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Purpose: Real-life effectiveness data on once-daily single-inhaler triple therapy (odSITT) with the inhaled corticosteroid fluticasone 
furoate (FF), the long-acting muscarinic antagonist umeclidinium (UMEC), and the long-acting β2-agonist vilanterol (VI) in patients 
with chronic obstructive pulmonary disease (COPD) are important to complement evidence from well-controlled randomized clinical 
trials. Effectiveness of odSITT was quantified by assessing health status and symptoms in usual care.
Patients and Methods: ELLITHE was a single-country (Germany), multicenter, open-label, non-interventional effectiveness study 
between 2020 and 2022, evaluating the effect of treatment initiation with FF/UMEC/VI 100/62.5/25 µg once-daily via the ELLIPTA inhaler 
on improvements in clinical outcomes versus baseline in COPD patients. The primary endpoint was the change in the total COPD 
Assessment Test (CAT) score between baseline and month 12. Key secondary endpoints included change in CAT score over time, 
occurrence of exacerbations until month 12, changes in forced expiratory volume in one second (FEV1), inhaler adherence, and safety.
Results: Nine hundred and six patients were included (age 66.6 years, 55.6% male, mean FEV1 52.6% of predicted, mean CAT 21.5 
units, 1.4 exacerbations/year pre-study). About 63.9% of patients were escalated from dual therapies, and 18% were switched from 
multiple-inhaler triple therapies. Reductions in CAT score at month 12 were statistically significant and above the threshold of clinical 
importance (−2.6 units; p < 0.0001). CAT score also improved at interim visits. CAT improvements were more pronounced in patients 
with high baseline scores and better inhaler adherence. Exacerbations during follow-up were rare (0.2 events/year) compared to pre- 
study (1.4 events/year). FEV1 was improved by 93 mL (p < 0.0001). No new safety effects were observed.
Conclusion: In usual care, treatment with odSITT resulted in significant and clinically relevant improvements of CAT score and FEV1 

in COPD patients, regardless of the occurrence of exacerbations. These findings challenge the current guideline recommendations for 
SITT only in patients experiencing exacerbations.
Keywords: CAT score, real-world evidence, lung function, exacerbation, treatment adherence

Introduction
Triple therapy with inhaled corticosteroid (ICS), long-acting β2-agonist (LABA) and long-acting muscarinic antagonist 
(LAMA) is currently approved as treatment option for moderate-to-severe chronic obstructive pulmonary disease (COPD) 
patients uncontrolled on dual-combination therapies.1–3 As of today, three single-inhaler triple therapies (SITT) have been 
licensed for COPD treatment, avoiding the necessity to use multiple inhalers and more frequent dosing schemes, thus offering 
the potential to improve treatment adherence, which could in turn lead to improved clinical outcomes.4,5

Current national6 and international7 guidelines and strategies recommend triple therapy for patients experiencing frequent 
moderate or severe exacerbations as an escalation step from long-acting bronchodilator therapy. The use of blood eosinophil 
count is also strongly promoted to identify patients with high likelihood of benefitting from an ICS-containing therapy.8 In 
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contrast, triple therapy is not mentioned as a part of follow-up therapy in non-exacerbating patients with persistent symptoms, 
namely dyspnea, beyond dual LAMA/LABA bronchodilation. This recommendation is somehow more restrictive than the 
current approval status of SITTs, which includes COPD patients uncontrolled on either dual therapies, regardless of whether 
this is defined by persistent symptoms and/or exacerbations.

In several large-scale, randomized controlled trials (RCTs), once-daily SITT (odSITT) with fluticasone furoate/ 
umeclidinium/vilanterol (FF/UMEC/VI) has demonstrated a wide range of clinical benefits, including reduction of 
moderate-to-severe exacerbations and symptoms while improving health status and lung function versus dual therapies 
FF/VI, UMEC/VI9 and budesonide/formoterol.10 Importantly, a relative reduction in the mortality rate was observed 
versus dual LAMA/LABA therapy11 similar to findings in the ETHOS trial.12 A recent network meta-analysis suggested, 
that odSITT may provide superior improvements in lung function than other available SITTs.13 Finally, the real-world 
open-label randomized INTREPID study demonstrated that odSITT resulted in a larger likelihood of health status 
improvement over 6 months versus usual care with multiple-inhaler triple therapies (MITT).14

However, while RCTs remain the gold standard to generate top-level evidence with high internal consistency, they 
mostly include highly selected or enriched patient populations and may therefore lack external validity and generalization 
to usual clinical practice.15,16 Therefore, real-world observational studies in routine care can provide important evidence 
of effectiveness that is complementary to RCTs.17–19

The ELLITHE (A prospective non-interventional study to assess quality of life and COPD symptoms in patients with 
COPD on FF/UMEC/VI triple therapy) study was designed to evaluate the effectiveness of odSITT on improving health 
status over 12 months in previously uncontrolled COPD patients treated in multiple sites in Germany. We also sought to 
describe baseline characteristics of COPD patients in Germany initiated on odSITT under real-life practice conditions.

Materials and Methods
Trial Design and Oversight
ELLITHE was a multicenter, non-interventional, open-label, effectiveness study evaluating once-daily single-inhaler FF/ 
UMEC/VI delivered by the ELLIPTA inhaler in uncontrolled COPD patients in a usual clinical practice setting. The 
primary objective was to evaluate the effectiveness of odSITT on health status in patients with COPD after 12 months of 
treatment versus baseline.

The inclusion and exclusion criteria were minimal to align with use according to EU label; details are provided in the 
Supplementary Table 1. All patients had a confirmed COPD diagnosis by spirometry in the medical records of their 
treating physician.

This trial was conducted at 119 centers in Germany from June 2020 to July 2022 in pulmonology specialist (N = 111) 
and internal/general medicine (N = 8) practices. The study was carried out in accordance with Good Clinical Practice 
guidelines under the provisions of the Declaration of Helsinki and received approval from independent ethics commit-
tees. The study was registered at the German Clinical Trials Register (DRKS00031897). All patients provided signed 
informed consent.

To minimize deviations from usual care and impact on normal patient behavior, patients were managed by their clinician 
in accordance with usual care practice, and only five study visits were planned: one at baseline/enrollment (Visit 1, V1) and 
one after 3, 6, 9 and 12 months on treatment (Visit 2–5, V2-V5). At each visit, patients completed a COPD Assessment Test 
(CAT) within their routine clinical COPD workup. The CAT is a simple instrument to assess health and functional status in 
patients with COPD.20 The CAT consists of 8 items, each formatted as a semantic six-point differential scale. These 8 items 
cover cough, phlegm, chest tightness, breathlessness when going up hills/stairs, activity limitations at home, confidence 
leaving home, sleep and energy. Each item is scored from 0 to 5 giving a total score ranging from 0 to 40. The questionnaire 
was to be filled out by the patient, and the total score was to be entered into the electronic case report form (eCRF). Patients 
should fill out the CAT at the initial study visit and after approximately 3, 6, 9 and 12 months.

In addition, patients were evaluated for occurrence of exacerbations and filled out the Test of Adherence to Inhalers 
(TAI) questionnaire. The TAI is a validated questionnaire designed to identify aspects of the daily use of inhalers.21 The 
questionnaire consists of 10 questions, eg, how often patients have forgotten or deliberately avoided inhalation and if 
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they have any problems with handling the inhaler. The scoring range for each question is from 1 (worst compliance) to 5 
(best compliance). The minimum and maximum possible total scores are 10 and 50. A total score of 50 points reflects 
good adherence, 46 to 49 points intermediate adherence and ≤45 points poor adherence. The questionnaire was to be 
filled out by the patient, and the total score was to be entered into the eCRF. Patients should fill out the TAI at baseline 
and after approximately 3, 6, 9 and 12 months. Patients also rated the ability to handle their ELLIPTA inhaler using 
a Likert scale ranging from 1 (very good) to 6 (very bad) at the end of the study period (months 12 or at discontinuation).

At each visit, pulmonary function tests were performed if they were part of routine care and forced expiratory volume 
in one second (FEV1) was recorded.

Safety information was collected at all scheduled or usual care visits and recorded in the eCRF.
Where available, peripheral blood eosinophil counts were collected at baseline or using the historical value closest to 

the patient’s consenting visit.

Effectiveness Outcomes
The prespecified primary endpoint was the change from baseline in mean CAT score at 12 months. A clinically 
meaningful response is defined as a decrease in CAT score of ≥2 units from baseline.22 Prespecified secondary endpoints 
included change from baseline in CAT score at months 3, 6, and 9, the percentage of patients experiencing mild 
(increased short-acting bronchodilator use only), moderate (prescription of antibiotics and/or oral corticosteroids) or 
severe (additional inpatient treatment) exacerbations, the time to first exacerbation, absolute (L) changes in FEV1 versus 
baseline, treatment adherence assessed by the TAI questionnaire at months 3, 6, 9, and 12, and safety.

Safety Assessments
Adverse event (AE) recording included treatment-related AEs, serious AEs (SAEs) and AEs leading to study treatment 
discontinuation or study withdrawal. Serious AEs of special interest (AESI), ie, SAEs that have specified areas of interest 
for FF, UMEC or VI or the overall COPD population, were also collected.

Statistical Considerations
The full analysis set (FAS) consisted of all patients who gave written informed consent, for whom all inclusion criteria 
and all exclusion criteria were confirmed and who received at least one dose of FF/UMEC/VI via the ELLIPTA inhaler. 
Additionally, a subpopulation of the FAS including patients on LAMA/LABA, LABA/ICS or LAMA/LABA/ICS therapy 
before switch to odSITT was analyzed. In general, data were analyzed descriptively. Arithmetic data were presented as 
mean values with 95% confidence intervals (CI) or standard deviation (SD). Median values were reported with min-max. 
In this study, the primary endpoint was the change in the total CAT score between baseline and month 12. In cases where 
patients discontinued from study treatment or follow-up prior to the final visit at month 12, the last-observation-carried- 
forward (LOCF) approach was used. Statistical tests and confidence intervals were calculated to assess statistically 
significant changes. Specific tests for outcome parameters are listed in the respective figure and table legends. All 
statistical analyses were carried out by means of the SAS® package (version 9.4).

As for non-interventional studies, typically a power analysis is not performed, a sample size justification based on the 
statistical precision for the estimation of the primary endpoint was used. A previous study22 investigated the change in the 
total CAT score in COPD patients over 12 months and found a standard deviation for change from baseline of 9 points.

Assuming a standard deviation of 9 points, a two-sided 95% confidence interval leads to a precision of ± 0.46 points 
when 1500 patients are enrolled in this study.

Results
Trial Population
Between June 2020 and July 2021, a total of 931 patients were enrolled. The enrollment was lower than originally 
planned due to restrictions during the COVID-19 pandemic. However, the precision estimate of the primary endpoint was 
minimally affected by the lower recruitment rate and was thus deemed to be acceptable
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Nine hundred and twenty-seven patients were treated with the study medication, of whom all inclusion/exclusion 
criteria were confirmed for 906 patients and were thus included in the FAS. Four hundred and seventy patients completed 
the study, while 461 patients discontinued the study prior to the final visit (V5) after 12 months (Supplementary 
Figure 1). Reasons for study discontinuation were amongst others “Patient’s wish” (6.2%), “Lost to follow-up” (3.5%) 
and “Withdrawal of informed consent” (2.2%). The median duration of follow-up and treatment exposure was 337 days 
(range 1–508 days). Baseline characteristics of the FAS patients are summarized in Table 1 and Supplementary Table 2. 
In general, patients were predominantly males aged >60 years, former smokers, and had a history of typical symptoms 
and/or COPD diagnosis of >5 years. A small proportion of patients (<10%) had a history of atopy and/or asthma 
diagnosis before the age of 40, while 46.5% had symptoms or a history of chronic bronchitis. Eosinophils were only 
available in a small subset of patients (N = 158/906). All patients had a history of at least one exacerbation in the year 
prior to enrolment, with a mean rate of 1.4 events (mild: 0.4/year; moderate: 0.8/year; severe: 0.1/year). Patients were 
highly symptomatic (mean CAT score 21.5 ± 6.7; mMRC grade II–IV in 70.4% of patients) despite pretreatment with 
dual LAMA/LABA (49.6%), LABA/ICS (14.3%) or free or fixed triple LAMA/LABA/ICS (22.8%) combination. The 
main reasons for initiation of odSITT were lack of symptom control (54.2%), simplification of therapy (42.3%), COPD 

Table 1 Baseline Patient Demographics and Characteristics

Demographics and Characteristics Overall (N = 906)a

Sex Male, n (%) 504 (55.6)

Female, n (%) 402 (44.4)

Age (year), mean ± SD 66.6 ± 9.8

BMI (kg/m2), mean ± SD 27.2 ± 5.6

Smoking status Active smoker, n (%) 358 (39.6)
Former smoker, n (%) 440 (48.6)

Non-smoker, n (%) 107 (11.8)

Comorbidities Any of predetermined, n (%) 609 (67.2)

Atopic patient, n (%) 71 (7.9)
Asthma diagnosis before 40th year of age, n (%) 71 (7.9)

Chronic bronchitis at first diagnosis, n (%) 420 (46.5)

Rate of COPD exacerbations in the prior 12 months Total, mean ± SD 1.4 ± 0.8

Mild, mean ± SD 0.4 ± 0.7
Moderate, mean ± SD 0.8. ± 0.8

Severe, mean ± SD 0.1 ± 0.4

Total CAT score, mean ± SD 21.5 ± 6.7

mMRC grading Grade 0, n (%) 25 (2.8)
Grade I, n (%) 239 (26.8)

Grade II, n (%) 387 (43.4)

Grade III, n (%) 232 (26.0)
Grade IV, n (%) 9 (1.0)

Peripheral blood eosinophil count (%), mean ± SD 2.8 ± 2.4
Peripheral blood eosinophils (cells/µL), mean ± SD 219.8 ± 193.7

Prior treatment LAMA/LABA/ICSb, n (%) 207 (22.8)
LABA/ICSb, n (%) 130 (14.3)

LAMA/LABAb, n (%) 449 (49.6)

Notes: aNumber of missing values varied between the described patient demographics and characteristics; bfixed or free combination. 
Abbreviations: BMI, body mass index; CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; ICS, inhaled 
corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic receptor antagonist; mMRC, modified medical 
research council dyspnea scale; SD, standard deviation.
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deterioration (35.5%), and increased exacerbation frequency (35.1%; multiple entries possible) (Supplementary Table 3). 
Baseline data were similar for the patient population with prior LAMA/LABA, LABA/ICS or LAMA/LABA/ICS COPD 
maintenance treatment (Supplementary Tables 4 and 5).

Primary and Secondary Effectiveness Analyses
CAT Score
Between V1 and V5, enrolled patients on odSITT experienced a significant and clinically meaningful (≥2 units) 
reduction in the CAT score from 21.5 to 18.6 units, corresponding to a mean change from baseline of −2.6 units 
(95% CI −3.14;-2.05; p < 0.0001). Improvements in CAT score were observed consistently at all follow-up visits, with 
a mean change of −2.7 units occurring already after 3 months at V2 (Figure 1A).

The change in CAT score was most pronounced in severely symptomatic patients with a high baseline CAT score as 
depicted in Figure 1B. In the group of COPD patients with CAT >20 units at V1, there was a large reduction of CAT after 
initiation of odSITT (mean change −4.6 units; 95% CI −5.40; −3.82), whereas the reduction of −0.4 units in patients with 
CAT ≤20 at V1 was not significant (95% CI −1.10; 0.24).

Overall, significant reductions in CAT score were observed when patients were analyzed according to their COPD 
maintenance treatment prior to switch to odSITT (Figure 1C). The largest improvements were seen in patients escalated 
from dual therapies LAMA/LABA (−2.8 units; 95% CI −3.52; −2.04) or LABA/ICS (−2.8 units; 95% CI −4.03; −1.49), 
while the change from baseline in patients switched from other triple therapy regimes (MITT or SITT) was significant 
with −2.3 units (95% CI −3.48; −1.17).

COPD Exacerbations
At the time of odSITT initiation, the mean number of all exacerbations in the 12 months prior to V1 was 1.4/year, 
corresponding to a rate of 0.4/year mild, 0.8/year moderate, and 0.1/year severe exacerbations. During the one-year 
observation period, only 8.1% (N = 73) of included patients experienced any exacerbation. At the end of the study, the 
mean annual exacerbation rates for total, mild, moderate, and severe exacerbations were 0.2/year, 0/year, 0.2/year and 0/year, 
respectively. There were 113 events in total (9 mild, 86 moderate, 15 severe, 3 not classified). In those patients experiencing 
any exacerbation, the median time to first exacerbation was 307 days (range 0–507 days).

Lung Function
At baseline, the majority of patients (N = 894) underwent spirometric assessments (Figure 2, Supplementary Figures 2 and 3). 
The mean FEV1 was 1.46 ± 0.53 L, corresponding to 52.6 ± 13.7% of the predicted value. After initiation of odSITT, FEV1 

improved on average by 93 ± 390 mL until the end of the study at V5 (p < 0.0001). Meaningful improvements in FEV1 were 
observed already at V2, and mean changes from baseline remained stable over time. Furthermore, forced vital capacity (FVC) 
significantly improved on average by 64 ± 525 mL from baseline to study end (p < 0.001).

TAI and Inhaler Handling
The mean TAI score at baseline for all patients was 47.0 points, indicating intermediate adherence for the overall group. 
Of these, 17% showed poor (TAI score ≤45 points), 20.5% intermediate (46–49 points), and 62.5% good (50 points) 
adherence. The mean TAI scores improved by 1.6 ± 7.3 points at V5 (p < 0.0001). Likewise, the percentage of patients 
with good adherence increased to 77.1% at study end (p < 0.0001) (Figure 3A, Supplementary Figure 4).

Patients with good or intermediate adherence had on average greater improvements in CAT score at the final visit 
compared to those with poor adherence (−2.5 and −2.3 versus +0.4 units, respectively), shown in Figure 3B.

The distribution of patients over adherence categories was comparable in the patients with exacerbations (N = 73) 
to those without and to the general study population. After the 12 month treatment period, patients with an exacer-
bation had 75% good, 20.3% intermediate, and 4.7% poor adherence (TAI scores available N = 64/73) (Supplementary 
Figure 5).

About 95.5% of subjects already received training on the ELLIPTA device before study participation. When asked 
about inhaler handling at the end of the observation period, ELLIPTA was rated as “very good” or “good” by 35.4% and 
32.8% of patients, respectively (Supplementary Table 6).
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When we excluded 120 patients not on prior LAMA/LABA, LABA/ICS or LAMA/LABA/ICS COPD maintenance 
treatment before switch to odSITT, still all outcomes were significantly improved. Details are provided in the supplement 
(Supplementary Figures 6–9, Supplementary Tables 6 and 7).

Figure 1 Change in CAT score after initiation of odSITT over the study period. (A) CAT score was determined at every visit. It was significantly reduced by −2.6 units 
between baseline and final visit. **** P-value (t-test) <0.0001. (B) Patients were categorized into two groups depending on their baseline symptom load: CAT >20 (severely 
symptomatic), CAT ≤20 (less severely symptomatic). At the final visit, CAT scores were assessed and change in CAT score by baseline score determined. Severely 
symptomatic patients at baseline benefitted more from odSITT regarding the reduction in CAT score (−4.6 units) than less severely symptomatic patients (−0.4 units). Group 
comparison of mean change in CAT score between groups **** p-value (t-test) <0.0001. In comparison, reduction in CAT score in the total study population after odSITT 
initiation was −2.6 units. Mean change in CAT score between V1 and V5 LOCF **** p-value (t-test) <0.0001. (C) CAT scores in patients were determined at baseline and 
final visit by treatment prior to switch to odSITT. Independent of their prior treatment (LAMA/LABA, LABA/ICS or LAMA/LABA/ICS), CAT score was significantly reduced. 
Group comparison of mean change in CAT score between groups not significant (ns) p-value (ANOVA) >0.05. Reduction in CAT score by prior medication was similar to 
the total study population. Mean change in CAT score between V1 and V5 LOCF **** p-value (t-test) <0.0001. 
Abbreviations: CAT, COPD assessment test; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; LOCF, last-observation- 
carried-forward; odSITT, once-daily single-inhaler triple therapy; V1, visit 1 (baseline).
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Safety Results
In total, 234 AEs occurred in 148 patients (16.3% of the patients) displayed in Table 2. Fifty-eight serious AEs (SAEs) 
were documented for 4.6% of the patients and 68 adverse drug reactions (ADRs) for 5.0% of the patients. “Respiratory, 
thoracic and mediastinal disorders” was the most frequently reported system organ class among all AEs (8.9% of the 
patients), SAEs (1.5% of the patients), and ADRs (2.1% of the patients). A causality between the AE and the intake of 
odSITT was assumed for 7.7% of the AEs. For 2.1% of the AEs a causality was considered as almost certain, for 3.0% as 
probable and for 16.2% as possible. There were 5 cases of pneumonia during the study period, with 3 of them classified 
as serious. Six deaths occurred during the 12 month period, none of these was judged to be causally related to the intake 
of odSITT. Safety results were similar in patients with prior LAMA/LABA, LABA/ICS or LAMA/LABA/ICS COPD 
maintenance treatment (Supplementary Table 8).

Discussion
In the ELLITHE non-interventional study, we provide real-world evidence of rapid, sustained, and clinically meaningful 
improvements in health status in a large group of COPD patients who were initiated on odSITT in German specialist and 
general practices. These results support the findings from well-controlled clinical studies with odSITT.9,10 We used CAT score 
as primary outcome measure, a validated instrument with published minimal clinically important differences (MCIDs) that is 
frequently used in research settings and, importantly, also in routine clinical care. The overall benefits with odSITT generally 
exceeded the MCID of ≥2 units, were demonstrable already at the first follow-up visit (V2), and were sustained throughout the 
study period of 12 months, despite established prior dual (LAMA/LABA, LABA/ICS) or LAMA/LABA/ICS maintenance 
therapies. Importantly, the benefits of odSITT were most pronounced in patients with high baseline CAT scores (>20 units), 
and good or intermediate treatment adherence. The improvements in CAT in ELLITHE, in contrast to other large-scale 
trials,9,12,23,24 are unlikely to be driven by (frequent) exacerbations impacting health status, as the overall frequency of 
exacerbations in the prospective ELLITHE study period was very low (less than 10% of patients experiencing any exacer-
bation). Hence, the results of ELLITHE clearly underscore the potential of odSITT to improve symptomatic COPD even in the 
absence of exacerbations. These findings also challenge current national or international management strategies6,7 reserving 
the use of ICS-containing triple therapies only for patients experiencing exacerbations (GOLD group “E”). In the EU, 
available triple therapies are approved for the maintenance treatment of patients with moderate-to-severe COPD insufficiently 
controlled on dual or “open” triple inhaler therapies, which may or may not be defined by the occurrence of exacerbations.1–3 

Figure 2 Change in lung function by FEV1 after initiation of odSITT over the study period. FEV1 was measured at every visit possible. At baseline, mean FEV1 was 1.46 ± 0.53 L. 
Already at the second visit after 3 months the FEV1 significantly increased by 96 mL to 1.54 ± 0.59 L. **** P-value (t-test) <0.0001. This increase remained stable over the course of 
the study with an overall increase of 93 mL at the final visit (mean FEV1 1.55 ± 0.65 L). **** P-value (t-test) <0.0001. 
Abbreviations: FEV1, forced expiratory volume in one second; LOCF, last-observation-carried-forward; odSITT, once-daily single-inhaler triple therapy; V1, visit 1 (baseline).
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Thus, it is worthwhile to reconsider the role of LAMA/LABA/ICS therapies also in selected group “B” patients. In the 
KRONOS trial,25 benefits of SITT on multiple outcomes were observed in group B COPD patients without a history of 
exacerbations. A growing body of evidence has unanimously underscored the negative impact of moderate-to-severe 

Table 2 Incidence of On-Treatment AEs

Type of AE Overall (N = 906)

AE, n (%) 148 (16.3)
AE leading to study withdrawal, n (%) 29 (3.2)

Adverse drug reaction (ADR), n (%) 45 (5.0)

SAE, n (%) 42 (4.6)

Fatal SAE, n (%) 6 (0.6)
Treatment-related fatal SAE, n (%) 0 (0)

Infective pneumonia as serious AESIs, n (%) 5 (0.6)

Abbreviations: ADR, adverse drug reaction; AE, adverse event; AESI, adverse 
event of special interest; SAE, serious adverse event.

Figure 3 Change in adherence by TAI after initiation of odSITT by the end of the study. (A) Adherence was measured by TAI questionnaire. The level of adherence is distributed in 
three categories depending on the total score: good adherence (50 points), intermediate adherence (46–49 points) and poor adherence (≤45 points). The percentage of patients with 
good adherence significantly improved from baseline to final visit (**** p-value (McNemar’s test) <0.0001) while less patients were distributed to intermediate and poor adherence after 
initiation of odSITT. (B) Patients were distributed in the three TAI categories. Changes in CAT score were assessed for each adherence level from baseline to final visit. Patients with 
good or intermediate adherence had greater improvements in CAT score at the final visit compared to those with poor adherence (−2.5 and −2.3 versus +0.4 units, respectively). 
Group comparison of mean change in CAT score between groups * p-value (ANOVA) <0.05. 
Abbreviations: CAT, COPD assessment test; LOCF, last-observation-carried-forward; odSITT, once-daily single-inhaler triple therapy; TAI, test of adherence to inhalers; V1, visit 1 
(baseline).
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exacerbations on disease progression in COPD.26 Even a single or first exacerbation accelerates lung function decline27 and is 
associated with increased long-term mortality.28 Escalation of inhaled therapy according to the current “treat-to-fail” strategy 
may therefore fall short in comprehensively addressing individual risk as part of a preventative approach. Risk-based 
management is an established, evidence-based strategy in numerous therapeutic areas including, eg, cardiovascular 
medicine,29 diabetes,30 or osteoporosis31 treatment. Identifying at-risk COPD patients prior to the occurrence of exacerbations 
is therefore pivotal to implement preventative interventions earlier in the course of the disease. While exacerbations are a main 
driver of mortality, morbidity and progression, other clinical characteristics are also independently associated with mortality 
and future exacerbations, such as low lung function, high symptom burden, frequent rescue inhaler use, elevated blood 
eosinophils or plasma fibrinogen, and presence of cardiovascular risk factors.32–36 The results from ELLITHE underscore the 
importance of prospective trials with triple therapies in group B patients stratified according to these established risk factors.

Despite a history of COPD exacerbations in the past, the prospective exacerbation rate during 12 months treatment 
with odSITT was extremely low. Although differences of historic and prospective annual exacerbation rates have been 
noted in other large-scale COPD and asthma trials,37,38 the observed rate difference exceeds published data by far. 
Besides optimized pharmacotherapeutic prevention of exacerbations by effective odSITT, the timing of the study during 
phases of restrictions and lockdowns due to the COVID-19 pandemic has likely significantly contributed to this finding. 
COPD exacerbations have dramatically declined during the pandemic in many regions globally due to restrictions or 
shielding measures, underscoring the importance of viral infections as main triggers of these events.39,40 It is also 
possible that some events were not reported due to limited access to health care during the pandemic, although this 
explanation seems unlikely for ELLITHE, where most patients attended regular follow-up visits. Nevertheless, the 
ELLITHE data impressively show that a significant and distinct reduction of moderate-to-severe exacerbations is 
possible in COPD patients by a combination of effective pharmacotherapy and non-pharmacological measures.

In addition to CAT score and exacerbations, spirometric benefits were also demonstrable at study end and approached 
100 mL with odSITT versus baseline, an effect size estimated to be clinically important even when measured against 
placebo.41,42 These results are in line with data from well-controlled clinical studies, reporting improvements of similar 
magnitude compared to dual-combination therapies.9,10

Taken together, the add-on effects of therapy escalation with odSITT compared to prior dual therapies are likely the main 
driver for improvements. However, meaningful benefits were also observed in prior “triple” (SITT or MITT) users, similar to 
findings in the INTREPID study.14 In these patients, advantages of the individual pharmacological components of odSITT 
improved adherence or device handling/performance issues may have contributed to clinical effectiveness. Evidence from few 
direct non-inferiority studies has demonstrated better outcomes with, eg, UMEC/VI over other available LAMA/LABA 
combinations,43,44 and a recent network meta-analysis also showed greater improvements in lung function and exacerbations 
with odSITT versus other available SITTs.13 Importantly, ELLITHE study results on CAT score are in line with recent findings 
in a non-interventional study with a different, twice-daily SITT (beclomethasone/formoterol/glycopyrronium via pressurized 
metered dose inhaler).45 In this study, improvements in CAT score of 2.7 units were observed, with similar overall baseline 
CAT scores (21.5 units), although the observation period of 6 months was considerably shorter than in ELLITHE.

The main indication that drove physicians in ELLITHE to initiate odSITT was exacerbations. Notably, in a large 
number of patients “persistent symptoms” were also named as reason, besides adherence or inhaler issues. Perhaps 
surprisingly, a blood eosinophil count was not used to support initiation of triple therapy in the vast majority of patients. 
In fact, eosinophils were measured routinely only in a very small group of patients. In this subgroup, at least some 
physicians listed the eosinophil count as one parameter that supported the treatment decision. The reasons for this 
reluctance toward using eosinophils as biomarker in COPD are not clear. Contrary to guidelines, however, physicians 
appear to rely almost exclusively on clinical features when prescribing odSITT. Given the general availability, low cost 
and reasonable predictive value of eosinophils in COPD, more education may be needed to reinforce routine imple-
mentation of this biomarker in clinical practice.

Due to the character of the study design, there are also some important limitations, mainly the lack of a control group that 
would substantiate an estimate of, eg, potential Hawthorne or regression to the mean effects on main study outcomes.19,41,46,47 

It is therefore important to note that benefits of odSITT on CAT - an established, yet subjective, patient-reported outcome 
measure - were backed by clinically meaningful improvements of FEV1, a robust, objective physiological marker reflecting 
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airflow limitation. As with most real-world effectiveness studies, the identification of concise reasons behind the observed 
clinical benefits with odSITT is also somewhat limited. However, our data support possible contributions of ease of inhaler 
use, adherence, and dosing regime as well as pharmacological properties of active drugs. Importantly, with the non- 
interventional study design, patients were only observed within routine care. That is why study discontinuations and missing 
visits are more common. As in comparable observational-studies,45,48 the number of patients who discontinued the study or 
missed visits was relatively high. Again, this could have also resulted from patients’ cautiousness during the COVID-19 
pandemic to reduce doctor’s appointments. Finally, the study is representative for the German health-care system, and results 
may not necessarily be applicable to other countries.

Conclusion
In summary, ELLITHE demonstrates rapid, sustained, and clinically meaningful improvements in CAT score and other 
important outcomes with odSITT in a large group of COPD patients treated in Germany under usual care conditions. The 
observed benefits over 12 months indicate that triple therapy should be considered in severely symptomatic COPD 
patients regardless of the occurrence of exacerbations, which is in contrast to current guideline recommendations.
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