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Background: Combined ICS and long-acting bronchodilators (LABD) more effectively reduce COPD exacerbations than LABD
therapy alone. Corticosteroid-related adverse effects, including pneumonia, limit ICS use. Previous data suggest this risk is lower for
extrafine beclometasone (ef-BDP). We compared pneumonia risk among new users of fixed dose ICS/LABD formulations containing
ef-BDP, versus patients initiating LABD without any ICS.

Methods: A propensity-matched historical cohort study design used data from OPCRD. COPD patients with >1 year of continuous
data who initiated LABD or ICS/LABD formulations containing ef-BDP were matched. Primary outcome was time to pneumonia
event, as treated, using either sensitive (physician diagnosed) or specific (physician diagnosed and x-ray or hospital admission
confirmed) definitions, with non-inferiority boundary of 15%.

Results: 23,898 COPD patients were matched, who were 68+11 years, 54.3% male and 56% current-smokers, while 43% were
former-smokers. Initiation of ef-BDP/LABD was not associated with an increased risk of pneumonia versus LABD, for either
a sensitive 0.89 (0.78-1.02), P = 0.08 or a specific 0.91 (0.78-1.05), P = 0.18 definition of pneumonia. The probability of remaining
pneumonia free 1-year after ef-BDP/LABD was 98.4%, which was comparable to LABD at 97.7%, and was sustained up to 6 years of
observation; non-inferiority criterion was met for both definitions. Initiation of ef-BDP/LABD was also associated with a reduced risk
of developing LRTIs in the propensity matched cohort.

Conclusion: Risk of pneumonia when using ICS for the management of COPD reported in several randomised controlled trials may
not be relevant with ef-BDP in a diverse real-world clinical population.
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Introduction

Inhaled long-acting bronchodilators (LABD) include both long-acting beta agonists (LABA) and long-acting muscarinic
antagonists (LAMA).! LABD use in COPD has been shown to improve lung function, dyspnoea, health status and reduce
exacerbations rates.” In patients who experience frequent or moderate to severe exacerbations, inhaled corticosteroids
(ICS) can be combined with LABD, forming either a double or triple therapy.'~

The use of a double therapy containing ICS and LABA has been shown to be more effective than each component in
isolation in improving lung function, symptoms and quality of life and reducing exacerbations and their severity and is
a commonly used first line treatment for symptomatic patients at risk of exacerbations, especially in those with high
blood eosinophil levels.*'' In the most recent GOLD 2023 iteration, triple therapy with ICS/LABA/LAMA is the
preferred treatment of choice in COPD patients that require ICS, particularly with the following thresholds of blood
eosinophils: >100 cells/mL - Favors use; >300 cells/mL - Strongly favors use. At these eosinophil thresholds, ICS/
LABA/LAMA triple therapy is more effective for reducing exacerbations when compared to combined LABD
therapy.'? Further, two large one-year randomized controlled trials (IMPACT and ETHOS) provide new evidence on
mortality reduction with fixed-dose inhaled triple combinations compared to dual bronchodilation,” so triple therapy is
recommended for patients whose dyspnoea and exacerbations are not managed on dual regimes.>'?

The superior effects of ICS-containing dual and triple therapies in improving COPD outcomes, when compared to
each component in isolation have mostly been attributed to their anti-inflammatory effects.'*'® Despite the benefits of
ICS, there are risks, among the most notable being an increased incidence of pneumonia that is associated with regular
*42% and this is further

magnified for patients aged 55 years and older, with severe airflow limitation (FEV; <50% predicted), a history of prior

ICS use™'*2* However, COPD itself is a significant risk factor for the development of pneumonia,

COPD exacerbations, a poor modified medical research council (nMRC) dyspnoea score, low body mass index*® and
comorbid conditions.?” ICS should also be used with caution in COPD patients with a prior history of pneumonias.?®

Recent observations suggest not all ICS carry the same pneumonia risk, and subclass variations may exist. For
example, in the PATHOS and UPLIFT studies, patients using fluticasone propionate containing formulations had an
increased risk of developing pneumonia when compared to therapies containing other ICS compounds.”*** More
specifically, the use of fluticasone propionate/salmeterol in COPD patients has been associated with an increased risk
of pneumonia and severe exacerbations when compared to budesonide/formoterol or beclometasone/formoterol in
a retrospective cohort study.*~*° Similarly, a recent meta-analysis suggests the use of fluticasone containing formulations
in COPD are linked to an increased pneumonia risk (greater with fluticasone propionate than with fluticasone furoate)
which was not observed when using budesonide or beclometasone.>' However, these apparent differences between ICS
in terms of pneumonia risk may relate to other factors including patients’ characteristics, diagnostic criteria for
pneumonia, or different study designs.

In highlighting these observations, it should be acknowledged that, irrespective of subtype, the use of an ICS
containing formulation may carry an increased risk of pneumonia compared to LABD without ICS, as evidenced in
the ETHOS, TRINITY, FORWARD and IMPACT studies.”'**>* A notable exception is the TRIBUTE study, which
directly compared extrafine beclometasone-glycopyrronium-formoterol in a single inhaler with glycopyrronium-
indacaterol, and showed no difference in the risk of pneumonia over 12 months in patients with severe symptomatic
COPD who were at risk of exacerbations.*

Notably, the above reported studies were randomised controlled trials (RCTs) and the pneumonia risk associated with
ICS use were reported as adverse outcomes. Thus, they utilised a select, non-real-world cohort of participants and were
not designed or necessarily powered to detect the true risk of ICS use association with pneumonia in a real-world
population of COPD patients. Previous real-world studies suggested that extra-fine particle formulations of ICS may be
associated with lower risk of pneumonia than with other fine-particle formulations, which may relate to differences in
lung deposition.*®*” Therefore it would be of interest to assess the risk of pneumonia in a broad real-world matched
population of COPD patients who are utilising either ICS/LABD formulations or LABD therapies without ICS. Doing so
would enable assessment of pneumonia risk in a large clinical population of COPD patients with diversity in age,

comorbidities, risk factors and disease severity, which is different to the homogeneous populations normally incorporated
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in RCTs. Additionally, the use of a uniform definition of pneumonia would also be advantageous. The aim of the present
investigation was to compare the risk of pneumonia in COPD patients who are new users of fixed dose ICS/LABD
formulations containing extrafine beclometasone (ef-BDP), administered as either a dual or triple therapy, versus patients
initiating LABD, either as mono or dual LABA/LAMA therapy.

Methods
Study Design and Ethical Approval

A historical propensity matched cohort study, including a broad real-life population of patients with active COPD in the
UK was conducted. The baseline, reference period was one year prior to the index date, which was defined as the
initiation date of either a dual or triple ICS/LABD formulation containing ef-BDP, or either mono or dual LABD therapy
containing a LABA and/or a LAMA. Data was obtained from the Optimum Patient Care Research Database (OPCRD),
which comprises electronic medical records from over 12 million patients and allows for a long retrospective period, with
the median time in the database being 13 years and a large proportion having summary medical data from birth. Data
were restricted from 2014 onwards. Additionally, the respiratory-related measures contained within the database have
been validated using patient reported outcomes. OPCRD has ethical approval from the National Health Service Research
Authority to hold and process anonymised research data (Research Ethics Committee reference: 15/EM/0150).

The protocol for the current investigation was established prior to data extraction and was performed in accordance
with the European Network of Centers for Pharmacoepidemiology and Pharmacovigilance (ENCePP) code of conduct
(2014). The study was also registered with the European Union electronic Register of Post-Authorisation studies
(EUPAS35439) and approval was granted by the Anonymised Data Ethics Protocols and Transparency committee, the
independent scientific advisory committee for OPCRD (ADEPT0820).

Inclusion and Exclusion Criteria

To be eligible for inclusion, patients were required to be 40 years of age or older at the time of COPD diagnosis, have
>] year of continuous data within their electronic medical record prior to the index date and be commencing either a dual
or triple ICS/LABD formulation containing ef-BDP (Foster™ and Trimbow®) or a mono or dual LABD therapy (either
LAMA, LABA or LAMA/LABA). Patients were also required to have no history of using the class of formulation (ie no
ICS before) that they were commencing and were required to have a second prescription of the same medication within
90 days of the first, to avoid brief treatment trials and patients with only temporary medical records.

Exclusion criteria for the current investigation were having a smoking status of “never smoked” or a diagnostic read
code for asthma or any other chronic lower respiratory tract condition other than COPD. A diagnosis of bronchiectasis
was not established as an exclusion criterion as it is often misdiagnosed and a frequent comorbidity of COPD. Any
patients who experienced a pneumonia event or respiratory related bacterial infection in the 28 days prior to the index
date also had their medical records excluded.

Outcomes

The primary outcome was time to first pneumonia event, using either a sensitive or a specific definition. A sensitive
definition pneumonia was defined as any pneumonia diagnosed by a physician, and a specific definition pneumonia was
defined as physician diagnosed pneumonia that was confirmed with a chest radiograph or hospital admission within one
month of diagnosis. The secondary outcome was time to first lower respiratory tract infection (LRTT), which was defined
as needing an antibiotic prescription with evidence of a LRTI on the same day. A full list of diagnostic READ codes used
to define LRTI is available upon request. Exploratory analyses were also conducted to allow for more comprehensive
comparisons of the harm related to these treatment regimens. This included the time to first event for acute oral
corticosteroid use, antibiotics prescription, exacerbation, primary care recorded hospitalisation and pneumonia-related
hospitalisation.
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Confounders and Propensity Matching
Full details of the 1:1 matching process are provided in Appendix 1. Briefly, inclusion in the matching process required
a covariate to have no more than 20% missing data. The propensity score was generated from logistic regression
modelling using all available patient-level baseline characteristics that were expected on clinical grounds to be related to
the outcome or to both the outcome and treatment allocation. The logit of the propensity score was used as the matching
scale with a calliper width equal to 0.2 of the standard deviation of the logit of the propensity score, in line with the
recommendations of Austin,*®

Matching rate and multivariable balance were used to establish criteria for accepting a matching set. Residual bias
potential after propensity matching was assessed and if bias statistics were at least 2%, baseline variables were added to

the outcome model in a forward selection approach, in descending order of highest bias potential.

Statistical Analysis

Non-inferiority of ef-BDP/LABD formulations was assessed against LABD using per protocol analysis. The upper
boundary of non-inferiority was a relative difference of 15% corresponding to a hazard ratio at or below 1.15, with the
non-inferiority boundary based on a prior randomised controlled trial comparing fluticasone with salmeterol® and triple
therapy containing fluticasone with double bronchodilation.*® The increased risk associated with ICS use in COPD
patients was not an expected finding by Calverley et al,” as such there was no prospective definition of pneumonia in this
study. Lipson et al*> however, defined a pneumonia event as a physician diagnosis considering cough, sputum purulence,
dyspnoea, physical examination findings and laboratory results, but also required a chest radiograph to be obtained. In the
current investigation, patients were censored at the end of data availability, either when leaving the practice or last time
data was extracted or on changes to medication regime.

Cox regression was used for time to event analysis. In the primary analysis, this allowed for the assessment of the
association between ICS treatment and time to the first pneumonia event following initiation of an ef-BDP/LABD or
LABD. Analyses were repeated in unmatched and propensity score matched samples to quantify the impact of measured
confounders. To minimise residual confounding, a doubly robust approach was adopted in which the Cox regression
models were adjusted for baseline characteristics with bias statistics of at least 2% in propensity score matched samples
(Appendix 2). A similar approach was adopted for the secondary and exploratory outcomes. Exacerbations occurring
within 28 days of a previous event were considered part of a single episode. From this modelling, hazard ratios and 95%
confidence intervals for each effect were generated. All statistical analysis was performed using R,*° with propensity
score matching performed using the Matching package.’’

Results

Comparison of ef-BDP and LABD Populations

A total of 54,400 patients were eligible for inclusion, 13,485 commencing an ef-BDP containing ICS/LABD and 40,915
commencing LABD (Figure 1). Of these 23,898 patients were matched, that is 11,949 commencing an ef-BDP based
ICS/LABD formulation and 11,949 commencing LABD. Baseline characteristics of the unmatched and propensity
matched cohorts for new users of ef-BDP/LABD and LABD are shown in Table 1 and Appendix 2. Prior to matching,
the ef-BDP/LABD cohort had more severe COPD in comparison to the LABD cohort, as indicated by exacerbations,
FEV1% and mMRC scores. Following the matching process, irrespective of the cohort, patients were most likely to have
experienced <I exacerbations in the previous year, have an FEV1% between 50-80% of predicted value and have an
mMRC score of >2. The distribution of propensity scores had a broad region of common support (0.03 < propensity score
<0.97) (Figure 2) and the standardized mean difference was below the 10% threshold for all baseline characteristics,
signifying sufficient balance between groups (Figure 3). In particular, both groups of patients were 68+11 years, 54.3%
were male, and 56% were current-smokers while 43% were former-smokers. By design, both groups were also equally
balanced by BMI, blood eosinophils, GOLD stage, FEV1% predicted and mMRC score (all p>0.05).
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Figure | (A) Flow diagrams for patients commencing (A) LABD or (B) ef-BDP/LABD therapy and their eligibility for matching. (B) Flow diagrams for patients commencing
(A) LABD or (B) ef-BDP/LABD therapy and their eligibility for matching.

Abbreviations: COPD, chronic obstructive pulmonary disease; ef-BDP/LABD, extrafine beclometasone / long-acting bronchodilators; ICS, inhaled corticosteroids; LABD,
long-acting bronchodilators.

Primary Outcomes

In comparison to LABD, initiation of ef-BDP/LABD was not associated with any significant increase in the hazard risk
(HR) and 95% confidence interval of developing a sensitive definition pneumonia, for either matched (HR 0.89 (0.78-
1.02), P = 0.08) or unmatched populations (HR 1.09 (0.98-1.21), P = 0.11) (Table 2 and Figure 4). The probability of
remaining pneumonia free 1 year after commencement of ef-BDP/LABD was 98.4%, which was comparable to LABD at
97.7% (Figure 5). Similar results were also observed 6 years after the commencement of ef-BDP/LABD (90.3%) and
LABD (90.0%).
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Table | Demographic Features of Unmatched and Matched Populations Commencing Formulations Containing Extrafine
Beclometasone/Long-Acting Bronchodilators (Ef-BDP/LABD) or Long-Acting Bronchodilators (LABD)

Age (years) Mean (SD) 68.51 (10.73) 68.03 (10.50) 68.32 (10.81) 68.18 (10.55)
Male gender Male, n (%) 7266 (53.9) 22,976 (56.2) 6492 (54.3) 6490 (54.3)
Smoking status N (% non-missing) 13,414 (99.5) 40,827 (99.8) 11,889 (99.5) 11,884 (99.5)
Ex-smoker n (%) 5643 (42.1) 18,874 (46.2) 5123 (43.1) 5194 (43.7)
Current smoker n (%) 7771 (57.9) 21,953 (53.8) 6766 (56.9) 6690 (56.3)
Index year 2014, n (%) 589 (4.4) 4526 (11.1) 579 (4.8) 621 (5.2)
2015, n (%) 1254 (9.3) 4790 (11.7) 1196 (10.0) 1215 (10.2)
2016, n (%) 1499 (11.1) 5079 (12.4) 1406 (11.8) 1439 (12.0)
2017, n (%) 1579 (11.7) 5606 (13.7) 1471 (12.3) 1459 (12.2)
2018, n (%) 1766 (13.1) 5601 (13.7) 1600 (13.4) 1586 (13.3)
2019, n (%) 1960 (14.5) 5599 (13.7) 1727 (14.5) 1713 (14.3)
2020, n (%) 1537 (11.4) 3494 (8.5) 1268 (10.6) 1235 (10.3)
2021, n (%) 1704 (12.6) 3219 (7.9) 1354 (11.3) 1348 (11.3)
2022, n (%) 1597 (11.8) 3001 (7.3) 1348 (11.3) 1333 (11.2)
BMI (kg/m?) N (% non-missing) 13,187 (97.8) 40,372 (98.7) 11,681 (97.8) 11,685 (97.8)
Underweight <18.5, 772 (5.9) 2024 (5.0) 651 (5.6) 654 (5.6)
n (%)
Normal 218.5 <25, 4212 (31.9) 13,390 (33.2) 3743 (32.0) 3783 (32.4)
n (%)
Overweight 225 4062 (30.8) 12,993 (32.2) 3635 (31.1) 3659 (31.3)
<30, n (%)
Obese 230, n (%) 4141 (31.4) 11,965 (29.6) 3652 (31.3) 3589 (30.7)
Comorbidities
Anxiety/depression Yes, n (%) 5835 (43.3) 17,128 (41.9) 5138 (43.0) 5144 (43.0)
Allergic / non-allergic Yes, active, n (%) 2033 (15.1) 5861 (14.3) 1807 (15.1) 1745 (14.6)
rhinitis
Eczema Yes, active, n (%) 255 (1.9) 909 (2.2) 223 (1.9) 235 (2.0)
Gastro-oesophageal Yes, active, n (%) 266 (2.0) 807 (2.0) 231 (1.9) 242 (2.0)
reflux disease
Chronic rhinosinusitis Yes, n (%) 309 (2.3) 920 (2.2) 271 (2.3) 274 (2.3)
Nasal polyps, ever Yes, n (%) 243 (1.8) 620 (1.5) 211 (1.8) 223 (1.9)
before
Drug treatment category | No therapy 2675 (19.8) 16,979 (41.5) 2652 (22.2) 3533 (29.6)
SABA/SAMA 3616 (26.8) 23,936 (58.5) 3439 (28.8) 8416 (70.4)
LABA 500 (3.7) - 450 (3.8) -
LABA + LAMA 3261 (24.2) - 2417 (20.2) -
LAMA 3433 (25.5) - 2991 (25.0) -
Eosinophil count (1029/L) | N (% non-missing) 11,792 (87.4) 35,810 (87.5) 10,403 (87.1) 10,406 (87.1)
<0.15, n (%) 3685 (31.2) 12,136 (33.9) 3312 (31.8) 3356 (32.3)
0.15 <0.35, n (%) 5642 (47.8) 17,761 (49.6) 5044 (48.5) 4983 (47.9)
>0.35, n (%) 2465 (20.9) 5913 (16.5) 2047 (19.7) 2067 (19.9)
(Continued)
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Table | (Continued).

GOLD group N (% non-missing) 10,443 (77.4) 32,754 (80.1) 9184 (76.9) 9169 (76.7)
A n (%) 211 (21.2) 7974 (24.3) 2032 (22.1) 2059 (22.5)
B, n (%) 5253 (50.3) 18,604 (56.8) 4776 (52.0) 4704 (51.3)
C,n (%) 2543 (24.4) 5418 (16.5) 2059 (22.4) 2056 (22.4)
D, n (%) 436 (4.2) 758 (2.3) 317 (3.5) 350 (3.8)
FEV,% predicted in N (% non-missing) 10,416 (77.2) 32,636 (79.8) 9158 (76.6) 9143 (76.5)
5-years period <30, n (%) 435 (4.2) 755 (2.3) 316 (3.5) 349 (3.8)
30 <50, n (%) 2538 (24.4) 5402 (16.6) 2054 (22.4) 2048 (22.4)
50 <80, n (%) 5237 (50.3) 18,537 (56.8) 4761 (52.0) 4693 (51.3)
>80, n (%) 2206 (21.2) 7942 (24.3) 2027 (22.1) 2053 (22.5)
mMRC score N (% non-missing) 10,627 (78.8) 29,684 (72.6) 9174 (76.8) 9120 (76.3)
l, n (%) 1142 (10.7) 4435 (14.9) 1088 (11.9) 1082 (11.9)
2, n (%) 4382 (412) 14,416 (48.6) 3992 (43.5) 3993 (43.8)
3,n (%) 3098 (29.2) 7768 (26.2) 2639 (28.8) 2592 (28.4)
4,n (%) 1584 (14.9) 2581 (87) 1186 (12.9) 1158 (12.7)
5, n (%) 421 (4.0) 476 (1.6) 269 (2.9) 295 (3.2)

Abbreviations: BMI, body mass index; extrafine beclometasone/long-acting bronchodilators (ef-BDP/LABD); ef-FDC-B, extrafine fixed dose combination beclometasone;
FEV1, Forced Expiratory Volume |; fp-FDC-F, fine-particle fixed dose fluticasone; GOLD, global initiative for chronic obstructive lung disease; ICS, inhaled corticosteroid;
LABA, long acting beta agonist; LABD, long-acting bronchodilators; LAMA, long acting muscarinic antagonist; nMRC, modified medical research council; SABA, short acting
beta agonist; SAMA, short acting muscarinic antagonists; SD, standard deviation.

Similarly, the commencement of ef-BDP/LABD was not associated with any significant increase in the risk of
developing a specific definition of pneumonia in the matched population 0.91 (0.78—1.05), P = 0.18, but with a marginal
significant increase in the unmatched population 1.14 (1.02-1.28), P = 0.02 when compared to LABD. There was no
significant variation in the survival function for remaining pneumonia free, from a specific definition pneumonia, one to
six-years after the commencement of either ef~-BDP/LABD or LABD in the propensity matched as-treated population (ef-
BDP pneumonia free 98.6% at 1 year and 91.1% at 6 years; LABD pneumonia free 98.0% at 1 year and 91.5% at 6 years
(Figure 6). The criterion for non-inferiority for those patients commencing ef-BDP/LABD therapy was achieved for both
sensitive and specific definitions with the upper 95% CI boundaries below 1.15 (Table 2 and Figure 4).

Secondary Outcomes

The initiation of ef-BDP/LABD was associated with a reduced risk of developing LRTI in the matched population 0.76
(0.72-0.79), P < 0.001, when compared to LABD (Table 2). The probability of remaining free from LRTI after the
commencement of ef-BDP/LABD was 82.2%, compared to 80.1% after the commencement of LABD in the propensity
matched cohort and remained significant after six years (P < 0.001). (Figure 7).

Exploratory Outcomes

Assessment of exploratory outcomes indicates ef-BDP/LABD use was associated with a significant reduced risk of
requiring antibiotic prescriptions, developing exacerbations, and having a primary care recorded hospitalisation (all
p<0.05) in the matched population, when compared to LABD alone (Table 2). The use of ef-BDP/LABD was not
associated with a different risk of pneumonia-related hospitalisations for matched 0.90 (0.75-1.07), P = 0.23 and
unmatched 0.90 (0.75-1.07), P = 0.23 populations (Table 2).
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Figure 2 Density plots showing the distribution of propensity scores for patients treated with formulations containing extrafine beclometasone/long-acting bronchodilators

Notes: Density plots showing the distribution of propensity scores for patients treated with extrafine particle fixed dose beclometasone (ef-FDC-BDP) and LABD. The
propensity score represents the estimated probability that each patient is assigned to fp-FDC-F treatment, based on their baseline characteristics (with possible values

ranging from 0 to 1). A rug plot is shown along the x-axis, with a circle representing the propensity score for each patient, providing a compact visualisation of the range of
propensity score values for each treatment (range of propensity scores for LABD: 0.09-0.94; range of propensity scores for LABD: 0.12-0.96).
Abbreviations: LABD, long-acting bronchodilators; FDC, Fixed Dose Combination.

Discussion

Compared with LABD, the initiation of ICS/LABD formulations containing extrafine beclometasone was not associated
with a significantly increased risk of developing pneumonia, and the criterion for non-inferiority was achieved for both
the sensitive and specific definitions of pneumonia. New users of beclomethasone-containing dual or triple therapies had
a statistically significant reduced risk of developing lower respiratory tract infections, requiring prescriptions for

antibiotics, developing exacerbations, and having a period of hospitalisation recorded within their primary care records.

Rates of our study more sensitive definition of pneumonia in both the ef-BDP/LABD and LABD were lower than
anticipated, but comparable to prior studies.

Our real-world results are in line with the results of the TRIBUTE RCT.>* Conversely, both the TRINITY and
FORWARD RCTs reported the use of extrafine formulations containing beclometasone to be associated with an increased

risk of pneumonia when compared to LABD without ICS.>'~*? Notably, assessing ICS use and its associated risk of

pneumonia was not a primary objective of the TRINITY and FORWARD studies; rather it was reported as an adverse

event and had an effect size, measured as an unadjusted absolute risk difference, of 1% and 2% respectively.

31,32 In

comparison to the FORWARD study which had a one year follow up, the effect size (adjusted absolute risk difference)
for ef-BDP use when compared to LABD in the present investigation over the same period of time was —0.4% and —0.3%

event as a TEAE.

for our study sensitive and specific definitions of pneumonia, respectively. Further, differences in pneumonia rates
between ef-BDP containing ICS/LABD and the LABD in these three RCTs highlight the variability of capturing this

effect sizes.*°

Differences in the study populations and how pneumonia was defined may help explain the variation in effects and

The current study was designed to more closely represent what is observed in broader COPD populations, rather than
those included in RCTs. In doing so, observing that extrafine beclometasone formulations do not significantly alter the
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Figure 3 Covariate plot showing standardised mean differences (SMD) for comparison of baseline characteristics for new users of formulations containing extrafine
beclometasone/long-acting bronchodilators or long-acting bronchodilators without ICS before and after propensity score matching.

Notes: acute_ocs, number of acute oral corticosteroid prescriptions; days_prior, number of days available in-patient record prior to index date; ocs_maintenance, number
of maintenance oral corticosteroid prescriptions in baseline period.

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; FEV,, forced expiratory volume in one second; GERD, Gastro-esophageal reflux disease; GOLD,
Global Initiative for Chronic Obstructive Lung Disease; IHD, ischemic heart disease; LAMA, long acting muscarinic antagonist; LTRA, Leukotriene receptor antagonists;
MRC, Medical Research Council; OCS, oral corticosteroids; PS, propensity score; SABA, short-acting beta-agonist; SAMA, short acting muscarinic antagonist; SMD,
standardised mean difference.

risk of pneumonia, and in fact an association with a reduced risk of developing lower-respiratory tract infections was
observed when compared to LABD alone, suggesting variations in the risk profile of ICS drugs when used for the
management of a wider and more diverse clinical population of COPD patients. Potential effect modifiers may explain
a reduced risk profile of ef beclometasone, including particle size, potency and dose used.

In relation to particle size, extrafine formulations of ICS more easily enter the small airways than formulations
containing larger particles.*' This allows to use lower doses of extrafine formulations to mediate the same desired clinical
effect when compared to suspensions with larger particle size,*' which may be advantageous when trying to minimise
adverse effects. Other factors including lipophilicity, which influences retention in the airways, have also been
suggested.””** Collectively, these observations may explain why ef-BDP did not significantly increase the risk of
pneumonia when administered with LABDs to COPD patients in the present study.

As reported in the current investigation, the one-year Kaplan-Meier estimates for cumulative incidence of our study
sensitive definition of pneumonia for both ef-BDP/LABD and LABD groups was close to 2%. This rate is in line with
estimates reported in the TRINITY and FORWARD clinical trials, but is much lower than the annual rate seen in
IMPACT.*"* It is possible this lower rate of pneumonia observed in the present investigation is attributed to the level of
COPD severity within the study population. In comparison to IMPACT, LABD patients in the present investigation had
milder COPD, as evidenced by higher FEV% values and lower exacerbation rates, and the matched ef-BDP/LABD
patients also had milder symptoms.

A key strength of the current investigation was the design which allowed for direct assessment and quantification of
mostly unbiased risk associated with ef-BDP/LABD use when compared to LABD by propensity-matching, minimizing
confounding. Additionally, a robust study population with available medical records over an extensive period serves as
additional strength. The median time for data collection in a patient’s record in the database was 13 years, and this
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Table 2 Hazard Ratios for Comparing Time-to-Event Outcomes for New Users of Formulations Containing Either
Extrafine Beclometasone/Long-Acting Bronchodilators (Ef-BDP/LABD) or Long-Acting Bronchodilators (LABD) in
Propensity Score Matched Samples

Primary outcomes

Sensitive pneumonia definition

Unmatched 13,485 ef-BDP/LABD, 40,915 LABD 1.09 0.98-1.21 P=0.11

Propensity score matched 11,949 ef-BDP/LABD, 11,949 LABD 0.89 0.78-1.02 P =0.08
Specific pneumonia definition

Unmatched 13,485 ef-BDP/LABD, 40,915 LABD 1.14 1.02-1.28 P =0.02

Propensity score matched 11,949 ef-BDP/LABD, 11,949 LABD 0.91 0.78-1.05 P=0.18

Secondary outcomes

LRTI
Unmatched 13,485 ef-BDP/LABD, 40,915 LABD 0.87 0.84-0.91 P <0.001
Propensity score matched 11,949 ef-BDP/LABD, 11,949 LABD 0.76 0.72-0.79 P < 0.001

Exploratory outcomes
Antibiotics prescription

Unmatched 13,485 ef-BDP/LABD, 40,915 LABD 0.88 0.84-0.91 P < 0.001

Propensity score matched 11,949 ef-BDP/LABD, 11,949 LABD 0.8l1 0.77-0.85 P < 0.001
Exacerbation

Unmatched 13,485 ef-BDP/LABD, 40,915 LABD 0.77 0.75-0.80 P < 0.001

Propensity score matched 11,949 ef-BDP/LABD, 11,949 LABD 0.70 0.67-0.73 P < 0.001
Primary care recorded hospitalization

Unmatched 13,485 ef-BDP/LABD, 40,915 LABD 0.68 0.65-0.70 P < 0.001

Propensity score matched 11,949 ef-BDP/LABD, 11,949 LABD 0.67 0.64-0.69 P < 0.001
Pneumonia related hospitalization

Unmatched 13,485 ef-BDP/LABD, 40,915 LABD 1.15 1.00-1.32 P =0.06

Propensity score matched 11,949 ef-BDP/LABD, 11,949 LABD 0.90 0.75-1.07 P =0.23

Abbreviations: BMI, body mass index; Cl, Confidence Interval; extrafine beclometasone/long-acting bronchodilators (ef-BDP/LABD); LABD, long-
acting bronchodilators; LRTI, lower-respiratory tract infection.

lengthy follow-up period allowed for sufficient assessment of pneumonia risk associated with extrafine beclometasone
containing ICS/LABD formulations. The presentation of as-treated data is also important as it considered the actual
period during which patients were at-risk of pneumonia and other respiratory related adverse effects of their treatment.
Finally, use of a propensity score matching process with a calliper helped minimise residual confounding bias by
ensuring a high level of balance between the groups across a wide range of measured covariates.

With respect to limitations, it should be noted that the current investigation does not allow for exploration of
how pneumonia risk varies with the use of mono or dual LABDs in both the ICS/LABD or LABD in isolation
groups. Time to event analysis was also only conducted for the first event, meaning any subsequent pneumonia
event/s were not captured in the current analysis. The exploratory analysis of time to event for acute OCS use and
antibiotics prescriptions were also not qualified specifically for COPD exacerbations and pneumonia respectively.
Additionally, COPD patients who had no smoking history were excluded from this study, as they have been shown
to have milder COPD symptoms, less inflammation and fewer comorbidities than current or former smokers.*?
Finally, this study does not provide direct comparisons between different ICS-containing fixed-dose combinations, or
different dosages, and further research on the impact of different ICS on the lung microbiome and immune system

are needed to further shed light on these intra-class differences.
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Figure 4 Hazard ratios for sensitive- and specific-pneumonia definitions for extrafine beclometasone/long-acting bronchodilators or long acting bronchodilators (LABD) in

unmatched and propensity score matched analyses.
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Figure 5 Kaplan-Meier survival curves for the time to pneumonia (sensitive definition) for new users of FDC extrafine beclometasone/long acting bronchodilators or long
acting bronchodilators (LABD) in propensity score matched samples (as-treated).
Abbreviations: ef-BDP/LABD, extrafine beclometasone/long-acting bronchodilators; LABD, long-acting bronchodilators.
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Figure 6 Kaplan-Meier survival curves for the time to pneumonia (specific definition) for new users of FDC extrafine beclometasone/long acting bronchodilators or long
acting bronchodilators (LABD) in propensity score matched samples (as-treated).
Abbreviations: ef-BDP/LABD, extrafine beclometasone/long-acting bronchodilators; LABD, long-acting bronchodilators.
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Figure 7 Kaplan-Meier survival curves for the time to lower respiratory tract infection (LRTI) for new users of FDC extrafine beclometasone/long acting bronchodilators or
long acting bronchodilators (LABD) in propensity score matched samples (as-treated).
Abbreviations: ef-BDP/LABD, extrafine beclometasone/long-acting bronchodilators; LABD, long-acting bronchodilators; LRTI, lower respiratory tract infection.
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Conclusion

In comparison to LABD, commencement ef-BDP/LABD formulations was not associated with a significant increased
risk of developing pneumonia in a large propensity matched real-world cohort of COPD patients, and therefore non-
inferiority vs LABD was achieved; this effect at 1 year was sustained up to 6 years of observation. New users of ef-BDP
/LABD also had a significantly reduced risk of lower-respiratory tract infections compared to LABD therapy.
Collectively, this suggests that extrafine beclometasone formulations for the management of COPD are not associated
with an increased risk of pneumonia in a diverse real-world clinical population, contrary to what has been reported in
some randomised controlled trials. Notably, this could be attributed to molecular potency, lung deposition and formula-
tion characteristics of extrafine beclometasone, as well as differences in the clinical features of the populations involved.

Abbreviations

ADEPT, Anonymised Data Ethics Protocols and Transparency; BMI, Body mass index; CI, Confidence Interval; COPD,
Chronic Obstructive Pulmonary Disease; ef-BDP, extrafine beclometasone; ef-FDC-BDP, extrafine particle fixed dose
beclometasone; ENCePP, European Network Centers for Pharmacoepidemiology and Pharmacovigilance; FEV1, Forced
Expiratory Volume 1; fp-FDC-F, fine-particle fixed dose fluticasone; fp-FDC-FF, fine-particle fixed dose fluticasone
furoate; fp-FDC-FP, fine-particle fixed dose fluticasone propionate; GOLD, Global Initiative for Chronic Obstructive
Pulmonary Disease; HR, Hazard Ratio; ICS, inhaled corticosteroids; LABA, long-acting beta-2 agonists; LABD, long-
acting bronchodilators; LAMA, long-acting muscarinic antagonists; LRTI, lower-respiratory tract infection; mMRC,
modified Medical Research Council; OPCRD, Optimum Patient Care Research Database; RCT, randomized controlled
trial; URTI, upper-respiratory tract infection.
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