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Abstract

Chronic obstructive pulmonary disease (COPD) is a major global health burden. The
fluticasone furoate (FF)/umeclidinium (UMEC)/vilanterol (VI) triple therapy provides
new treatment, but its long-term real-world safety lacks evidence. A post-marketing anal-
ysis used the FAERS database to identify adverse event (AE) signals for FF/UMEC/VI.
Disproportionality methods including reporting odds ratio (ROR), proportional report-
ing ratio (PRR), information component (IC), and empirical Bayesian geometric mean
(EBGM), were applied to detect AE signals, focusing on reports from third quarter (Q3)
2019 to Q3 2024. Among 16,238 reports listing FF/UMEC/VI as primary suspect, signif-
icant AE signals occurred in ‘injury, poisoning and procedural complications’ (n = 9067,
ROR 2.46, PRR 2.08, IC 1.06, EBGM 2.08), and ‘respiratory, thoracic and mediastinal disor-
ders’ (n = 6567, ROR 4.87, PRR 4.15, IC 2.05, EBGM 4.13). A total of 196 significantly dis-
proportionate preferred terms (PTs) were identified, including previously undocumented
AEs such as chronic eosinophilic rhinosinusitis, dysphonia, and vocal cord dysfunction.
This post-marketing safety study revealed significant signals for dysphonia and vocal
cord dysfunction associated with FF/UMEC/VI, suggesting that clinicians should remain
vigilant for these events.

Keywords: COPD; fluticasone furoate; umeclidinium; vilanterol; adverse event; FAERS

1. Introduction
Chronic obstructive pulmonary disease (COPD) is a prevalent, chronic inflammatory

airway disorder characterized by persistent airflow limitation and dyspnea [1,2]. Its global
health burden has risen by 25.7% over the past three decades, generating substantial
medical and socioeconomic costs [3,4]. Although long-acting bronchodilators and inhaled
corticosteroids (ICS) mitigate symptoms, they do not fully address pulmonary micro-
thrombosis, cardiovascular complications, or other systemic sequelae [5–7]. Consequently,
identifying therapeutic regimens with both superior efficacy and an acceptable safety
profile remains a clinical priority.

To effectively control COPD symptoms, the combination therapy of long-acting mus-
carinic antagonists (LAMAs) and long-acting beta2 agonists (LABAs) has emerged as a
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crucial strategy in the treatment of COPD [8]. However, there remains room for improve-
ment in its efficacy. Triple therapy with fluticasone furoate (FF), umeclidinium (UMEC),
and vilanterol (VI) is a novel inhaled therapeutic regimen that integrates ICS, LABA, and
LAMA [9,10]. This combination has been demonstrated to significantly improve lung
function and quality of life in COPD patients, owing to its comprehensive approach to
airway inflammation control and bronchodilation [11–13]. Despite the FF/UMEC/VI triple
therapy having shown significant efficacy in clinical trials, there is a lack of studies on its
long-term safety and adverse events (AEs) in the real world.

The FDA Adverse Event Reporting System (FAERS) database, as a vital resource in
pharmacovigilance research, offers a platform for the global scientific community to monitor
and analyze drug-related AEs [14]. Pharmacovigilance studies utilizing spontaneous
reporting systems like FAERS are critical for identifying rare or long-term safety signals
not captured in clinical trials. We endeavor to mine and analyze post-marketing AE signals
associated with FF/UMEC/VI triple therapy using the FAERS database. Signal detection
through disproportionality analysis provides a validated methodology to screen potential
drug-event associations in real-world populations. For FF/UMEC/VI—a triple-therapy
agent—evaluating post-marketing safety is essential given its recent approval (2019) and
limited real-world safety data beyond registration studies.

The aim of this study is to clarify the safety profile of this treatment regimen in real-
world clinical settings, and mine AEs compared to the traditional FF/VI therapy. This
analysis may improve our understanding of the safety of triple therapy across diverse
patient populations, identify potential risk factors, and provide critical data to support
ongoing clinical research and drug development initiatives.

2. Materials and Methods
2.1. Study Design and Data Sources

An observational, retrospective disproportionality analysis based on a case/non-case
study design was conducted to investigate AEs associated with FF/UMEC/VI, utilizing
data from the FAERS database. As FF/UMEC/VI received FDA approval on 18 November
2019, the analysis included all reports submitted to FAERS from the third quarter of 2019
(Q3) to the third quarter of 2024 (Q3).

2.2. Data Extraction

The FAERS data were obtained from the FDA’s official website at https://www.fd
a.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fd
a-adverse-event-reporting-system-faers-public-dashboard (accessed on 17 December
2024). The database was searched for reports containing ‘Trelegy Ellipta’ (brand name) or
‘fluticasone furoate/umeclidinium/vilanterol’ (generic name) for the triple therapy, and
‘Breo Ellipta’ or ‘fluticasone furoate/vilanterol’ for FF/VI. To ensure the accuracy of the
drug-AE associations, the analysis focused only on reports in which the target drugs were
explicitly identified as the primary suspect (PS) drugs. To eliminate duplicate entries, we
followed FDA guidelines by selecting the most recent FDA report date for duplicate Unique
case version identifier [15], and, in cases where both the FDA report date and Unique case
identifier were identical, the higher Unique case version identifier was retained. FAERS
literature-derived cases were included in the dataset. Duplicates between literature and
spontaneous reports were resolved using the same Unique case version identifier/FDA
report date prioritization method. Detailed information, including patient characteristics
(e.g., sex and age), reporting region, outcomes, and time-to-onset (TTO), was subsequently
retrieved and analyzed. The workflow for FAERS data handling and analysis-covering
data retrieval from core files (DEMO: Demographic/administrative file, DRUG: Drug
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information file, REAC: Reaction file)-is illustrated in Figure 1. All AEs were coded using
the preferred terms (PT) and primary system organ class (SOC) classifications from the
Medical Dictionary for Regulatory Activities (MedDRA, version 26.0, English).

Figure 1. Flowchart of data collection process. FF, fluticasone furoate; UMEC, umeclidinium; VI,
vilanterol; DEMO, Demographic/administrative file; DRUG, Drug information file; REAC, Reaction
file; PS, primary suspect.

2.3. Statistical Analysis

In this study, disproportionality methods, including reporting odds ratio (ROR),
proportional reporting ratio (PRR), information component (IC), and empirical Bayesian
geometric mean (EBGM), were simultaneously employed to detect AE signals based on
a 2 × 2 contingency table [16]. A significant signal was defined as an association with at
least three case reports and concurrently meeting the thresholds for all four algorithms:
ROR (lower limit of the 95%CI > 1), PRR (≥2 with χ2 ≥ 4), IC (IC025 > 0), and EBGM
(EBGM05 ≥ 2). Expected events were those already listed in the drug label. Signals that
were not documented in the drug label were classified as unexpected signals, which may
represent potential new safety concerns requiring further clinical evaluation to assess
causality. Higher values in these measures indicate greater statistical disproportionality
in reporting frequency, which may suggest a potential association between the drug and
AE. Furthermore, we conducted a direct comparative analysis of AE profiles between
FF/UMEC/VI and FF/VI to evaluate the specific safety impact of adding UMEC to the
FF/VI dual therapy regimen. All data mining and statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Descriptive Analysis

From 2019 (Q3) to 2024 (Q3), a total of 8,747,186 AE reports were recorded in the FAERS
database. After removing duplicates, 16,238 reports were identified with FF/UMEC/VI as
the primary suspected drug, while 6554 reports were associated with FF/VI (Table 1). The
proportion of male patients exceeded that of female patients for both drugs under study
(46.09% vs. 30.47% for FF/UMEC/VI, and 54.43% vs. 18.70% for FF/VI, respectively). The
median age for patients associated with FF/UMEC/VI and FF/VI was 72 years (IQR: 65–79)
and 70 years (IQR: 60–78), respectively. The median onset time for FF/UMEC/VI-related
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AEs was 45 days (IQR: 6–364.5), while that for FF/VI-related AEs was 35 days (IQR: 3–453.5)
(Figure 2a). Among serious event outcomes, hospitalization rates were 40.1% and 41.7%
with FF/UMEC/VI and FF/VI treatment, respectively (Figure 2b).

Figure 2. Time to onset of FF/UMEC/VI and FF/VI-related adverse events. (a) onset times of
adverse events. (b) serious events. FF, fluticasone furoate; UME, umeclidinium; VI, vilanterol; IQR,
interquartile range.

Table 1. Demographic and clinical characteristics of patients treated with FF/UMEC/VI and FF/VI.

Characteristics FF/UMEC/VI FF/VI p Value

Total 16,238 6554
Sex, n (%) <0.001

Female 4948 (30.47) 1881 (28.70)
Male 7484 (46.09) 3895 (59.43)
Missing 3806 (23.44) 778 (11.87)

Age (year), n (%) <0.001
<18 22 (0.14) 19 (0.29)
18≤ and <65 887 (5.46) 590 (9.00)
≥65 2847 (17.53) 1090 (16.63)
Missing 12,482 (76.87) 4855 (74.08)
Median (IQR) 72 (65, 79) 70 (60, 78)

Reporting country, n (%) <0.001
United States 14,636 (90.13) 6489 (99.01)
Non-United States 1602 (9.87%) 65 (0.99)
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Table 1. Cont.

Characteristics FF/UMEC/VI FF/VI p Value

Reporter, n (%) <0.001
Consumer 13,964 (86.00) 6085 (92.84)
Health professional 786 (4.84) 162 (2.47)
Physician 1001 (6.16) 163 (2.49)
Pharmacist 444 (2.73) 131 (2.00)
Missing 43 (0.26) 33 (0.50)

Reporting year, n (%) <0.001
2019 891 (5.49) 1185 (18.08)
2020 2702 (16.64) 1299 (19.82)
2021 2911 (17.93) 549 (8.38)
2022 3479 (21.43) 954 (14.56)
2023 3461 (21.31) 1890 (28.84)
2024 2794 (17.21) 677 (10.33)

Abbreviations: FF, fluticasone furoate; UMEC, umeclidinium; VI, vilanterol.

3.2. System Organ Class Disproportionality Analysis

In the disproportionate analysis of SOCs, we identified 27 organ systems that were
involved in FF/UMEC/VI-induced AEs (Tables 2 and S1). The significant SOCs that met
three criteria were ‘injury, poisoning and procedural complications’ (n = 9067, ROR 2.46,
PRR 2.08, IC 1.06, EBGM 2.08), ‘respiratory, thoracic and mediastinal disorders’ (n = 6567,
ROR 4.87, PRR 4.15, IC 2.05, EBGM 4.13), and Product issues (n = 1915, ROR 2.98, PRR 2.87,
IC 1.52, EBGM 2.86).

Table 2. FF/UMEC/VI AE signal strength vs. other drugs ranked by SOC frequency.

SOC n ROR
(95% CI) PRR (χ2) IC

(IC025)
EBGM

(EBGM05)

Injury, poisoning and procedural
complications 9067 2.46 (2.40, 2.52) 2.08 (5810.78) 1.06 (1.02) 2.08 (2.04)

Respiratory, thoracic and mediastinal
disorders 6567 4.87 (4.74, 5.00) 4.15 (16,324.16) 2.05 (2.01) 4.13 (4.04)

General disorders and
administration site conditions 5215 0.81 (0.79, 0.83) 0.84 (198.86) 0.26 (0.3) 0.84 (0.82)

Infections and infestations 2142 1.09 (1.04, 1.13) 1.08 (13.49) 0.11 (0.05) 1.08 (1.04)
Product issues 1915 2.98 (2.84, 3.12) 2.87 (2367.56) 1.52 (1.45) 2.86 (2.75)
Gastrointestinal disorders 1547 0.54 (0.51, 0.57) 0.56 (573.31) 0.83 (0.91) 0.56 (0.54)
Nervous system disorders 1439 0.54 (0.52, 0.57) 0.56 (526.82) 0.83 (0.91) 0.56 (0.54)
Surgical and medical procedures 1210 2.36 (2.23, 2.50) 2.31 (913.40) 1.21 (1.12) 2.31 (2.20)
Investigations 804 0.38 (0.35, 0.41) 0.39 (796.60) 1.34 (1.45) 0.39 (0.37)
Musculoskeletal and connective
tissue disorders 776 0.42 (0.39, 0.45) 0.43 (611.29) 1.21 (1.32) 0.43 (0.41)

Eye disorders 666 0.97 (0.90, 1.05) 0.97 (0.45) 0.04 (0.15) 0.97 (0.91)
Cardiac disorders 649 0.95 (0.88, 1.02) 0.95 (1.86) 0.08 (0.19) 0.95 (0.89)
Psychiatric disorders 549 0.28 (0.26, 0.30) 0.29 (999.66) 1.78 (1.90) 0.29 (0.27)
Renal and urinary disorders 533 0.82 (0.75, 0.89) 0.82 (21.45) 0.29 (0.41) 0.82 (0.76)
Neoplasms benign, malignant and
unspecified (incl cysts and polyps) 518 0.37 (0.34, 0.41) 0.38 (533.60) 1.38 (1.51) 0.38 (0.36)

Skin and subcutaneous tissue
disorders 467 0.23 (0.21, 0.26) 0.24 (1156.84) 2.03 (2.17) 0.24 (0.23)

Vascular disorders 241 0.37 (0.32, 0.42) 0.37 (259.96) 1.42 (1.61) 0.37 (0.34)
Immune system disorders 193 0.47 (0.41, 0.55) 0.48 (112.15) 1.07 (1.28) 0.48 (0.42)
Social circumstances 190 1.13 (0.98, 1.31) 1.13 (2.99) 0.18 (0.03) 1.13 (1.01)
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Table 2. Cont.

SOC n ROR
(95% CI) PRR (χ2) IC

(IC025)
EBGM

(EBGM05)

Metabolism and nutrition disorders 169 0.25 (0.21, 0.29) 0.25 (386.34) 2.00 (2.22) 0.25 (0.22)
Ear and labyrinth disorders 92 0.64 (0.52, 0.78) 0.64 (18.71) 0.64 (0.94) 0.64 (0.54)
Reproductive system and breast
disorders 59 0.28 (0.22, 0.36) 0.28 (109.82) 1.83 (2.21) 0.28 (0.23)

Blood and lymphatic system
disorders 46 0.07 (0.06, 0.10) 0.08 (525.00) 3.71 (4.14) 0.08 (0.06)

Hepatobiliary disorders 23 0.08 (0.05, 0.12) 0.08 (249.66) 3.66 (4.25) 0.08 (0.06)
Endocrine disorders 23 0.25 (0.16, 0.37) 0.25 (53.21) 2.02 (2.61) 0.25 (0.18)

Abbreviations: FF, fluticasone furoate; UMEC, umeclidinium; VI, vilanterol; SOC, system organ class; ROR,
reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; χ2, chi-squared; IC, information
component; EBGM, empirical Bayesian geometric mean.

3.3. Preferred Terms Disproportionality Analysis

We further examined the PT signals and identified a total of 196 significantly dispropor-
tionate PTs that met the criteria of all four algorithms for FF/UMEC/VI. In this study, these
PTs were ranked by ROR, and the top 10 are presented in Table 3, while the other significant
PTs ranked by frequency were detailed in Table S2. Notably, we identified strong AE signals
that were not documented in the drug labels, including chronic eosinophilic rhinosinusitis
(n = 3, ROR = 96.32, PRR = 96.31), dysphonia (n = 639, ROR = 21.07, PRR = 20.71), and vocal
cord dysfunction (n = 9, ROR = 16.71, PRR = 16.30), all of which were all unexpected AEs.
In addition, the significant AEs included bronchospasm paradoxical (n = 5, ROR = 50.97,
PRR = 50.96), candida infection (n = 564, ROR = 54.86, PRR = 24.68), and decreased urine
flow (n = 17, ROR = 19.68, PRR = 19.67), which were consistent with the drug instruction.

Table 3. Top 10 AE signal strength of FF/UMEC/VI vs. other drugs ranked by PT ROR.

SOC PT n ROR (95% CI) PRR (χ2) IC (IC025) EBGM
(EBGM05)

Respiratory,
thoracic and
mediastinal

disorders

Chronic eosinophilic
rhinosinusitis 3 96.32 (28.62, 324.16) 96.31 (246.06) 6.39 (4.83) 83.88 (30.39)

Bronchospasm
paradoxical 5 50.97 (20.5, 126.71) 50.96 (226.89) 5.56 (4.34) 47.29 (22.07)

Dysphonia 639 21.07 (19.46, 22.81) 20.71 (11,620.28) 4.33 (4.21) 20.09 (18.8)
Vocal cord

dysfunction 9 16.71 (8.62, 32.38) 16.70 (129.49) 4.03 (3.1) 16.3 (9.37)

Paranasal sinus
inflammation 4 16.36 (6.06, 44.14) 16.36 (56.25) 4 (2.69) 15.98 (6.96)

Injury,
poisoning and

procedural
complications

Foreign body in
mouth 5 48.65 (19.6, 120.76) 48.64 (216.89) 45.29 (21.16) 5.5 (4.27)

Infections and
infestations

Oropharyngeal
candidiasis 14 30.9 (18.07, 52.84) 30.89 (386.34) 29.52 (18.84) 4.88 (4.12)

Candida infection 264 24.86 (21.97, 28.12) 24.68 (5777.46) 23.8 (21.47) 4.57 (4.39)
Gastrointestinal

disorders Coating in mouth 10 29.46 (15.63, 55.54) 29.45 (262.82) 4.82 (3.93) 28.21 (16.59)

Renal and
urinary

disorders

Urine flow
decreased 17 19.68 (12.14, 31.89) 19.67 (292.27) 4.26 (3.57) 19.11 (12.76)

Abbreviations: FF, fluticasone furoate; UMEC, umeclidinium; VI, vilanterol; SOC, system organ class; PT, preferred
terms; ROR, reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; χ2, chi-squared; IC,
information component; EBGM, empirical Bayesian geometric mean.



Pharmacy 2025, 13, 178 7 of 11

3.4. The Comparison Among FF/UMEC/VI and FF/VI

At the SOC level, comparative disproportionality analysis revealed significantly lower
reporting of ‘injury, poisoning and procedural complications’ for FF/UMEC/VI versus
FF/VI (n = 9607, ROR = 0.76, PRR = 0.82; Table S3). No significant difference was observed
for ‘respiratory, thoracic and mediastinal disorders’ (n = 6567, ROR = 1.02, PRR = 1.02).

Table 4 lists the top 10 most significant AE signals based on PT levels when compared
with FF/VI. In addition to decreased blood pressure (n = 18, ROR = 7.86, PRR = 7.85), other
top significant AE signals were consistent with the drug’s prescribing information. These
included urinary retention (n = 157, ROR = 8.60, PRR = 8.56), paradoxical bronchospasm
(n = 93, ROR = 6.78, PRR = 6.76), and constipation (n = 84, ROR = 3.34, PRR = 3.33).

Table 4. The top 10 signal strengths of AEs of FF/UMEC/VI compared with FF/VI at the PT level.

SOC PT n ROR (95%CI) PRR (χ2)

Renal and urinary disorders
Urinary retention 157 8.60 (4.22, 17.50) 8.56 (51.01)

Bronchospasm paradoxical 93 6.78 (2.97, 15.48) 6.76 (27.73)
Pollakiuria 55 2.67(1.32, 5.40) 2.67 (8.06)

Gastrointestinal disorders
Lip swelling 30 2.62 (1.02, 6.75) 2.62 (4.29)
Constipation 84 3.34 (1.78, 6.26) 3.33 (15.90)

Abdominal discomfort 49 2.38 (1.17, 4.84) 2.38 (6.06)
Investigations Blood pressure decreased 18 7.86 (1.05, 58.86) 7.85 (5.67)

Nervous system disorders Taste disorder 63 3.06 (1.52, 6.15) 3.05 (10.89)
Eye disorders Vision blurred 145 3.02 (1.91, 4.78) 3.01 (24.74)

Infections and infestations Urinary tract infection 74 2.15 (1.24, 3.75) 2.15 (7.71)
Abbreviations: FF, fluticasone furoate; UMEC, umeclidinium; VI, vilanterol; SOC, system organ class; PT, preferred
terms; ROR, reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; χ2, chi-squared.

4. Discussion
Most studies have evaluated the association between individual drugs and AEs [17],

whereas this study focused on the FF/UMEC/VI triple combination therapy. We found
that among the 16,238 AEs reported after the market launch of the FF/UMEC/VI triple
therapy in the FAERS database, the primary signals were ‘injury, poisoning and procedural
complications’ and ‘respiratory, thoracic and mediastinal disorders’. The results were similar
to the types of AEs observed in some clinical trials, further confirming the commonality of
these AEs in the treatment with this class of drugs [18–20]. The FULFIL study showed that
FF/UMEC/VI significantly improved FEV1 values and SGRQ scores, and reduced the rate
of moderate/severe acute exacerbations compared to budesonide and formoterol [21]. The
IMPACT trial indicated that FF/UMEC/VI was effective in reducing all-cause mortality com-
pared with dual therapy drugs [22,23]. Although the FF/UMEC/VI triple therapy has higher
drug costs, the overall cost-effectiveness was still superior to the budesonide/formoterol
therapy due to the reduction in acute exacerbations and other related expenses [24]. These
research findings provide important reference for health policy-makers.

Further analysis of the PT signals identified 196 significantly disproportionate PTs,
including some strong AE signals that were not recorded in the drug labels, such as chronic
eosinophilic rhinosinusitis, dysphonia, and vocal cord dysfunction, which may be related
to the diversity and complexity of patient populations in the real world. Eosinophils have
diverse multifaceted immunobiological characteristics, which exacerbate local inflamma-
tory responses in the development of chronic eosinophilic rhinosinusitis [25]. Patients with
an eosinophilic COPD phenotype exhibit a T2-high inflammation driven by cytokines like
IL-5, IL-4, and IL-13, which promotes eosinophil recruitment and activation in both the
bronchial and sinus mucosa. In this context, the effective control of lower airway symptoms
by FF/UMEC/VI may bring pre-existing or concomitant chronic eosinophilic rhinosinusitis
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into sharper clinical focus. Most patients with chronic eosinophilic rhinosinusitis have high
viscous nasal secretions, accompanied by olfactory dysfunction and multiple bilateral nasal
polyps [26]. Voice disorders are the most common local side effects of ICS, which may be
due to the cause of inflammation and candidiasis caused by the deposition of steroids on
the laryngeal mucosa [27]. A case–control study showed that the use of steroid inhalers
was associated with a 5.11-fold increased risk of dysphonia compared with the control
group [28]. These findings suggest that we need to pay more attention to these potential
risks when using the FF/UMEC/VI triple therapy in clinical practice. These potential
safety signals require confirmation through well-designed studies before regulatory con-
sideration [29]. If validated, their inclusion in risk management plans would optimize
safety monitoring.

In addition, FF/UMEC/VI shows differences in the proportion of certain AEs com-
pared to FF/VI, which may be related to its multiple mechanisms of action. FF is an inhaled
corticosteroid with anti-inflammatory activity [30]. VI is a selective long-acting β2 receptor
agonist that can relax bronchial smooth muscle and relieve bronchospasm [31]. UMEC is a
long-acting muscarinic receptor antagonist that produces bronchodilation by competitively
inhibiting the binding of acetylcholine to the M3 muscarinic receptors on the airway smooth
muscle [32]. It is important to note that the signal for decreased blood pressure appears
pharmacologically inconsistent with the known profiles of UMEC and VI. Therefore, this
statistical signal should not be interpreted as a direct adverse drug effect. It is more likely
attributable to confounding factors inherent in the real-world COPD population, such as
the widespread use of concomitant antihypertensive medications and the high burden of
underlying cardiovascular diseases, which can lead to events being reported in temporal
association with drug use without a causal relationship. The longer median TTO for AEs
with FF/UMEC/VI (45 days) versus FF/VI (35 days) is likely attributable to channeling
bias, as triple therapy is typically reserved for patients with more severe COPD, which may
alter AE reporting patterns.

Through the synergistic action of the above mechanisms, the FF/UMEC/VI triple
therapy can significantly improve lung function in COPD patients, reduce the frequency
of acute exacerbations, and improve quality of life [9,20]. Additionally, based on these
mechanisms of action, FF/UMEC/VI has recently been used in the treatment of asthma
with significant efficacy [33,34]. However, quantitative analysis shows specific increases
in urinary retention (Absolute Risk Reduction, ARR = 2.8), constipation (ARR = 1.9), and
dry mouth (ARR = 1.7), consistent with UMEC’s M3 muscarinic receptor antagonism that
impairs smooth muscle contractility. Importantly, no significant risk elevation occurred
for corticosteroid- or β2-agonist-related events (candidiasis and tremor), confirming these
effects originate specifically from UMEC.

Although this study provides valuable information, there are also some limitations.
Firstly, reporting bias and underreporting are inherent to spontaneous reporting systems;
the database may over-represent serious or well-known events while missing a substantial
number of actual cases, affecting the comprehensiveness of the data. Secondly, a critical
limitation is the lack of denominator data; because the total number of patients treated is
missing, we cannot calculate the incidence of adverse events and are limited to analyzing
reporting proportions. Furthermore, the variable quality and completeness of clinical data
precluded stratified analyses by patient age, sex, report seriousness, or specific comorbidi-
ties, which would have offered deeper insights. Consequently, we are unable to establish
causality between AEs and drugs based on these data alone. Notably, no methods beyond
disproportionality analysis were employed to assess causality or control for confound-
ing factors, and the lack of detailed patient information (e.g., baseline health status and
concomitant medication use) further complicates causal inference.
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5. Conclusions
In summary, this study characterizes the real-world safety profile of FF/UMEC/VI

triple therapy and detects novel pharmacovigilance signals requiring further validation.
Clinicians need to not only pay attention to common AEs but also be alert to dysphonia and
vocal cord dysfunction AE signals when using FF/UMEC/VI. These findings provide a
basis for the rational use of drugs in clinical practice to offer data support for future research
and drug regulation. Despite the significant therapeutic effects demonstrated in clinical
trials, the safety of the treatment still needs to be closely monitored in practical applications.
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w.mdpi.com/article/10.3390/pharmacy13060178/s1, Table S1: FF/UMEC/VI AE signal strength
vs. other drugs ranked by SOC frequency; Table S2: Top 30 FF/UMEC/VI AE Ranked by Frequency
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UMEC Umeclidinium
VI Vilanterol

References
1. Ferrera, M.C.; Labaki, W.W.; Han, M.K. Advances in chronic obstructive pulmonary disease. Annu. Rev. Med. 2021, 72, 119–134.

[CrossRef] [PubMed]
2. Christenson, S.A.; Smith, B.M.; Bafadhel, M.; Putcha, N. Chronic obstructive pulmonary disease. Lancet 2022, 399, 2227–2242.

[CrossRef]
3. Li, H.; Liang, H.; Wei, L.; Shi, D.; Su, X.; Li, F.; Zhang, J.; Wang, Z. Health inequality in the global burden of chronic obstructive

pulmonary disease: Findings from the global burden of disease study 2019. Int. J. Chronic Obstr. Pulm. Dis. 2022, 17, 1695–1702.
[CrossRef]

4. Tranmer, J.; Rotter, T.; O’Donnell, D.; Marciniuk, D.; Green, M.; Kinsman, L.; Li, W. Determining the influence of the primary
and specialist network of care on patient and system outcomes among patients with a new diagnosis of chronic obstructive
pulmonary disease (COPD). BMC Health Serv. Res. 2022, 22, 1210. [CrossRef] [PubMed]

5. André, S.; Conde, B.; Fragoso, E.; Boléo-Tomé, J.P.; Areias, V.; Cardoso, J. COPD and cardiovascular disease. Pulmonology 2019, 25,
168–176. [CrossRef] [PubMed]

6. Zheng, J.; Zhou, R.; Zhang, Y.; Su, K.; Chen, H.; Li, F.; Hukportie, D.N.; Niu, F.; Yiu, K.; Wu, X. Preserved ratio impaired spirometry
in relationship to cardiovascular outcomes. Chest 2023, 163, 610–623. [CrossRef]

7. Kahnert, K.; Jörres, R.A.; Behr, J.; Welte, T. The diagnosis and treatment of COPD and its comorbidities. Dtsch. Ärztebl. Int. 2023,
120, 434–444. [CrossRef]

8. Calzetta, L.; Matera, M.G.; Cazzola, M. Pharmacological interaction between LABAs and LAMAs in the airways: Optimizing
synergy. Eur. J. Pharmacol. 2015, 761, 168–173. [CrossRef]

9. Lopez-Campos, J.L.; Carrasco-Hernandez, L.; Quintana-Gallego, E.; Calero-Acuña, C.; Márquez-Martín, E.; Ortega-Ruiz, F.;
Soriano, J.B. Triple therapy for COPD: A crude analysis from a systematic review of the evidence. Ther. Adv. Respir. Dis. 2019, 13,
1–13. [CrossRef]

10. Worsley, S.; Snowise, N.; Halpin, D.M.G.; Midwinter, D.; Ismaila, A.S.; Irving, E.; Sansbury, L.; Tabberer, M.; Leather, D.; Compton,
C. Clinical effectiveness of once-daily fluticasone furoate/umeclidinium/vilanterol in usual practice: The COPD INTREPID
study design. ERJ Open Res. 2019, 5, 00061-2019. [CrossRef]

11. Ismaila, A.S.; Haeussler, K.; Czira, A.; Youn, J.-H.; Malmenäs, M.; Risebrough, N.A.; Agarwal, J.; Nassim, M.; Sharma, R.;
Compton, C.; et al. Fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) triple therapy compared with other therapies
for the treatment of COPD: A network meta-analysis. Adv. Ther. 2022, 39, 3957–3978. [CrossRef]

12. Beeh, K.-M.; Scheithe, K.; Schmutzler, H.; Krüger, S. Real-world effectiveness of fluticasone furoate/umeclidinium/vilanterol
once-daily single-inhaler triple therapy for symptomatic COPD: The ELLITHE non-interventional trial. Int. J. Chronic Obstr. Pulm.
Dis. 2024, 19, 205–216. [CrossRef] [PubMed]

13. Bansal, S.; Anderson, M.; Anzueto, A.; Brown, N.; Compton, C.; Corbridge, T.C.; Erb, D.; Harvey, C.; Kaisermann, M.C.; Kaye, M.;
et al. Single-inhaler fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) triple therapy versus tiotropium monotherapy
in patients with COPD. Npj Prim. Care Respir. Med. 2021, 31, 29. [CrossRef]

14. Zhang, Y.; Zhou, C.; Liu, Y.; Hao, Y.; Wang, J.; Song, B.; Yu, J. Adverse event signal mining and severe adverse event influencing
factor analysis of Lumateperone based on FAERS database. Front. Pharmacol. 2024, 15, 1472648. [CrossRef] [PubMed]

15. Sakaeda, T.; Tamon, A.; Kadoyama, K.; Okuno, Y. Data Mining of the Public Version of the FDA Adverse Event Reporting System.
Int. J. Med. Sci. 2013, 10, 796–803. [CrossRef] [PubMed]

https://doi.org/10.1146/annurev-med-080919-112707
https://www.ncbi.nlm.nih.gov/pubmed/33502902
https://doi.org/10.1016/S0140-6736(22)00470-6
https://doi.org/10.2147/COPD.S369120
https://doi.org/10.1186/s12913-022-08588-w
https://www.ncbi.nlm.nih.gov/pubmed/36171574
https://doi.org/10.1016/j.pulmoe.2018.09.006
https://www.ncbi.nlm.nih.gov/pubmed/30527374
https://doi.org/10.1016/j.chest.2022.11.003
https://doi.org/10.3238/arztebl.m2023.0027
https://doi.org/10.1016/j.ejphar.2015.05.020
https://doi.org/10.1177/1753466619885522
https://doi.org/10.1183/23120541.00061-2019
https://doi.org/10.1007/s12325-022-02231-0
https://doi.org/10.2147/COPD.S427770
https://www.ncbi.nlm.nih.gov/pubmed/38249826
https://doi.org/10.1038/s41533-021-00241-z
https://doi.org/10.3389/fphar.2024.1472648
https://www.ncbi.nlm.nih.gov/pubmed/39376606
https://doi.org/10.7150/ijms.6048
https://www.ncbi.nlm.nih.gov/pubmed/23794943


Pharmacy 2025, 13, 178 11 of 11

16. Shi, X.; Qiao, Y.; Yang, Y.; Wang, N.; Zhang, Y.; Shi, S.; Shen, G.; Jia, X. Mining of adverse event signals associated with inclisiran:
A post-marketing analysis based on FAERS. Expert Opin. Drug Saf. 2024, 24, 1453–1458. [CrossRef]

17. Tse, G.; Emmanuel, B.; Ariti, C.; Bafadhel, M.; Papi, A.; Carter, V.; Zhou, J.; Skinner, D.; Xu, X.; Müllerová, H.; et al. A long-term
study of adverse outcomes associated with oral corticosteroid use in COPD. Int. J. Chronic Obstr. Pulm. Dis. 2023, 18, 2565–2580.
[CrossRef]

18. Lipson, D.A.; Barnhart, F.; Brealey, N.; Brooks, J.; Criner, G.J.; Day, N.C.; Dransfield, M.T.; Halpin, D.M.G.; Han, M.K.; Jones,
C.E.; et al. Once-Daily Single-Inhaler Triple versus Dual Therapy in Patients with COPD. N. Engl. J. Med. 2018, 378, 1671–1680.
[CrossRef]

19. Ferguson, G.T.; Brown, N.; Compton, C.; Corbridge, T.C.; Dorais, K.; Fogarty, C.; Harvey, C.; Kaisermann, M.C.; Lipson, D.A.;
Martin, N.; et al. Once-daily single-inhaler versus twice-daily multiple-inhaler triple therapy in patients with COPD: Lung
function and health status results from two replicate randomized controlled trials. Respir. Res. 2020, 21, 131. [CrossRef]

20. Ohtsuka, K.; Harada, N.; Horiuchi, A.; Umemoto, S.; Kurabatashi, R.; Yui, A.; Yamamura, H.; Shinka, Y.; Miyao, N. Therapeutic
response to single-inhaler triple therapies in moderate-to-severe COPD. Respir. Care 2023, 68, 330–337. [CrossRef]

21. Lipson, D.A.; Barnacle, H.; Birk, R.; Brealey, N.; Locantore, N.; Lomas, D.A.; Ludwig-Sengpiel, A.; Mohindra, R.; Tabberer, M.;
Zhu, C.-Q.; et al. FULFIL trial: Once-daily triple therapy for patients with chronic obstructive pulmonary disease. Am. J. Respir.
Crit. Care Med. 2017, 196, 438–446. [CrossRef] [PubMed]

22. Pascoe, S.; Barnes, N.; Brusselle, G.; Compton, C.; Criner, G.J.; Dransfield, M.T.; Halpin, D.M.G.; Han, M.K.; Hartley, B.; Lange, P.;
et al. Blood eosinophils and treatment response with triple and dual combination therapy in chronic obstructive pulmonary
disease: Analysis of the IMPACT trial. Lancet Respir. Med. 2019, 7, 745–756. [CrossRef]

23. Thompson, P.J.; Criner, G.J.; Dransfield, M.T.; Halpin, D.M.G.; Han, M.K.; Lipson, D.A.; Maghzal, G.J.; Martinez, F.J.; Midwinter,
D.; Singh, D.; et al. Effect of chronic mucus hypersecretion on treatment responses to inhaled therapies in patients with chronic
obstructive pulmonary disease: Post hoc analysis of the IMPACT trial. Respirology 2022, 27, 1034–1044. [CrossRef]

24. Fenwick, E.; Martin, A.; Schroeder, M.; Mealing, S.J.; Solanke, O.; Risebrough, N.; Ismaila, A.S. Cost-effectiveness analysis of a
single-inhaler triple therapy for COPD in the UK. ERJ Open Res. 2021, 7, 00480–02020. [CrossRef]

25. Shin, S.; Ye, M.; Park, J.; Geum, S. Immunopathologic role of eosinophils in eosinophilic chronic rhinosinusitis. Int. J. Mol. Sci.
2022, 23, 13313. [CrossRef]

26. Tsuda, T.; Suzuki, M.; Kato, Y.; Kidoguchi, M.; Kumai, T.; Fujieda, S.; Sakashita, M. The current findings in eosinophilic chronic
rhinosinusitis. Auris Nasus Larynx 2024, 51, 51–60. [CrossRef]

27. Hassan, M.M.; Hussein, M.T.; Emam, A.M.; Rashad, U.M.; Rezk, I.; Awad, A.H. Is insufficient pulmonary air support the cause of
dysphonia in chronic obstructive pulmonary disease? Auris Nasus Larynx 2018, 45, 807–814. [CrossRef]

28. Naunheim, M.R.; Huston, M.N.; Bhattacharyya, N. Voice disorders associated with the use of inhaled corticosteroids. Otolaryngol.
Head Neck Surg. 2023, 168, 1034–1037. [CrossRef]

29. Hartford, C.G.; Petchel, K.S.; Mickail, H.; Perez-Gutthann, S.; McHale, M.; Grana, J.M.; Marquez, P. Pharmacovigilance during the
pre-approval phases: An evolving pharmaceutical industry model in response to ICH E2E, CIOMS VI, FDA and EMEA/CHMP
risk-management guidelines. Drug Saf. 2006, 29, 657–673. [CrossRef] [PubMed]

30. Kumar, R.; Kumar, D.; Parakh, A. Fluticasone furoate: A new intranasal corticosteroid. J. Postgrad. Med. 2012, 58, 79–83. [CrossRef]
[PubMed]

31. Kempsford, R.; Norris, V.; Siederer, S. Vilanterol trifenatate, a novel inhaled long-acting beta2 adrenoceptor agonist, is well
tolerated in healthy subjects and demonstrates prolonged bronchodilation in subjects with asthma and COPD. Pulm. Pharmacol.
Ther. 2013, 26, 256–264. [CrossRef] [PubMed]

32. Babu, K.S.; Morjaria, J.B. Umeclidinium in chronic obstructive pulmonary disease: Latest evidence and place in therapy. Ther.
Adv. Chronic Dis. 2017, 8, 81–91. [CrossRef] [PubMed]

33. Bogart, M.; Germain, G.; Laliberté, F.; Mahendran, M.; Duh, M.S.; DiRocco, K.; Noorduyn, S.G.; Paczkowski, R.; Balkissoon, R.
Real-world study of single-inhaler triple therapy with fluticasone furoate/umeclidinium/vilanterol on asthma control in the US.
J. Asthma Allergy 2023, 16, 1309–1322. [CrossRef] [PubMed]

34. Hozawa, S.; Ohbayashi, H.; Tsuchiya, M.; Hara, Y.; Lee, L.A.; Nakayama, T.; Tamaoki, J.; Fowler, A.; Nishi, T. Safety of once-daily
single-inhaler triple therapy with fluticasone furoate/umeclidinium/vilanterol in Japanese patients with asthma: A long-term
(52-week) phase III open-label study. J. Asthma Allergy 2021, 14, 809–819. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/14740338.2024.2409707
https://doi.org/10.2147/COPD.S433326
https://doi.org/10.1056/NEJMoa1713901
https://doi.org/10.1186/s12931-020-01360-w
https://doi.org/10.4187/respcare.10188
https://doi.org/10.1164/rccm.201703-0449OC
https://www.ncbi.nlm.nih.gov/pubmed/28375647
https://doi.org/10.1016/S2213-2600(19)30190-0
https://doi.org/10.1111/resp.14339
https://doi.org/10.1183/23120541.00480-2020
https://doi.org/10.3390/ijms232113313
https://doi.org/10.1016/j.anl.2023.08.002
https://doi.org/10.1016/j.anl.2017.12.002
https://doi.org/10.1002/ohn.198
https://doi.org/10.2165/00002018-200629080-00003
https://www.ncbi.nlm.nih.gov/pubmed/16872240
https://doi.org/10.4103/0022-3859.93260
https://www.ncbi.nlm.nih.gov/pubmed/22387656
https://doi.org/10.1016/j.pupt.2012.12.001
https://www.ncbi.nlm.nih.gov/pubmed/23232038
https://doi.org/10.1177/2040622317700822
https://www.ncbi.nlm.nih.gov/pubmed/28491268
https://doi.org/10.2147/JAA.S424055
https://www.ncbi.nlm.nih.gov/pubmed/38058516
https://doi.org/10.2147/JAA.S305918

	Introduction 
	Materials and Methods 
	Study Design and Data Sources 
	Data Extraction 
	Statistical Analysis 

	Results 
	Descriptive Analysis 
	System Organ Class Disproportionality Analysis 
	Preferred Terms Disproportionality Analysis 
	The Comparison Among FF/UMEC/VI and FF/VI 

	Discussion 
	Conclusions 
	References

