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Purpose: In the Phase III, 24-week KRONOS study (NCT02497001), triple therapy with 
budesonide/glycopyrrolate/formoterol fumarate metered dose inhaler (BGF MDI) reduced exacer-
bation rates versus glycopyrrolate/formoterol fumarate (GFF) MDI in patients with moderate-to- 
very severe chronic obstructive pulmonary disease (COPD) and no requirement for a history of 
exacerbations. We report a post hoc analysis investigating whether the benefits observed were 
driven by patients with ≥1 exacerbation in the 12 months prior to the study.
Patients and Methods: Patients received BGF MDI 320/18/9.6 µg, GFF MDI 18/9.6 µg, 
budesonide/formoterol fumarate (BFF) MDI 320/9.6 µg, or budesonide/formoterol fumarate 
dry powder inhaler (BUD/FORM DPI) 400/12 µg twice-daily. Post hoc analyses were 
conducted on exacerbation and lung function results from patients with and without 
a documented exacerbation in the 12 months prior to the study.
Results: Overall, 74% (1411/1896) of the modified-intent-to-treat (mITT) population had no 
moderate/severe exacerbations in the 12 months prior to the study. BGF MDI reduced 
exacerbation rates versus GFF MDI in the prior (58%; unadjusted p=0.0003) and no prior 
(48%; unadjusted p=0.0001) exacerbations subgroups. The magnitude of reduction in exacer-
bation rates was generally similar within subgroups for BGF MDI versus BFF MDI and 
BUD/FORM DPI. In the prior exacerbations subgroup, risk during treatment for time to first 
exacerbation was lower with BGF MDI versus GFF MDI (p=0.0022) and BFF MDI 
(p=0.0110); excluding the first 30 days of data yielded similar results. The magnitude of 
reduction in exacerbation rates for BGF MDI compared with GFF MDI increased with 
eosinophil count.
Conclusion: In patients with or without a history of exacerbations in the 12 months prior to 
the study, BGF MDI reduced exacerbation rates versus GFF MDI, suggesting results 
observed in the overall population were not driven by the small subgroup with a prior history 
of exacerbations.
Keywords: fixed-dose combination, COPD, exacerbations of COPD

Introduction
Bronchodilator therapy with long-acting β2-agonists (LABA) and/or long-acting 
muscarinic antagonists (LAMA) is the mainstay of treatment for chronic obstruc-
tive pulmonary disease (COPD).1 However, for patients who develop further 
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exacerbations of COPD, despite dual combination therapy, 
use of triple combination therapy with an inhaled corticos-
teroid (ICS), LAMA, and LABA is recommended.1 

Importantly, real-world evidence has demonstrated that 
ICS are often prescribed inappropriately, for example, in 
patients with less severe disease without a known or estab-
lished exacerbation risk.2,3 To date, most studies of triple 
versus dual fixed-dose therapies have been performed in 
patient populations with high exacerbation risk.4–9

The Phase III KRONOS study (NCT02497001) 
enrolled symptomatic patients (COPD Assessment Test 
[CAT] score ≥10) with moderate-to-very-severe COPD 
without any requirement for experiencing an exacerbation 
in the previous year, which was the case for the majority 
of patients randomized.10 The KRONOS study evaluated 
the efficacy and safety of the fixed-dose combination ICS/ 
LAMA/LABA budesonide/glycopyrrolate/formoterol 
fumarate metered dose inhaler (BGF MDI), administered 
via an Aerosphere™ inhaler, and reported benefits on lung 
function and exacerbation rates versus dual therapies 
(LAMA/LABA and ICS/LABA) in these patients.10

Given the high proportion of patients with no prior 
exacerbations enrolled in the study, we undertook a post 
hoc analysis to investigate whether or not the exacerbation 
benefit in the overall population of the KRONOS study 
was driven by the small subset of patients included in the 
study reporting ≥1 exacerbation in the year prior to the 
study, or was also true for patients with no prior 
exacerbations.

Methods
Study Design
KRONOS (NCT02497001) was a 24-week, double-blind, 
parallel-group randomized controlled study and the design 
has been previously described.10 Eligible patients were 
40–80 years of age, with a smoking history of ≥10 pack- 
years (current or former smokers), a confirmed diagnosis 
of moderate-to-very severe COPD, as defined by a post- 
bronchodilator forced expiratory volume in 1 s (FEV1) of 
25–80% predicted, and were symptomatic (CAT score 
≥10) despite treatment with ≥2 inhaled maintenance thera-
pies for at least 6 weeks before screening. A current diag-
nosis of asthma was exclusionary. Patients were not 
required to have an exacerbation in the previous 12 
months. A COPD exacerbation was defined by modified 
Anthonisen criteria11 or physician justification.10

After randomization, patients received BGF MDI 320/18/ 
9.6 µg (ICS/LAMA/LABA triple therapy), glycopyrrolate/ 
formoterol fumarate (GFF) MDI 18/9.6 μg (LAMA/LABA 
dual therapy), or budesonide/formoterol fumarate (BFF) MDI 
320/9.6 μg (ICS/LABA dual therapy) all delivered via an 
Aerosphere™ inhaler, or open-label budesonide/formoterol 
fumarate dry powder inhaler (BUD/FORM DPI) 400/12 μg 
(Symbicort® Turbuhaler®; ICS/LABA), as two inhalations, 
twice daily for 24 weeks. The doses of glycopyrrolate and 
formoterol fumarate are equivalent to 14.4 μg glycopyrronium 
and 10 μg formoterol fumarate dihydrate. Doses are the sum of 
two inhalations and represent half of the total daily dose.

All participants provided written informed consent and 
independent ethics committee/institutional review board 
approvals were obtained prior to the start of the study. 
Details of individual independent ethics committees and 
institutional review boards are provided in the 
Supplemental Appendix. The studies were conducted in 
accordance with the Declaration of Helsinki, the 
International Conference on Harmonisation/Good Clinical 
Practice and applicable regulatory requirements.

Assessments
The primary endpoints of FEV1 area under the curve from 0 
to 4 h (AUC0–4) over 24 weeks (BGF MDI vs BFF MDI and 
BGF MDI vs BUD/FORM DPI) and change from baseline 
in morning pre-dose trough FEV1 over 24 weeks (BGF MDI 
vs GFF MDI and BFF MDI vs BUD/FORM DPI [non- 
inferiority]) have been reported previously.10 Secondary 
endpoints, including the rate of moderate/severe COPD 
exacerbations, have also been reported.10 In this manuscript, 
lung function endpoints and rate of exacerbations during the 
KRONOS study were analyzed post hoc for data from the 
two subgroups of patients with and without a documented 
exacerbation in the year prior to the study.

At each visit from randomization onwards (0, 4, 8, 12, 
16, 20, and 24) spirometry was conducted, as previously 
reported, and occurrences of COPD exacerbations, medi-
cation changes, and adverse events (AEs) were recorded in 
an electronic case report form by study personnel.10 

Criteria for identifying and reporting exacerbations have 
been published previously.10

Exacerbations were categorized as: moderate (led to 
treatment with systemic corticosteroids, antibiotics, or 
both, for ≥3 days, or ≥1 depot injectable dose of corticos-
teroids); or severe (led to hospital admission or a visit to 
a healthcare facility, eg an emergency department, that 
lasted ≥24 hours, or COPD-related death). Exacerbations 
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with start and end dates that were ≤7 days apart were 
considered one event and assigned the maximum severity 
between the two events. A clinically consistent definition 
of pneumonia was implemented to standardize the diag-
nosis of pneumonia.10 An independent clinical endpoint 
committee reviewed all AEs reported as pneumonia or that 
potentially met criteria for major adverse cardiovascular 
events, and additionally evaluated cause-specific mortality. 
Treatment-emergent adverse events (TEAEs) were also 
evaluated.

Statistical Analyses
Post hoc analyses of lung function and exacerbation rates 
during the KRONOS study were conducted on data from the 
two subgroups of patients with and without an exacerbation 
within 12 months preceding the study. Efficacy analyses were 
conducted in the modified intent-to-treat (mITT) population 
(all data obtained before discontinuation from treatment from 
randomized patients receiving any dose of the study drug) 
using an efficacy estimand. Exacerbation rates were analyzed 
using negative binomial regression. Time at risk of experien-
cing an exacerbation was an offset variable in the model. 
Treatment comparisons were adjusted for baseline post- 
bronchodilator percent predicted FEV1, baseline eosinophil 
count, country, ICS use at screening, and exacerbation history 
(for the overall population). Model-adjusted rates and rate 
ratios were calculated. Time during an exacerbation, or in 
the 7 days following an exacerbation, was not included in 
the calculation of time at risk.

The change from baseline in morning pre-dose trough 
FEV1 and FEV1 AUC0–4 over 24 weeks were analyzed 
using linear models with repeated measures. The models 
included treatment, visit, treatment by visit interaction, and 
ICS use at screening as categorical covariates, and base-
line FEV1, percent reversibility to salbutamol, and baseline 
eosinophil counts as continuous covariates. Analyses pre-
sented were not included under the Type I error control 
plan for the study, and therefore the p-values reported 
within the results are unadjusted. Patients in the safety 
population are those who received at least one dose of 
the study treatment.

Results
Patient Demographics
In total, 74.4% (1411/1896) of patients in the KRONOS 
mITT population had no documented moderate/severe 
exacerbations in the previous 12 months (Table 1; mean 

age 65.5 years; 72.8% male; 69.9% used ICS at screen-
ing). The remaining 25.6% (485/1896) had at least one 
documented moderate/severe exacerbation in the 
previous year (mean age 64.2 years; 66.6% male; 77.3% 
used ICS at screening), and 5.6% (107/1896) of patients 
had a severe exacerbation(s) in the previous year.

Moderate/Severe Exacerbations
In patients without an exacerbation in the previous year, 
the adjusted annualized rate of moderate/severe exacer-
bations (number of events) was 0.41 (n=85), 0.80 
(n=147), 0.42 (n=42), and 0.47 (n=47) for BGF MDI, 
GFF MDI, BFF MDI, and BUD/FORM DPI, respec-
tively (Table 2). In those with prior exacerbations, the 
adjusted annualized rate of moderate/severe exacerba-
tions (number of events) was 0.63 (n=47), 1.50 (n=81), 
1.05 (n=32), and 0.84 (n=30) for BGF MDI, GFF MDI, 
BFF MDI, and BUD/FORM DPI, respectively 
(Table 2).

BGF MDI reduced the rate of moderate/severe exacer-
bations versus GFF MDI by 48% in the no prior exacer-
bations subgroup (unadjusted p=0.0001) and in the prior 
exacerbations subgroup by 58% (unadjusted p=0.0003) 
(Table 2 and Figure 1). Moderate/severe exacerbation 
rates for BGF MDI versus BFF MDI and BGF MDI versus 
BUD/FORM DPI were generally similar within subgroups 
(Table 2 and Figure 1). There was also a numerical reduc-
tion in the rate of moderate/severe exacerbations with BGF 
MDI versus GFF MDI in the subgroup of patients in the 
no prior exacerbations subgroup who did not receive prior 
ICS, though the sample size of this post hoc analysis was 
too small to allow definitive conclusions to be made 
(Table S1).

In the prior exacerbations subgroup, for time to first 
moderate/severe COPD exacerbation, the risk during treat-
ment with BGF MDI was lower versus GFF MDI (49%; 
unadjusted p=0.0022) and versus BFF MDI (48%; unad-
justed p=0.0110) (Table 2).

Based on the results for BGF MDI versus GFF MDI, 
the number needed to treat (NNT) [95% CI] for 1 year to 
prevent one additional moderate/severe COPD exacerba-
tion was 3 [2, 6] in the no prior exacerbations subgroup 
and 2 [1, 3] in the prior exacerbations subgroup. For 
comparison, in the overall KRONOS population, NNT 
[95% CI] for 1 year to prevent one additional moderate/ 
severe COPD exacerbation was 3 [2, 4].

The impact of corticosteroid therapy was noted across 
all budesonide-containing preparations as a function of 
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baseline eosinophil count, both in patients with exacerba-
tions in the year prior (Figure 2A) and in those without 
prior exacerbations (Figure 2B). Rates of moderate/severe 
exacerbations were lower for BGF MDI versus GFF MDI 
in both prior and no prior exacerbations subgroups.

To assess the impact of acute ICS withdrawal on the 
findings, we conducted analyses of exacerbations exclud-
ing the first 30 days of data. When the first 30 days of data 
were excluded for patients with ICS use in the 30 days 
before screening, the moderate/severe exacerbation rate 
ratio was similar to the complete dataset for the overall 
population for BGF MDI versus GFF MDI (0.43 [0.31, 
0.60] versus 0.48 [0.37, 0.64], respectively; unadjusted 
p<0.0001 for both) (Table S2 and Figure S1); moderate/ 
severe exacerbation rates for BGF MDI versus BFF MDI 
or BUD/FORM DPI were generally similar to the com-
plete dataset. When excluding the first 30 days in the 
complete prior exacerbation population, for time to first 
moderate/severe COPD exacerbation, the risk during treat-
ment with BGF MDI was lower versus GFF MDI (unad-
justed p=0.0201) and versus BFF MDI (unadjusted 
p=0.0193) (Table S3,10 Figure S2).

Severe Exacerbations
While not reported previously for the overall popula-
tion, the adjusted annualized rate of severe exacerba-
tions [number of events] was 0.047 [n=17], 0.131 
[n=40], 0.055 [n=9], and 0.068 [n=12] for BGF MDI, 
GFF MDI, BFF MDI, and BUD/FORM DPI, respec-
tively. BGF MDI reduced the rate of severe exacerba-
tions versus GFF MDI by 64% (unadjusted p=0.0026).

In patients without exacerbations in the 
previous year, the adjusted annualized rate of severe 
exacerbations [number of events] was 0.046 [n=12], 
0.108 [n=26], 0.043 [n=6], and 0.046 [n=6] for BGF 
MDI, GFF MDI, BFF MDI, and BUD/FORM DPI, 
respectively. BGF MDI reduced the rate of severe 
exacerbations versus GFF MDI by 58% (unadjusted 
p=0.0316) (Table 2).

Since only 5, 14, 3, and 6 severe exacerbations were 
reported for BGF MDI, GFF MDI, BFF MDI, and BUD/ 
FORM DPI, respectively, in the prior exacerbations sub-
group, the event numbers were too small to conduct 
meaningful analyses for severe exacerbations in this 
subgroup.

Table 1 Patient Demographics and Characteristics by Reported History of Exacerbations

BGF MDI  
320/18/9.6 µg

GFF MDI  
18/9.6 µg

BFF MDI  
320/9.6 µg

BUD/FORM DPI  
400/12 µg

Patient exacerbation 
history

No prior 
(n=469)

Prior 
(n=170)

No prior 
(n=473)

Prior 
(n=152)

No prior 
(n=235)

Prior 
(n=79)

No prior 
(n=234)

Prior 
(n=84)

Mean age, years (range) 65.4 (42−80) 63.5 (40–80) 65.3 (42–80) 64.6 (46–80) 65.8 (48–80) 63.5 (46–78) 66.1 (45–80) 65.4 (46–79)

Male, % 73 70 70 64 75 59 75 71

Race, %

Asian 42 52 44 49 45 47 44 46

Black 4 3 7 4 4 8 5 2

White 54 45 49 47 51 46 51 51

Current smokers, % 41 36 42 38 37 35 40 35

ICS use at screening, % 71 76 70 76 69 78 67 81

Blood eosinophil count

<150 cells per mm3, % 48 53 47 44 44 61 50 46

≥150 cells per mm3, % 52 47 53 56 56 39 50 54

Post-bronchodilator FEV1, 
mean % predicted

51 49 51 49 51 48 51 50

Notes: The following races, n (%), were recorded in the no-exacerbation subgroup only: Native Hawaiian or Other Pacific Islander, 1 (0.2) in the GFF MDI 18/9.6 µg 
treatment group; American Indian or Alaska Native, 1 (0.2) in the BGF MDI 320/18/9.6 µg treatment group. 
Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry 
powder inhaler; FEV1, forced expiratory volume in 1 s; GFF, glycopyrrolate/formoterol fumarate; ICS, inhaled corticosteroids; MDI, metered dose inhaler.
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Table 2 Exacerbation Outcomes by Reported History of Exacerbations in the Previous 12 Months (Efficacy Estimand, mITT 
Population)

BGF MDI  
320/18/9.6 μg

GFF MDI  
18/9.6 μg

BFF MDI  
320/9.6 μg

BUD/FORM DPI  
400/12 μg

Overall population

Patients, N N=639 N=625 N=314 N=318

Rate of moderate/severe COPD exacerbations

Number of events, n 132 228 74 77
Adjusted annualized rate (SE) 0.46 (0.05) 0.95 (0.09) 0.56 (0.08) 0.55 (0.08)

Rate ratio, BGF MDI vs comparator (95% CI) – 0.48 (0.37, 0.64) 0.82 (0.58, 1.17) 0.83 (0.59, 1.18)

p-value – <0.0001 0.2792 0.3120

Time to first moderate/severe COPD exacerbation

Number of patients with exacerbations, n (%) 108 (16.9) 157 (25.1) 65 (20.7) 61 (19.2)

Hazard ratio, BGF MDI vs comparator (95% CI) – 0.59 (0.46, 0.76) 0.75 (0.55, 1.02) 0.85 (0.62, 1.17)

Cox regression p-value – <0.0001 0.0635 0.3225
Log rank p-value – 0.0001 0.0281 0.0832

Rate of severe COPD exacerbations

Number of events, n 17 40 9 12

Adjusted annualized rate (SE) 0.047 (0.01) 0.131 (0.03) 0.055 (0.02) 0.068 (0.02)
Rate ratio, BGF MDI vs comparator (95% CI) – 0.36 (0.18, 0.70) 0.85 (0.34, 2.13) 0.69 (0.29, 1.61)

p-value – 0.0026 0.7363 0.3861

No prior exacerbations

Patients, N N=469 N=473 N=235 N=234

Rate of moderate/severe COPD exacerbations

Number of events, n 85 147 42 47

Adjusted annualized rate (SE) 0.41 (0.06) 0.80 (0.09) 0.42 (0.08) 0.47 (0.09)

Rate ratio, BGF MDI vs comparator (95% CI) – 0.52 (0.37, 0.72) 0.98 (0.63, 1.54) 0.88 (0.57, 1.36)
p-value – 0.0001 0.9384 0.5710

Time to first moderate/severe COPD exacerbation

Number of patients with exacerbations, n (%) 72 (15.4) 105 (22.2) 38 (16.2) 37 (15.8)

Hazard ratio, BGF MDI vs comparator (95% CI) – 0.64 (0.47, 0.86) 0.92 (0.62, 1.36) 0.93 (0.62, 1.38)
Cox regression p-value – 0.0032 0.6643 0.7105

Log rank p-value – 0.0041 0.3829 0.4415

Rate of severe COPD exacerbations

Number of events, n 12 26 6 6

Adjusted annualized rate (SE) 0.046 (0.02) 0.108 (0.03) 0.043 (0.02) 0.046 (0.02)

Rate ratio, BGF MDI vs comparator (95% CI) – 0.42 (0.19, 0.93) 1.05 (0.36, 3.11) 0.99 (0.33, 2.92)
p-value – 0.0316 0.9279 0.9817

Prior exacerbations

Patients, N N=170 N=152 N=79 N=84

Rate of moderate/severe COPD exacerbations

Number of events, n 47 81 32 30
Adjusted annualized rate (SE) 0.63 (0.12) 1.50 (0.24) 1.05 (0.25) 0.84 (0.20)

(Continued)

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
183

Dovepress                                                                                                                                                        Martinez et al

http://www.dovepress.com
http://www.dovepress.com


Lung Function
BGF MDI improved lung function versus BFF MDI over 
24 weeks in patients with no prior exacerbation history 
(unadjusted p<0.001), and versus BUD/FORM DPI in 
both the no prior and prior exacerbation history popula-
tions (unadjusted p=0.0003 and p<0.0001, respectively). 
Analyses for both subgroups can be found in the supple 
mentary information section (Table S4, Figure S3).

Safety
The TEAE profiles of the subgroups with and without an 
exacerbation in the previous 12 months were generally 

comparable. The incidence of confirmed pneumonia was 
low in both subgroups (Table 3).10

Discussion
This subgroup analysis from the 24-week KRONOS 
study demonstrated that BGF MDI reduced the rate 
of moderate/severe COPD exacerbations versus GFF 
MDI in the subgroup with no history of moderate/ 
severe exacerbations in the previous year. This sug-
gests that the exacerbation reduction in KRONOS was 
not driven by the subset of patients with a prior his-
tory of exacerbations. Importantly, the effect of ICS 

Table 2 (Continued). 

BGF MDI  
320/18/9.6 μg

GFF MDI  
18/9.6 μg

BFF MDI  
320/9.6 μg

BUD/FORM DPI  
400/12 μg

Rate ratio, BGF MDI vs comparator (95% CI) – 0.42 (0.26, 0.67) 0.60 (0.34, 1.08) 0.75 (0.42, 1.35)

p-value – 0.0003 0.0892 0.3423

Time to first moderate/severe COPD exacerbation

Number of patients with exacerbations, n (%) 36 (21.2) 52 (34.2) 27 (34.2) 24 (28.6)

Hazard ratio, BGF MDI vs comparator (95% CI) – 0.51 (0.33, 0.79) 0.52 (0.32, 0.86) 0.71 (0.42, 1.20)

Cox regression p-value – 0.0022 0.0110 0.2019
Log rank p-value – 0.0031 0.0052 0.0434

Rate of severe COPD exacerbations

Number of events, n 5 14 3 6

Adjusted annualized rate (SE) * * * *

Notes: Treatments are compared adjusting for baseline post-bronchodilator percent predicted FEV1 and baseline eosinophil count as continuous covariates and country and 
inhaled corticosteroid use at screening (yes/no) as categorical covariates using negative binomial regression. *As the number of events is low, this precludes analysis for this group. 
Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry 
powder inhaler; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GFF, glycopyrrolate/formoterol fumarate; MDI, metered dose inhaler; mITT, 
modified intent-to-treat; SE, standard error.

Figure 1 Treatment comparisons for rate of moderate/severe exacerbations by reported exacerbation history (mITT population; efficacy estimand). 
Notes: Data presented as rate ratio (95% CI); *p≤0.0001; #p=0.0003. Eosinophil data are baseline counts in cells per mm3 across treatment groups. 
Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry 
powder inhaler; CI, confidence interval; GFF, glycopyrrolate/formoterol fumarate; MDI, metered dose inhaler; mITT, modified intent-to-treat.
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treatment on exacerbation rates was seen in patients 
with a higher blood eosinophil count regardless of 
exacerbation history. The observed treatment effects 
on lung function, regardless of exacerbation history, 
are to be expected.1

Unlike many other randomized controlled studies of 
triple therapy versus dual therapies in patients with symp-
tomatic COPD,4,5,8,9 KRONOS enrolled patients with no 
requirement for an exacerbation in the previous year.10 

Therefore, we were able to conduct a sub-analysis to 

Figure 2 Rate of moderate/severe exacerbations for patients reporting (A) a prior exacerbation and (B) no prior exacerbations as a function of baseline eosinophil and 
treatment group (mITT population, efficacy estimand). Generalized additive model plot. Banded areas represent 95% CIs. 
Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry 
powder inhaler; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GFF, glycopyrrolate/formoterol fumarate; MDI, metered dose inhaler; mITT, 
modified intent-to-treat.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
185

Dovepress                                                                                                                                                        Martinez et al

http://www.dovepress.com
http://www.dovepress.com


examine the effect of triple therapy in patients who were 
symptomatic, despite being on two or more inhaled main-
tenance therapies, but had no documented history of 
exacerbations in the year prior to the study. The analyses 
revealed that the effect of BGF MDI on exacerbation rates 
versus LAMA/LABA was consistent in those with and 
without prior exacerbations. In addition, the NNT for 
1 year to prevent one additional moderate/severe COPD 
exacerbation in BGF MDI versus GFF MDI was similar in 
both subgroups (no prior history: 3; prior history: 2). 
While other triple therapy studies included patients with 
differing exacerbation risks (eg 1 versus 2 or more), with 
the exception of the FULFIL study,7,12 none included 
patients with no prior exacerbations.4,5,8,9 The 24-week 
FULFIL study was conducted in symptomatic patients 
with moderate-to-very severe COPD and showed that 
annual moderate/severe exacerbation rates were improved 
by triple therapy versus ICS/LABA regardless of a history 
of exacerbations (0/1 moderate exacerbations, ≥2 moder-
ate exacerbations, or ≥1 severe exacerbation).12 

Approximately one third of patients in the FULFIL study 
had no documented history of moderate/severe exacerba-
tions in the previous year.7

ICS-containing regimens are not generally recommended 
for symptomatic patients who do not report exacerbations.1 

However, in the current analysis, BGF MDI reduced moder-
ate/severe and severe exacerbation rates versus LAMA/ 
LABA in the subgroup of patients without a prior exacerba-
tion. In seeking an explanation for the findings, we note that 
model-estimated rates of moderate/severe exacerbations 
showed that patients without a prior exacerbation in the 
previous 12 months had a substantial exacerbation rate 

when not receiving an ICS during the study (adjusted annual-
ized rate for GFF MDI = 0.80, versus 0.41, 0.42, and 0.47 for 
BGF MDI, BFF MDI, and BUD/FORM DPI, respectively). 
This subgroup also experienced severe exacerbations during 
the study, although overall numbers were low. It is possible 
that exacerbation risk was unmasked in those patients no 
longer receiving ICS (more than 70% of these patients were 
receiving ICS prior to the study). Exacerbation characteris-
tics and exacerbation risk can fluctuate over time and can 
affect treatment decisions for individual patients. For exam-
ple, in the 3-year SPIROMICS study, exacerbation incidence 
frequently varied from year to year.13 Therefore, it is possible 
that patients on ICS had experienced exacerbations prior to 
the 12-month period when exacerbation history was 
collected.

Regarding prior ICS use, the rate ratio for BGF MDI 
versus GFF MDI exacerbation rates was similar to that of 
the overall population in the subgroup of patients with ICS 
use in the 30 days before screening. Moreover, the results 
for moderate/severe exacerbations were similar when the 
first 30 days of data were excluded. Taken together, this 
supports the view that the findings are not driven by acute 
ICS withdrawal. Furthermore, when the first 30 days of 
data were excluded from the prior exacerbations subgroup 
analysis, results for exacerbation risk and time to moder-
ate/severe exacerbation were similar to the complete 
dataset.

The reasons for prescribing an ICS prior to the 
KRONOS study were not captured and, as real-world 
studies show, ICS are commonly prescribed over a wide 
spectrum of COPD phenotypes.14–18 This suggests that 
a more careful assessment of exacerbation histories, 

Table 3 Comparison of TEAEs for No Prior Exacerbations and Prior Exacerbations Subgroups (Safety Population)

BGF MDI  

320/18/9.6 μg

GFF MDI   

18/9.6 μg

BFF MDI   

320/9.6 μg

BUD/FORM DPI  

400/12 μg

Patient exacerbation  

History

No prior 

(n=469)

Prior 

(n=170)

No prior 

(n=473)

Prior 

(n=152)

No prior 

(n=235)

Prior 

(n=79)

No prior 

(n=234)

Prior 

(n=84)

Patients with at least one TEAE, n (%) 283 (60.3) 105 (61.8) 288 (60.9) 96 (63.2) 125 (53.2) 50 (63.3) 129 (55.1) 54 (64.3)

Patients with drug-related TEAEs,† n (%) 81 (17.3) 31 (18.2) 66 (14.0) 25 (16.4) 30 (12.8) 18 (22.8) 30 (12.8) 10 (11.9)

Patients with serious TEAEs, n (%) 39 (8.3) 16 (9.4) 49 (10.4) 19 (12.5) 16 (6.8) 5 (6.3) 18 (7.7) 11 (13.1)

Patients with drug-related serious TEAEs,† n (%) 5 (1.1) 2 (1.2) 8 (1.7) 4 (2.6) 1 (0.4) 2 (2.5) 5 (2.1) 1 (1.2)

Patients with TEAEs leading to early discontinuation, n (%) 26 (5.5) 4 (2.4) 26 (5.5) 4 (2.6) 7 (3.0) 4 (5.1) 8 (3.4) 3 (3.6)

Deaths (all causes), n (%) 6 (1.3) 0 1 (0.2) 2 (1.3) 2 (0.9) 0 1 (0.4) 0

Patients with confirmed major adverse CV event,* n (%) 2 (0.4) 0 2 (0.4) 1 (0.7) 1 (0.4) 1 (1.3) 2 (0.9) 0

Patients with confirmed pneumonia,** n (%) 7 (1.5) 5 (2.9) 6 (1.3) 4 (2.6) 5 (2.1) 1 (1.3) 2 (0.9) 2 (2.4)

Notes: *Confirmed by clinical endpoint committee. **Confirmed by chest imaging, antibiotic treatment and at least two symptoms.10 †Possibly, probably, or definitely 
related, in the opinion of the investigator. 
Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry 
powder inhaler; CV, cardiovascular; GFF, glycopyrrolate/formoterol fumarate; MDI, metered dose inhaler; TEAE, treatment-emergent adverse event.
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analysis of blood eosinophil count, and details on why ICS 
were prescribed may need to be part of future studies.

In the KRONOS study, the contribution of ICS in BGF 
MDI was demonstrated by the magnitude of risk reduction 
relative to GFF MDI in a population where the majority of 
patients had no prior exacerbations in the previous year.10 

The 52-week WISDOM study suggested ICS can be 
removed in many patients with a prior exacerbation history 
based on eosinophil levels. However, WISDOM was 
a randomized withdrawal study, in which approximately 
30% of patients were not receiving an ICS-containing 
treatment prior to the study, and all patients received triple 
therapy in the 6-week run-in before ICS withdrawal.19 

These factors could have influenced the low exacerbation 
rates observed when ICS was withdrawn. The FLAME 
study also suggested that ICS can be removed in many 
patients with a prior exacerbation history.20 However, the 
exclusion of patients with eosinophil levels >600 cells/µL 
may have contributed to these results.21 It should be 
acknowledged that in FLAME the benefits of LAMA/ 
LABA compared with ICS/LABA were greater in those 
with eosinophils <150 cells/µL than at higher levels where 
rate ratios approached unity.21 Furthermore, the study was 
not designed to investigate the benefit of adding ICS to 
LAMA/LABA.20

In this post hoc analysis of the KRONOS study, the 
benefits of BGF MDI relative to GFF MDI on rates of 
moderate/severe exacerbation increased as eosinophil 
counts increased, regardless of prior exacerbation history. 
These results were similar to those observed for the overall 
population.10 The relationship between eosinophil count 
and ICS treatment benefit has been previously 
documented22–24 and is supported by the Global 
Initiative for Chronic Obstructive Lung Disease 2020 
recommendations,1 indicating the potential of using eosi-
nophil counts as key biomarkers to inform future treatment 
guidelines. Given the suggested benefits of a triple regi-
men in KRONOS over both dual therapies, the role of dual 
therapy in preventing exacerbations in COPD may be 
questioned.

Preventing exacerbations is a priority as exacerbations 
are associated with lung function decline, morbidity, and 
mortality in COPD.25 A single exacerbation may be asso-
ciated with a significant decline in lung function26 and 
patients experiencing frequent exacerbations are likely to 
be at the greatest risk for lung function decline over 
time.27,28 Finally, the increased mortality risk associated 
with COPD exacerbations, particularly severe COPD 

exacerbations, is further evidence of the importance of 
exacerbation prevention in the overall management of 
COPD.29–31

Within the current study, most patients were receiving 
an ICS; therefore, the generalizability of results could be 
limited. Also, the potential for under-reporting exacerba-
tions cannot be excluded. Therefore, better characteriza-
tion of exacerbation risk, based on expanded, 
documented, prior exacerbation history (eg over 2 
years), including information on prior ICS treatment 
and rationale, could allow clarification of these findings 
in future studies.

Conclusions
This subgroup analysis of the KRONOS study showed the 
benefits of BGF MDI in reducing moderate/severe and 
severe exacerbation rates relative to GFF MDI, even 
among COPD patients with no history of exacerbations 
in the prior year. These findings suggest that benefits on 
exacerbation rates observed in the KRONOS study in 
symptomatic patients with moderate-to-very severe 
COPD were not driven by the patient subgroup with 
a history of prior exacerbations.
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budesonide/formoterol fumarate dry powder inhaler; CAT, 
COPD Assessment Test; CI, confidence interval; COPD, 
chronic obstructive pulmonary disease; CV, cardiovascular; 
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