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Triple therapy with budesonide/glycopyrrolate/formoterol 
fumarate with co-suspension delivery technology versus 
dual therapies in chronic obstructive pulmonary disease 
(KRONOS): a double-blind, parallel-group, multicentre, 
phase 3 randomised controlled trial
Gary T Ferguson, Klaus F Rabe, Fernando J Martinez, Leonardo M Fabbri, Chen Wang, Masakazu Ichinose, Eric Bourne, Shaila Ballal, 
Patrick Darken, Kiernan DeAngelis, Magnus Aurivillius, Paul Dorinsky, Colin Reisner

Summary
Background Inhaled corticosteroids have been used in patients with chronic obstructive pulmonary disease (COPD), 
but the potential benefits of their use in triple therapy are not well known. We aimed to compare the efficacy of a 
triple therapy with corresponding dual therapies in symptomatic patients with moderate to very severe COPD, 
without a requirement for a history of exacerbations.

Methods In this double-blind, parallel-group, multicentre phase 3 randomised controlled trial, we recruited patients 
from hospitals and care centres in Canada, China, Japan, and the USA. Eligible patients were 40–80 years of age, were 
current or former smokers (with a smoking history of ≥10 pack-years), had an established clinical history of COPD, 
and were symptomatic for COPD, despite receiving two or more inhaled maintenance therapies for at least 6 weeks 
before screening. We randomly assigned patients (2:2:1:1) using an interactive web response system to receive 
budesonide/glycopyrrolate/formoterol fumarate metered-dose inhaler 320/18/9·6 μg (BGF MDI), glycopyrrolate/ 
formoterol fumarate metered-dose inhaler 18/9·6 μg (GFF MDI), budesonide/formoterol fumarate metered-dose 
inhaler 320/9·6 μg (BFF MDI), or open-label budesonide/formoterol fumarate dry-powder inhaler 400/12 μg 
(BUD/ FORM DPI). Primary endpoints for the Europe/Canada statistical analysis approach were FEV1 area under the 
curve from 0–4 h (AUC0–4) for BGF MDI versus BFF MDI and BGF MDI versus BUD/FORM DPI over 24 weeks; and 
change from baseline in morning pre-dose trough FEV1 for BGF MDI versus GFF MDI and non-inferiority of BFF 
MDI versus BUD/FORM DPI (margin of –50 mL from lower bound of 95% CI) over 24 weeks. Comparisons with 
BUD/FORM DPI were made for the Europe/Canada statistical analysis approach only. This study is registered with 
ClinicalTrials.gov, number NCT02497001.

Findings Between Aug 20, 2015, and Jan 5, 2018, 3047 patients were screened from 215 sites, and 1902 were randomly 
assigned to receive BGF MDI (n=640), GFF MDI (n=627), BFF MDI (n=316), or BUD/FORM DPI (n=319). Over 
24 weeks, BGF MDI significantly improved FEV1 AUC0–4 versus BFF MDI (least squares mean difference 104 mL, 95% CI 
77 to 131; p<0·0001) and BUD/FORM DPI (91 mL, 64 to 117; p<0·0001). BGF MDI also significantly improved pre-dose 
trough FEV1 versus GFF MDI (22 mL, 4 to 39; p=0·0139) and BFF MDI was non-inferior to BUD/FORM DPI (–10 mL, 
–36 to 16; p=0·4390). At week 24, patients in the BGF MDI group had a significantly improved FEV1 AUC0–4 compared 
with patients receiving BFF MDI (116 mL, 95% CI 80 to 152; p<0·0001); there was a non-significant improvement in the 
change from baseline in morning pre-dose trough FEV1 at week 24 versus GFF MDI (13 mL, –9 to 36 mL; p=0·2375). The 
most common treatment-emergent adverse events were nasopharyngitis (n=49 [8%] in the BGF MDI group; n=41 [7%] 
in the GFF MDI group; n=26 [8%] in the BFF MDI group; and n=30 [9%] in the BUD/FORM DPI group) and upper 
respiratory tract infection (n=65 [10%]; n=38 [6%]; n=18 [6%]; and n=22 [7%]). Pneumonia incidence was low (<2%) and 
similar across treatments. There were two treatment-related deaths, both in the GFF MDI group. 

Interpretation BGF MDI was efficacious, well tolerated, and could be a more appropriate treatment than the corresponding 
dual therapies for symptomatic patients with moderate to very severe COPD, irrespective of exacerbation history.
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Introduction
Long-acting bronchodilators, including long-acting 
muscarinic antagonists (LAMAs) and long-acting 

β2-agonists (LABAs), used alone or in combination, play 
an important part in the maintenance treatment of 
chronic obstructive pulmonary disease (COPD) at all 
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stages of disease severity.1 Triple therapy containing 
dual bronchodilators and an inhaled corticosteroid is 
recommended only as a treatment option for patients 
with high exacerbation risk who continue to have 
symptoms or exacerbations while receiving treatment, 
particularly LAMA and LABA, or inhaled corticosteroid 
and LABA.1 Despite guidance relating to which patients 
benefit from the addition of an inhaled corticosteroid to 
other treatments, real-world evidence suggests that 
inhaled corticosteroids are commonly prescribed to 
patients with high or low exacerbation risk,2 often as an 
open triple therapy with a fixed-dose combination of 
inhaled corticosteroid with a LABA and a LAMA.3

Although adding an inhaled corticosteroid to a LABA 
has repeatedly been shown to improve airflow limitation,4,5 
quality of life,4,5 and exacerbation rates4,6,7 compared with 
use of a LABA alone, questions remain relating to the 
long-term use of inhaled corticosteroids in COPD, 
especially given the pneumonia risk reported in some 
studies8,9 and the apparent limited effect of an inhaled 
corticosteroid and LABA on reducing exacerbations 
compared with a dual LAMA and LABA combination, as 
reported in one large study.10 It continues to be debated 
whether peripheral eosinophil counts can be used to 
predict exacerbation risk or to identify patients with COPD 
who might clinically respond to inhaled corticosteroids.11,12

Triple fixed-dose combinations of inhaled corticosteroid, 
LAMA, and LABA have been developed for COPD,13–16 but 
the potential benefits of triple versus dual fixed-dose 
combination therapies (LAMA and LABA, or inhaled 
corticosteroid and LABA) are not well characterised across 
the spectrum of patients with COPD, with most studies 
to date focused on patients with a high frequency of 
exacerbations or severe or very severe airflow limitation, 
or both.13–17 Budesonide/glycopyrrolate/formoterol fumar
ate metered-dose inhaler (BGF MDI), formulated with co-
suspension delivery technology, is a triple fixed-dose 
combination of inhaled corticosteroid, LAMA, and LABA 
that is in development as a maintenance therapy for 
patients with COPD. Co-suspension delivery technology 
facilitates the formulation of multiple drugs into a single 
MDI device that provides consistent aerosol performance18 
and drug deposition throughout the lungs.19

In this study, we aimed to compare triple therapy 
(BGF MDI) with dual therapies (glycopyrrolate/
formoterol fumarate [GFF] MDI and budesonide/
formoterol fumarate [BFF] MDI), in symptomatic 
patients with moderate to very severe COPD, irrespect
ive of exacerbation history, measuring lung function, 
exacerbations, symptoms, and quality of life, and 
analysing the potential effect of peripheral eosinophil 
counts on treatment outcomes.

Research in context

Evidence before this study
The benefits of therapies containing inhaled corticosteroids 
have been shown in patients with chronic obstructive 
pulmonary disease (COPD), but concern regarding the 
risk-to-benefit ratio of long-term administration of inhaled 
corticosteroids has led to their recommended use only as a 
treatment option in patients with a history of exacerbations 
who continue to experience disease symptoms or 
exacerbations. However, real-world evidence suggests that 
inhaled corticosteroids are prescribed to patients with COPD 
across the spectrum of symptom severity and exacerbation risk. 
Potential benefits of fixed-dose combination triple therapy 
(inhaled corticosteroid, long-acting muscarinic antagonist 
[LAMA], and long-acting β2-agonist [LABA]), compared with 
fixed-dose combination dual therapies (LAMA and LABA or 
inhaled corticosteroid and LABA), are not well defined in 
symptomatic patients with COPD, particularly those with low 
exacerbation risk. Furthermore, the role of blood eosinophil 
counts as a predictor of patient response to inhaled 
corticosteroid therapy is unclear and largely based on 
retrospective analyses.

Added value of this study
To our knowledge, KRONOS is the first phase 3 study of a triple 
fixed-dose combination inhaled corticosteroid, LAMA, and 
LABA therapy in which the trial population was not enriched for 
patients who had COPD exacerbations in the year before study 

entry. The study population is representative of the majority of 
patients with moderate to very severe COPD who are seen in a 
clinical setting. More than 80% of the patients in KRONOS were 
symptomatic patients with moderate to very severe COPD who 
were not at high risk of exacerbations, a population that has 
not previously been the focus of phase 3 studies of triple 
therapies. We also did a prespecified subgroup analysis to 
investigate the relationship between blood eosinophil counts 
and treatment effects on lung function and exacerbation rates.

Implications of all the available evidence
Triple therapy improved lung function and symptoms, and 
reduced COPD exacerbations compared with dual fixed-dose 
combination therapies of inhaled corticosteroid and LABA, and 
LAMA and LABA, and was well tolerated in this patient 
population. The improvements in pre-dose trough FEV1 for 
BGF MDI versus GFF MDI were mainly in patients with baseline 
eosinophil levels higher than approximately 250 cells/mm3, 
whereas improvements in pre-dose trough FEV1 for BGF MDI 
versus BFF MDI were evident over a broad range of eosinophil 
levels. There were reductions of approximately 20% in the rate of 
moderate or severe exacerbations in the BGF MDI group versus 
the GFF MDI group, associated with eosinophil concentrations 
that most patients exceeded. This finding suggests that triple 
therapy with BGF MDI could be more effective in improving lung 
function and reducing the exacerbation risk than LAMA/LABA 
dual therapy in most patients with COPD.
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Methods
Study design and participants
KRONOS was a randomised, double-blind, parallel-
group, phase 3 randomised controlled trial done in 
215 sites across four countries (Canada, China, Japan, 
and the USA). Study sites included hospitals (n=108) and 
other care centres (n=107; mainly primary care and 
specialty centres).

Eligible patients were aged 40–80 years; were current 
or former smokers (with a smoking history of ≥10 pack-
years); had an established clinical history of COPD, as 
defined by the American Thoracic Society (ATS)/
European Respiratory Society20 or by locally applicable 
guidelines21 and confirmed by the investigator; and 
had moderate to very severe COPD, as defined by a post-
bronchodilator FEV1 less than 80% and 25% or more, 
according to predicted normal values using National 
Health and Nutrition Examination Survey III reference 
equations,22 or applicable reference norms for Japan21,23 
and China (adjustment factor of 0·88).24 Patients were 
symptomatic (COPD Assessment Test score ≥10) despite 
receiving two or more inhaled maintenance therapies 
for at least 6 weeks before screening (appendix). Patients 
were not required to have had a COPD exacerbation 
within the preceding year.

Exclusion criteria included a current diagnosis of 
asthma or a diagnosis of any respiratory disease or 
condition other than COPD, which in the opinion of the 
investigator could influence the results. Patients were also 
excluded if they had acute worsening of COPD that 
required treatment with oral corticosteroids or antibiotics 
less than 6 weeks before screening, with less than a 4-week 
washout of corticosteroids or antibiotics before Visit 1, or 
during screening. Patients were excluded if they were 
hospitalised because of COPD within 3 months before or 
during screening, as were patients unable to show 
baseline FEV1 stability or perform acceptable spirometry.25 
Patients had to show that they could use an MDI correctly, 
with training provided if needed. We excluded patients 
who required a spacer device because they were unable to 
use the MDI correctly. Other exclusion criteria included 
change in smoking status within 6 weeks of or during 
screening, and the need for long-term oxygen therapy 
(>15 h/day). Full details can be found in the study protocol.

The study was done in accordance with Good Clinical 
Practice, including the Declaration of Helsinki. The 
protocol and informed consent form were approved by 
appropriate institutional review boards or independent 
ethics committees (appendix). All patients provided written 
informed consent before screening. Protocol amendments 
pertaining to study endpoints or data analyses are shown 
in the appendix.

Randomisation and masking
Study site personnel randomly assigned patients (2:2:1:1) 
using an interactive web response system to treat
ment with BGF MDI, GFF MDI, BFF MDI, or 

budesonide/formoterol fumarate dry-powder inhaler 
(BUD/FORM DPI). Randomisation was stratified by 
reversibility to salbutamol sulphate (yes/no), country, and 
disease severity (post-bronchodilator percent predicted 
FEV1 ≥50% or <50%). There was no enrichment for blood 
eosinophils as part of the study protocol. Patients, study 
site personnel, and the study sponsor were masked to 
treatment assignment for BGF MDI, GFF MDI, and BFF 
MDI, since all were administered from matching MDIs. 
BUD/FORM DPI (Symbicort Turbuhaler, AstraZeneca, 
AB, Södertälje, Sweden) was administered open-label. 
Since BFF MDI is not an approved therapy, BUD/FORM 
DPI was included in this study as an active comparator 
approved for COPD, to support BFF MDI use as an active 
comparator for BGF MDI.

Procedures
Eligible patients discontinued prohibited medications for 
COPD, which included LAMAs, LABAs, or both, for 
the study duration and had their COPD maintenance 
therapy adjusted for the screening period (appendix). 
Briefly, all patients received sponsor-provided, open-label 
ipratropium bromide (34 μg ex-actuator; Atrovent hydro-​
fluoroalkane [Boehringer Ingelheim Pharmaceuticals Inc, 
Ridgefield, CT, USA] or equivalent product) administered 
four times daily for maintenance of COPD, and were 
permitted to continue using inhaled corticosteroids during 
screening (providing they had been on a stable dose of 
inhaled corticosteroid for 4 weeks before screening). 
Ipratropium and inhaled corticosteroid were stopped 
before randomisation.

After randomisation, patients received BGF MDI 
320/18/9·6 µg (equivalent to budesonide/glycopyrronium/
formoterol fumarate dihydrate 320/14·4/10 µg; inhaled 
corticosteroid, LAMA, and LABA triple therapy), GFF MDI 
18/9·6 µg (LAMA and LABA dual therapy), BFF MDI 
320/9·6 µg (inhaled corticosteroid and LABA dual therapy), 
or open-label BUD/FORM DPI 400/12 μg (inhaled 
corticosteroid and LABA) as two inhalations twice-daily for 
24 weeks (appendix). All patients received sponsor-provided 
salbutamol sulphate (90 μg salbutamol base ex-actuator; 
Ventolin hydrofluoroalkane [GlaxoSmithKline, Research 
Triangle Park, NC, USA]), for rescue use as needed 
throughout the study. Rescue medication had to be 
withheld for at least 6 h before the start of test day 
procedures. The last dose of study drug must have been 
taken as scheduled the evening before test day procedures.

At each visit from randomisation onwards, spirometry 
was assessed by study personnel, the St George’s 
Respiratory Questionnaire (SGRQ) was completed by the 
participant, and electronic diary review was completed by 
study personnel, and occurrences of COPD exacerbations, 
medication changes, and adverse events were recorded. 
The Baseline Dyspnoea Index (BDI) questionnaire was 
completed at screening and the Transition Dyspnoea 
Index (TDI) questionnaire was completed at the remaining 
visits. Spirometry was done in accordance with ATS 

See Online for appendix

For the study protocol see  
https://astrazenecagrouptrials.
pharmacm.com/ST/Submission/
View?id=25410
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criteria,25 and all sites were provided with identical systems 
that met or exceeded the ATS minimum performance 
recommendations. Patients recorded daily rescue med
ication use and Evaluating Respiratory Symptoms COPD 
(E-RS: COPD) scores in the electronic diary.

There were predefined criteria for identifying and 
reporting exacerbations, pneumonia, and major adverse 
cardiovascular events (appendix). An external data mon
itoring committee oversaw the safety assessment. An 
independent clinical endpoint committee reviewed all 
adverse events reported as pneumonia or that potentially 
met criteria for major adverse cardiovascular events.

Blood eosinophil counts were measured at screening 
Visit 1 (of three planned visits) and at randomisation; the 
mean of non-missing values was recorded as the baseline 
blood eosinophil count. A history of COPD exacerbations 
in the previous year was obtained to characterise the 
study population.

Outcomes
Primary and secondary endpoints and treatment 
comparisons of interest differed according to regulatory 
registration requirements (appendix). The primary end
points for the Europe and Canada statistical analysis 
approach were 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]).

Secondary endpoints for the Europe and Canada 
statistical analysis approach were change from baseline 
in morning pre-dose trough FEV1 (BGF MDI vs BFF 
MDI), peak change from baseline in FEV1 within 4 h after 
dosing, rate of moderate or severe COPD exacerbations, 
TDI focal score (Europe statistical analysis approach 
only), change from baseline in daily rescue medication 
use, change from baseline in SGRQ total score, E-RS: 
COPD total score (RS-Total score), and time to clinically 
important deterioration (BGF MDI vs GFF MDI, 
vs BFF MDI, and vs BUD/FORM DPI), all over 24 weeks, 
and time to onset of action on Day 1 (the first post-dose 
timepoint at which the mean change from baseline in 
FEV1 exceeded 100 mL). CID was defined as a decrease of 
100 mL or more from baseline in trough FEV1, an 
increase of 4 points or more from baseline in SGRQ total 
score, a TDI focal score of –1 point or less, or a treatment-
emergent moderate or severe COPD exacerbation 
occurring up to week 24. Time to first moderate or severe 
exacerbation was an additional efficacy endpoint.

FEV1 AUC0–4 at week 24 (BGF MDI vs BFF MDI) and 
change from baseline in morning pre-dose trough FEV1 
at week 24 (BGF MDI vs GFF MDI) were primary 
endpoints for the US approach. Secondary endpoints for 
the US approach are shown in the appendix.

Details of the endpoints for the China/Japan statistical 
analysis approach are provided in the protocol. 

Additional prespecified analyses included examining the 
relationship of responses (morning pre-dose trough FEV1 
and rate of moderate or severe exacerbations) to baseline 
blood eosinophil counts. Safety endpoints included ad
verse events, 12-lead electrocardiograms (ECGs), clinical 
laboratory testing, and vital sign measurements.

Statistical analysis
Patients from all countries were included in all statistical 
analysis approaches. We did all analyses using SAS 
(version 9.4 or later). All efficacy assessments were relative 
to pre-dose baseline values obtained at randomisation 
(FEV1, BDI, and SGRQ), or over the last 7 days of 
screening (rescue medication use and RS-Total score). 
Baseline FEV1 was defined as the average of non-missing 
values obtained 60 min and 30 min before dosing on 
day 1 of treatment.

The primary estimand of interest for superiority 
testing was the efficacy estimand, which was defined 
as the hypothetical effect of the randomised treatment 
in all patients assuming continuation of randomised 
treatments for the duration of the study, regardless of 
actual compliance. We did the primary efficacy analysis 
for the efficacy estimand using the modified intention-
to-treat population (all patients with post-randomisation 
data obtained before discontinuation from treatment). 
We analysed patients according to assigned treatment 
group. The second estimand of interest for superiority 
testing was the attributable estimand, which we also 
assessed in the modified intention-to-treat population, 
accounting for patients who discontinued treatment 
because of lack of efficacy or tolerability (unfavourable 
outcomes), and imputing missing data; patients without 
data after randomisation were not included in 
the attributable estimand (appendix). The per-protocol 
estimand was the primary estimand for the non-
inferiority analyses of BFF MDI compared with BUD/
FORM DPI, and used the per-protocol population (all 
patients who were randomly assigned to treatment, 
used any amount of study treatment, and had post-
randomisation data obtained before any major protocol 
deviations).

For the primary efficacy analyses, all comparisons 
were for superiority except for the comparison of BFF 
MDI versus BUD/FORM DPI, which was for non-
inferiority (margin of –50 mL from lower bound of 
95% CI). We analysed the change from baseline in 
morning pre-dose trough FEV1 using a linear model 
with repeated measures. The model included treatment, 
visit, treatment by visit interaction, and inhaled corti
costeroid use at screening as categorical covariates, and 
baseline FEV1, percent reversibility to salbutamol, and 
baseline eosinophil counts as continuous covariates. We 
used an unstructured covariance matrix to model 
correlation within a patient. We calculated two-sided 
p values and point estimates with 95% CIs for each 
treatment difference.
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We analysed change from baseline in FEV1 AUC0–4 
over 24 weeks and at week 24 using a similar approach 
to that used for morning pre-dose trough FEV1. We 
calculated AUC using the trapezoidal rule and 
normalised it by dividing by the time (h) from dosing to 
the last measurement included. Details of the secondary 
endpoint statistical analyses, non-inferiority margins, 
type I error control, and sample size calculation are 
shown in the appendix. Treatment comparisons for 
which p values of 0·05 were reported wre considered as 
significant if they satisfied the type I error control 
strategy. Comparisons for which p was less than 0·05, 
which either failed or were not included in the type I 
error control strategy, are reported as nominally signifi
cant. This study is registered with ClinicalTrials.gov, 
number NCT02497001.

Role of the funding source
The funder of the study had a role in study design, data 
collection, data analysis, data interpretation, and writing 
of the report. The corresponding author had full access 
to all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between Aug 20, 2015, and Jan 5, 2018, 3047 patients 
were screened, of whom 1902 were randomly assigned to 
receive BGF MDI (n=640), GFF MDI (n=627), BFF MDI 
(n=316), or BUD/FORM DPI (n=319; figure 1).

Overall, 1411 (74%) of 1896 patients in the modified 
intention-to-treat population had no exacerbations in the 
preceding 12 months, and 88% had no severe exacer
bations and 1 or 0 moderate exacerbations in the 
preceding 12 months, 71·8% were receiving inhaled 
corticosteroids at screening, and 51·8% had baseline 
blood eosinophil counts ≥150 cells/mm³. There were no 
clinically relevant differences across treatment groups at 
baseline (table 1).

Over 24 weeks, BGF MDI significantly improved FEV1 
AUC0–4 versus BFF MDI (least squares mean [LSM] 
difference 104 mL, 95% CI 77 to 131; p<0·0001) and 
BUD/FORM DPI (91 mL, 64 to 117; p<0·0001; figure 2A; 
table 2). The change from baseline in morning pre-dose 
trough FEV1 over 24 weeks was significantly improved by 
BGF MDI versus GFF MDI (22 mL, 4–39 mL; p=0·0139) 
and BFF MDI (74 mL, 52 to 95 mL; p<0·0001; figure 2B; 
table 2). BFF MDI was non-inferior to BUD/FORM DPI 

Figure 1: Trial profile
BGF=budesonide/glycopyrrolate/formoterol fumarate. MDI=metered-dose inhaler. GFF=glycopyrrolate/formoterol fumarate. BFF=budesonide/formoterol fumarate. BUD/FORM DPI=budesonide/formoterol 
fumarate dry-powder inhaler. *Two patients in the GFF MDI group and one patient in the BFF MDI group participated in multiple sponsor-led studies and were excluded from all analysis populations.

278 completed treatment
 318 included in the
  safety population
 318 included in the modified
  intention-to-treat
  population
 295 included in the 
                  per-protocol population

318 treated with open-label
          BUD/FORM DPI 400/12 µg

319 randomised to open-label
        BUD/FORM DPI 400/12 µg

40 discontinued
 15 patient discretion
 11 adverse events
 1 protocol-specified criteria
 2 lost to follow-up
 6 ack of efficacy
 4 major protocol violation
 1 investigator discretion

266 completed treatment
 314 included in the safety
  population
 314 included in the modified
                    intention-to-treat 
                    population
 298 included in the
  per-protocol population

315 treated* with BFF MDI
         320/9·6 µg

316 randomised to BFF MDI
          320/9·6 µg

48 discontinued
 19 patient discretion
 11 adverse events
 3 protocol-specified criteria
  6 lack of efficacy
 4 major protocol violation
 5 investigator discretion

524 completed treatment
 625 included in the safety
  population
 625 included in the modified
  intention-to-treat
  population
 587 included in the
  per-protocol population

627 treated* with GFF MDI
         18/9·6 µg

627 randomised to GFF MDI
         18/9·6 µg

101 discontinued
 37 patient discretion
 30 adverse events
  1 protocol-specified criteria
 2 lost to follow-up
 16 lack of efficacy
 4 major protocol violation
 11 investigator discretion

1902 randomly assigned

3047 patients assessed for eligibility

1145 excluded
 1139 ineligible
 6 screen failure

566 completed treatment
 639 included in the safety
  population
 639 included in the modified
  intention-to-treat
  population
 608 included in the
  per-protocol population

639 treated with BGF MDI
         320/18/9·6 µg

640 randomised to BGF MDI
         320/18/9·6 µg

73 discontinued
 14 patient discretion
 28 adverse events
 3 protocol-specified criteria
 10 lost to follow-up
 10 lack of efficacy
 3 major protocol violation
 5 investigator discretion
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for the change from baseline in morning pre-dose trough 
FEV1 over 24 weeks (per-protocol estimand LSM 
difference –10 mL, 95% CI –36 to 16; p=0·4390). There 
were consistent results from the secondary analyses of 
these endpoints with the attributable estimand (table 2).

Treatment differences were generally consistent over 
time: patients in the BGF MDI group had a significantly 
improved FEV1 AUC0–4 at week 24 compared with patients 
receiving BFF MDI (LSM difference 116 mL, 95% CI 
80 to 152; p<0·0001; figure 2A; appendix). Regarding the 
other primary endpoint for the US approach, there was a 
non-significant improvement in the change from 
baseline in morning pre-dose trough FEV1 at week 24 
versus GFF MDI (13 mL, –9 to 36 mL; p=0·2375; 
figure 2B; appendix); in the secondary analyses, there 
was a nominally significant improvement in this end
point (24 mL, 1 to 46 mL; p=0·0370; appendix).

BGF MDI significantly increased peak change from 
baseline in FEV1 over 24 weeks versus BFF MDI (LSM 
difference 105 mL, 95% CI 78–133; p<0·0001), but not 
versus GFF MDI (table 2). The time to onset of action on 
day 1 was within 5 min for all treatments (table 2).

The model-estimated rates of moderate or severe 
exacerbations were 0·46 per year for BGF MDI, 0·95 
per year for GFF MDI, 0·56 per year for BFF MDI, and 
0·55 per year for BUD/FORM DPI (table 3). The rate of 
moderate or severe exacerbations was significantly lower 
during treatment with BGF MDI versus GFF MDI 
(table 3). BGF MDI reduced the rate of moderate or severe 
exacerbations compared with BFF MDI and BUD/FORM 
DPI, but these reductions were not significant (table 3). 
For the additional endpoint of time to first moderate or 
severe exacerbation of COPD, the risk during treatment 
with BGF MDI was nominally significantly lower versus 
GFF MDI (hazard ratio [HR] 0·593; p<0·0001 [Cox 
regression] and p=0·0001 [log rank]) and numerically 
lower versus BFF MDI (HR 0·747; p=0·0635 [Cox 
regression] and p=0·0281 [log rank]; figure 3).

BGF MDI significantly improved TDI focal score 
versus BUD/FORM DPI, but not versus GFF MDI and 
BFF MDI, and provided nominally significant 
improvements in change from baseline in RS-Total 
score over 24 weeks versus GFF MDI but not BFF MDI 
or BUD/FORM DPI (table 3). BGF MDI also resulted in 
nominally significant improvements in SGRQ total 
score over 24 weeks versus GFF MDI but not BFF MDI 
or BUD/FORM DPI (table 3).

Time to clinically important deterioration was 
nominally significantly reduced by BGF MDI versus BFF 
MDI and BUD/FORM DPI, but there was no difference 
compared with GFF MDI (table 3). There was no 
significant difference between groups in the average 
puffs per day of daily rescue medication (table 3).

BFF MDI was non-inferior to BUD/FORM DPI over 
24 weeks for most other applicable type I error controlled 
endpoints (FEV1 AUC0−4 [primary endpoint], TDI focal 
score, SGRQ total score, and RS-Total score; appendix). 

BGF MDI 
320/18/9·6 µg 
(n=639)

GFF MDI 
18/9·6 µg 
(n=625)

BFF MDI 
320/9·6 µg 
(n=314)

Open-label 
BUD/FORM DPI 
400/12 µg 
(n=318)

Mean age, years 64·9 (7·8) 65·1 (7·7) 65·2 (7·2) 65·9 (7·7)

Sex

Male 460 (72·0%) 430 (68·8%) 224 (71·3%) 236 (74·2%)

Female 179 (28·0%) 195 (31·2%) 90 (28·7%) 82 (25·8%)

Ethnicity

White 329 (51·5%) 301 (48·2%) 157 (50·0%) 163 (51·3%)

Black 23 (3·6%) 38 (6·1%) 15 (4·8%) 14 (4·4%)

Asian 284 (44·4%) 285 (45·6%) 142 (45·2%) 141 (44·3%)

Other 3 (0·5%) 1 (0·2%) 0 0

Mean body mass 
index, kg/m²

26·1 (6·7) 26·3 (6·4) 26·1 (5·8) 26·2 (6·3)

Current smoker 256 (40·1%) 257 (41·1%) 115 (36·6%) 122 (38·4%)

Median number of 
pack-years smoked*

45·0 (10·0–256·0) 45·0 (10·0–171·0) 45·0 (10·0–192·0) 45·0 (10·0–180·0)

COPD severity

Mild 2 (0·3%) 0 1 (0·3%) 0

Moderate 310 (48·5%) 306 (49·0%) 154 (49·0%) 160 (50·3%)

Severe 275 (43·0%) 267 (42·7%) 133 (42·4%) 138 (43·4%)

Very severe 52 (8·1%) 52 (8·3%) 26 (8·3%) 20 (6·3%)

Mean COPD 
duration, years

7·1 (6·0) 6·5 (5·4) 7·3 (6·2) 6·7 (5·5)

Moderate or severe COPD exacerbations in the past 12 months

0 469 (73·4%) 473 (75·7%) 235 (74·8%) 234 (73·6%)

1 125 (19·6%) 108 (17·3%) 61 (19·4%) 59 (18·6%)

≥2 45 (7·0%) 44 (7·0%) 18 (5·7%) 25 (7·9%)

Moderate or severe exacerbation rate

Mean 0·4 (0·8) 0·3 (0·7) 0·3 (0·6) 0·4 (0·8)

Median 0·0 (0–8) 0·0 (0–5) 0·0 (0–4) 0·0 (0–8)

Eosinophils

Median cells 
per mm³

150·0 
(10·0–2815·0)

155·0 
(15·0–2490·0)

152·5 
(15·0–920·0)

150·0 
(35·0–1100·0)

<150 cells/mm³ 314 (49·1%) 291 (46·6%) 151 (48·1%) 157 (49·4%)

≥150 cells/mm³ 325 (50·9%) 334 (53·4%) 163 (51·9%) 161 (50·6%)

Post-salbutamol FEV1, % predicted

Number 639 624 314 318

Mean 50·2 (14·3) 50·2 (13·8) 50·0 (14·0) 50·7 (13·8)

Reversibility to salbutamol

Number 639 623 314 317

Mean difference in 
FEV1 before and 
after salbutamol, 
mL

199·7 (144·5) 191·7 (154·2) 195·8 (162·1) 212·2 (152·7)

Reversible† 286 (44·8%) 266 (42·6%) 130 (41·4%) 140 (44·0%)

Use of inhaled 
corticosteroid at 
screening

464 (72·6%) 447 (71·5%) 225 (71·7%) 225 (70·8%)

BDI focal score

Number 614 587 296 291

Mean 6·4 (2·1) 6·5 (2·1) 6·4 (2·2) 6·3 (2·2)

SGRQ total score

Number 621 595 298 297

Mean 44·1 (17·0) 43·9 (16·4) 43·5 (17·0) 43·9 (17·5)

(Table 1 continues on next page)
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Non-inferiority was not shown for average daily rescue 
medication use or risk of clinically important deterioration, 
although for the latter there was insufficient evidence to 
conclude that treatment effects differed and the former 
might have been influenced by the open-label nature of 
BUD/FORM DPI.

The prespecified subgroup analysis of treatment 
responses by blood eosinophil count showed that im
provements in change from baseline in morning pre-
dose trough FEV1 for BGF MDI relative to GFF MDI were 
driven by patients with at least 150 cells/mm³ (appendix). 
Further analyses of response by continuous baseline 
eosinophil count with locally weighted scatter-plot 
smoothing (LOESS) showed that the differences in 
improvements in morning pre-dose trough FEV1 between 
BGF MDI and GFF MDI over 24 weeks increased with 
blood eosinophil counts and occurred primarily at 
eosinophil counts above approximately 250 cells/mm³ 

(figure 4A). By contrast, improvements in morning pre-
dose trough FEV1 with BGF MDI versus BFF MDI 
occurred across a broad range of eosinophil counts 
(figure 4B; appendix). The LOESS curves for BGF MDI 
and BFF MDI converged from around 400 cells per mm³ 
but these results should be interpreted with caution 
because of the variability that resulted from only 
approximately 5% of patients having blood eosinophil 
levels of 400 cells per mm3 or more.

The rates of moderate or severe exacerbations with BGF 
MDI were lower than with GFF MDI for patients in both 
eosinophil subgroups (appendix), with locally weighted 
scatter-plot smoothing showing that treatment differences 
increased with baseline blood eosinophil concentrations; 
beginning at approximately 75–100 cells/mm³ (figure 4C), a 
level exceeded by more than 75% of patients (figure 4C; 
appendix). No apparent differences were seen between 
BGF MDI and GFF MDI below these concentration 
thresholds. Differences between BGF MDI and BFF MDI 
in the rate of moderate or severe exacerbations were similar 
across most eosinophil counts (figure 4D; appendix).

The incidence of treatment-emergent adverse events, 
treatment-related adverse events, serious treatment-
emergent adverse events, and treatment-emergent adverse 
events leading to discontinuation was similar across 
treatments (table 4). The most common treatment-emerg
ent adverse events were nasopharyngitis (n=49 [8%] in the 
BGF MDI group; n=41 [7%] in the GFF MDI group; n=26 
[8%] in the BFF MDI group; and n=30 [9%] in the BUD/
FORM DPI group) and upper respiratory tract infection 
(n=65 [10%]; n=38 [6%]; n=18 [6%]; and n=22 [7%]).  The 
incidence of severe treatment-emergent adverse events 
was similar across treatments (ranging from 18 [5·7%] of 
314 patients in the BFF MDI group to 60 [9·6%] of 
625 patients in the GFF MDI group). 

The most frequently reported serious treatment-
emergent adverse events were COPD (70 [3·7%] of 
1896 patients) and pneumonia (15 [0·8%] patients; 
table 4; appendix). The rates of cases of major adverse 

cardiovascular events and pneumonia, confirmed by the 
clinical endpoint committee, were low and similar across 
treatments (table 4). Non-adjudicated major adverse 

BGF MDI 
320/18/9·6 µg 
(n=639)

GFF MDI 
18/9·6 µg 
(n=625)

BFF MDI 
320/9·6 µg 
(n=314)

Open-label 
BUD/FORM DPI 
400/12 µg 
(n=318)

(Continued from previous page)

Mean CAT total score 18·7 (6·4) 18·1 (6·1) 18·4 (6·6) 18·0 (6·4)

Rescue medication use‡

Number 293 269 141 155

Median puffs 
per day

3·6 (1·0–13·0) 3·7 (1·0–18·4) 3·9 (1·0–17·7) 3·9 (1·0–20·3)

Data are mean (SD), median (range), or n (%), unless otherwise indicated. BGF=budesonide/glycopyrrolate/formoterol 
fumarate. MDI=metered dose inhaler. GFF=glycopyrrolate/formoterol fumarate. BFF=budesonide/formoterol 
fumarate. BUD/FORM DPI=budesonide/formoterol fumarate dry powder inhaler. COPD=chronic obstructive 
pulmonary disease. BDI=Baseline Dyspnoea Index. SGRQ=St George’s Respiratory Questionnaire. CAT=COPD 
Assessment Test. *Number of pack-years smoked=(number of cigarettes each day/20) × number of years smoked. 
†Reversible was defined as improvement in FEV1 after salbutamol administration (compared with before salbutamol 
administration) of 12% or more and 200 mL or more. ‡Rescue medication user population. 

Table 1: Demographic and baseline disease characteristics of the modified intention-to-treat population

Figure 2: Primary lung function endpoints over time, in the modified intention-to-treat population
(A) FEV1 AUC0–4. (B) Change from baseline in morning pre-dose trough FEV1. Error bars represent SE. AUC0–4=area 
under the curve 0–4 h. BGF=budesonide/glycopyrrolate/formoterol fumarate. MDI=metered-dose inhaler. 
GFF=glycopyrrolate/formoterol fumarate. BFF=budesonide/formoterol fumarate. 
BUD/FORM DPI=budesonide/formoterol fumarate dry-powder inhaler.
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cardiovascular events and pneumonia rates are shown in 
the appendix.

12 deaths occurred during the study, caused by cancer 
(n=2 in the BGF MDI group, n=2 in the BFF MDI 
group), cardiovascular disease (n=2 in the BGF MDI 
group, n=1 in the GFF MDI group), worsening of 
COPD (n=2 in the GFF MDI group), pneumonia 
(n=1 in the BUD/FORM DPI group), or other causes 
(n=1 smoke inhalation and n=1 sepsis, both in the BGF 

MDI group). There were two deaths in the GFF MDI 
group, both caused by worsening of COPD, which 
were judged by the investigator to be related to study 
drug treatment.

BGF MDI was not associated with clinically meaningful 
changes in haematology, clinical chemistry, kidney 
function, or urinalysis variables. Effects on vital signs 
(heart rate or blood pressure) and ECG parameters 
(QTcF, PR, or QRS interval prolongation) were small and 
similar across treatments (data not shown).

Discussion
BGF MDI provided clinically meaningful improvements 
in lung function versus BFF MDI and BUD/FORM DPI, 
with modest improvements reported for BGF MDI 
versus GFF MDI. However, the primary reason for 
inhaled corticosteroid use in COPD is to control 
exacerbations, and there were significant reductions in 
exacerbation rates for BGF MDI versus GFF MDI. BFF 
MDI was non-inferior to BUD/FORM DPI for the 
primary and most secondary endpoints.

Unlike previous phase 3 trials of triple therapies (fixed-
dose combination inhaled corticosteroid, LAMA, and 
LABA), KRONOS was not restricted to patients with a 
history of COPD exacerbations.13–17 Therefore, in addition 
to supporting the use of triple therapy in patients with 
high exacerbation risk, the results of this study are 
particularly important for patients with low exacerbation 
risk. Patients entering the study were required to be 
symptomatic despite being on two or more inhaled 
maintenance therapies. This requirement arguably 
represents a patient who, because of continued symptoms 
or exacerbation risk, would be considered for additional 
treatment options, such as triple fixed-dose combination 
therapy. KRONOS is the second study published that 
compares triple therapy with corresponding dual 
therapies delivered by the same platform. This study 
design ensures that improvements observed with the 
triple versus dual therapies were due to the combined 
effect of active compounds rather than differences in 
device, drug, or dosing strategy.

Somewhat surprisingly for this population, the addition 
of inhaled corticosteroid to LAMA and LABA dual therapy 
(BGF MDI vs GFF MDI) showed a marked reduction in 
exacerbation frequency. There was a similar trend in 
exacerbation rates for triple therapy versus dual therapies 
in the TRIBUTE13 and IMPACT16 studies, both done over 
52 weeks in patients with a high risk of COPD exacerbation. 
The difference in exacerbation rates with BGF MDI versus 
BFF MDI and versus BUD/FORM DPI was not significant, 
probably because a larger sample size would have been 
required, but the magnitude of effect between triple 
therapy and dual therapies was similar to those seen in 
IMPACT16 and the 52-week TRILOGY study.14 Additionally, 
in our study, in which patients discontinued any previous 
inhaled corticosteroid at randomisation, the time to first 
moderate or severe exacerbation showed a cumulative 

BGF MDI 
320/18/9·6 µg 
(n=639)

GFF MDI 
18/9·6 µg 
(n=625)

BFF MDI 
320/9·6 µg 
(n=314) 

Open-label 
BUD/FORM DPI 
400/12 µg 
(n=318) 

Primary endpoints

FEV1 AUC0−4, mL

Number of patients 501 485 245 248

LSM 305 288 201 214

SE 8·4 8·5 11·7 11·5

LSM (95% CI); p value NA 16 (–6 to 38); 
p=0·1448

104 (77 to 131); 
p<0·0001*

91 (64 to 117); 
p<0·0001*

Change from baseline in morning pre-dose trough FEV1, mL

Number of patients 622 601 300 301

LSM 147 125 73 88

SE 6·5 6·6 9·2 9·1

LSM (95% CI); p value NA 22 (4 to 39); 
p=0·0139*

74† (52 to 95); 
p<0·0001*

59 (38 to 80); 
p<0·0001‡

Secondary endpoints

FEV1 AUC0−4, mL§

Number of patients 501 485 245 248

LSM 293 271 189 204

SE 8·4 8·4 11·6 11·4

LSM (95% CI); p value NA 22 (0 to 43); 
p=0·0488‡

104 (77 to 130); 
p<0·0001*

89 (63 to 116); 
p<0·0001*

Change from baseline in morning pre-dose trough FEV1, mL§

Number of patients 622 601 300 301

LSM 137 110 63 80

SE 6·6 6·6 9·3 9·2

LSM (95% CI); p value NA 27 (9 to 45); 
p=0·0027*

74 (52 to 96); 
p<0·0001

56 (35 to 78); 
p<0·0001‡

Peak change from baseline in FEV1 <4 h after dose, mL

Number of patients 501 485 245 248

LSM 381 364 275 291

SE 8·8 8·9 12·2 12·0

LSM (95% CI); p value NA 17 (–6 to 40); 
p=0·1425

105 (78 to 133); 
p<0·0001

90 (62 to 118); 
p<0·0001

Time to onset of action on day 1 (change from baseline in FEV1 at 5 min after dose, mL)

Number of patients 429 417 220 210

Mean 175 180 160 164

SD 122 131 116 122

Least squares mean results are for the treatment difference for BGF MDI versus comparators. Results are for efficacy 
estimand, unless otherwise stated. BGF=budesonide/glycopyrrolate/formoterol fumarate. MDI=metered dose inhaler. 
GFF=glycopyrrolate/formoterol fumarate. BFF=budesonide/formoterol fumarate. BUD/FORM DPI=budesonide/
formoterol fumarate dry powder inhaler. AUC0–4=area under the curve from 0 to 4 h. LSM=least squares mean. NA=not 
applicable. *Prespecified comparison. †Prespecified secondary endpoint. ‡Nominally significant (ie, not significant 
after type I error control or not included in the type I error control strategy). §Attributable estimand.

Table 2: Primary endpoints and lung function secondary endpoints 
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incidence of exacerbations for GFF MDI, BFF MDI, and 
BUD/FORM DPI that diverged over time, not just in the 
first 4 weeks, indicating that results were not driven solely 
by withdrawal of inhaled corticosteroid, as postulated 
previously for IMPACT.26 Our finding, that adding a LAMA 
to inhaled corticoisteroid and LABA (BGF MDI vs BFF 
MDI) improved lung function, is consistent with previous 
triple fixed-dose combination therapy studies.14,16

There were notable changes from baseline for symptom-
based endpoints for all treatments. However, in studies 
with only active treatment groups, the magnitude of 
differences between treatments can be small and thus 
these endpoints might not always act as sensitive 
differentiators between active treatments. Nonetheless, 
numerical improvements in symptoms and quality-of-life 
endpoints generally favoured BGF MDI relative to the 
comparators.

The exacerbation history captured from the year before 
study entry was lower than the model-estimated exacer
bation rates observed during the study, especially with 
GFF MDI. This finding raises the point of whether 
asking patients standard questions about exacerbations 
and acute COPD treatments are an accurate measure of 
exacerbation risk, since they require patients to recall 
these details correctly. Alternatively, as noted in the 
ECLIPSE study,27 exacerbation variability might simply 
be a function of time, with divergent exacerbation 
patterns in many patients on a year-by-year basis.27 
Notwithstanding the reason for the trend in exacerbation 
rates before and during this study, results support the 
importance of therapies containing inhaled cortico
steroids for preventing exacerbations in symptomatic 
patients with COPD.

The role of peripheral blood eosinophils as a predictor of 
clinical response is uncertain, with findings both for and 
against their use as a biomarker in patients with COPD.11,12 
Our LOESS regression showed an association between 
blood eosinophil counts and improvements in lung 
function and COPD exacerbation rates with combinations 
containing inhaled corticosteroids (ie, BGF MDI and BFF 
MDI), consistent with findings from a post-hoc analysis.28 
The relationship between blood eosinophil levels and the 
rate of moderate or severe COPD exacerbations will be 
further characterised in the 52-week phase 3 ETHOS 
study (NCT02465567), which is investigating two doses of 
BGF MDI compared with BFF MDI and GFF MDI and 
aims to randomly assign more than 2000 patients per 
treatment group.

Overall, the safety profile of BGF MDI was comparable 
with the well established profiles of the approved 
products GFF MDI and BUD/FORM DPI, as well as BFF 
MDI. The incidence of major adverse cardiovascular 
events was low and similar across treatments, supporting 
previous studies of GFF MDI that showed that potential 
class effects of LAMAs and LABAs on cardiovascular 
safety were not observed in healthy participants or 
patients with COPD.29 Notably, incidences of adjudicated 

pneumonia were low and comparable between BGF MDI 
(2%) and GFF MDI (2%), suggesting that the budesonide 
dose used in the triple therapy was not associated with an 
appreciably increased risk of pneumonia compared with 

BGF MDI 
320/18/9·6 µg

GFF MDI 
18/9·6 µg

BFF MDI 
320/9·6 µg

Open-label BUD/
FORM DPI 
400/12 µg

Model-estimated rate of moderate or severe COPD exacerbations

Number of patients 639 625 314 318

Rate, per year 0·46 0·95 0·56 0·55

Rate ratio (95% CI); 
p value*

NA 0·48 
(0·37 to 0·64); 
p<0·0001

0·82 
(0·58 to 1·17); 
p=0·2792

0·83 
(0·59 to 1·18); 
p=0·3120

TDI focal score

Number of patients 614 587 296 291

LSM 1·25 1·07 1·01 0·78

SE 0·09 0·09 0·13 0·13

LSM (95% CI); p value* NA 0·18 
(–0·07 to 0·43); 
p=0·1621

0·24 
(–0·07 to 0·54); 
p=0·1283

0·46 
(0·16 to 0·77); 
p=0·0031

Change from baseline in RS-Total score

Number of patients 638 621 313 313

LSM –1·1 –0·7 –1·0 –1·0

SE 0·13 0·14 0·19 0·19

LSM (95% CI); p value* NA –0·38 
(–0·74 to –0·01); 
p=0·0430†

–0·16 
(–0·61 to 0·28); 
p=0·4790

–0·16 
(–0·60 to 0·29); 
p=0·4923

Change from baseline in SGRQ total score

Number of patients 621 595 298 297

LSM –7·5 –6·3 –7·1 –6·3

SE 0·47 0·47 0·61 0·62

LSM (95% CI); p value* NA –1·22 
(–2·30 to –0·15); 
p=0·0259†

–0·45 
(–1·78 to 0·87); 
p=0·5036

–1·26 
(–2·58 to 0·06); 
p=0·0617

Time to CID‡

Number of patients 639 625 314 318

Patients with CID, n (%) 411 (64·3%) 413 (66·1%) 216 (68·8%) 225 (70·8%)

Hazard ratio (95% CI); 
p value*

NA 0·88 
(0·76 to 1·00); 
p=0·0593

0·83 
(0·70 to 0·98); 
p=0·0276†

0·81 
(0·69 to 0·96); 
p=0·0119†

Change from baseline in average daily rescue medication use, puffs per day§

Number of patients 293 269 141 155

LSM –1·3 –1·1 –1·1 –1·6

SE 0·13 0·13 0·18 0·17

LSM (95% CI); p value* NA –0·25 
(–0·60 to 0·09); 
p=0·1446

–0·24 
(–0·65 to 0·18); 
p=0·2661

0·23 
(–0·17 to 0·63); 
p=0·2667

Results are for the efficacy estimand. CID=clinically important deterioration. BGF=budesonide/glycopyrrolate/
formoterol fumarate. MDI=metered dose inhaler. GFF=glycopyrrolate/formoterol fumarate. BFF=budesonide/
formoterol fumarate. BUD/FORM DPI=budesonide/formoterol fumarate dry powder inhaler. COPD=chronic 
obstructive pulmonary disease. NA=not applicable. TDI=Transition Dyspnoea Index. LSM=least squares mean. RS-Total 
score=Evaluating Respiratory Symptoms in COPD Total score. SGRQ=St George’s Respiratory Questionnaire. 
*Treatment difference for BGF MDI versus comparators. †Nominally significant (ie, not significant after type I error 
control or not included in the type I error control strategy). ‡CID was defined as a decrease of 100 mL or more from 
baseline in trough FEV1, an increase of 4 points or more from baseline in SGRQ total score, a TDI focal score of –1 point 
or less, or a treatment-emergent moderate or severe COPD exacerbation occurring up to week 24. §Rescue medication 
user population.

Table 3: Exacerbations, symptoms, quality of life, and CID endpoints, over 24 weeks
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dual bronchodilator therapy. This finding is consistent 
with pneumonia rates reported for budesonide/
formoterol compared with formoterol monotherapy in 
studies over 6 and 12 months.4,6 In IMPACT,16 the 
incidence of pneumonia over 52 weeks in the fluticasone 
furoate-containing treatment arms (fluticasone furoate, 
umeclidinium, and vilanterol [inhaled corticosteroid, 
LAMA, and LABA] and fluticasone furoate and vilanterol 
[inhaled corticosteroid and LABA]) was higher than with 
umeclidinium and vilanterol (LAMA and LABA).16

Limitations included the shorter study duration of 
KRONOS (24 weeks) than other phase 3 studies of triple 
fixed-dose combination therapies for chronic obstructive 
pulmonary disease (52 weeks),13–17 especially when con
sidering exacerbations and long-term risks. However, 
the exacerbation rates observed in KRONOS were 
consistent with those from longer-term studies13,16 and 
most patients (>70%) were taking an inhaled corticos
teroid before study participation. Additionally, although 
we assessed the associations between lung function, 
exacerbations, and eosinophil levels using blood 
eosinophil levels at baseline, we did not use eosinophil 
levels to prospectively stratify therapy. Such studies, 

Figure 4: Lung function and exacerbation responses by blood eosinophil counts, in the modified intention-to-treat population
Change from baseline in morning pre-dose trough FEV1 for BGF MDI versus GFF MDI (A) and BGF MDI versus BFF MDI (B), and rate of moderate or severe COPD exacerbations for BGF MDI versus 
GFF MDI (C) and BGF MDI versus BFF MDI (D). The banded areas represent 95% CIs. BGF=budesonide/glycopyrrolate/formoterol fumarate. MDI=metered-dose inhaler. GFF=glycopyrrolate/formoterol 
fumarate. BFF=budesonide/formoterol fumarate. COPD=chronic obstructive pulmonary disease.

Figure 3: Time to first exacerbation of chronic obstructive pulmonary disease
BGF=budesonide/glycopyrrolate/formoterol fumarate. MDI=metered-dose inhaler. GFF=glycopyrrolate/formoterol 
fumarate. BFF=budesonide/formoterol fumarate. BUD/FORM DPI=budesonide/formoterol fumarate dry-powder 
inhaler.
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including the ongoing ETHOS study (NCT02465567), 
will help to further elucidate the use of eosinophils as a 
biomarker in chronic obstructive pulmonary disease.

A history of exacerbations was not an entry requirement 
for KRONOS, which might have influenced exacerbation 
results compared with other studies. However, we believe 
that the patient population is a strength of the trial design, 
since it encompassed a broader range of disease severity 
compared with other triple fixed-dose combination 
studies.13–16 The results suggest that previous treatment 
with inhaled corticosteroids might be indicative of an 
exacerbation risk that is not accurately captured by 
history alone.

The results of this study challenge recommendations 
that inhaled corticosteroids should be considered only as 
a treatment option for patients with high exacerbation 
risk. The findings show that a much broader patient 
population than currently recommended could benefit 
from triple fixed-dose combination therapy, and might 
identify the potential role for triple fixed-dose combination 
therapy in symptomatic patients whose condition is not 
adequately controlled by dual therapy, irrespective of 
exacerbation risk.
Contributors
GTF, KFR, LMF, CW, MI, EB, SB, PDa, CR, and PDo conceived and 
designed the study. GTF, CW, MI, EB, and KD acquired the data. GTF, 

BGF MDI 
320/18/9·6 µg 
(n=639)

GFF MDI 
18/9·6 µg 
(n=625)

BFF MDI 
320/9·6 µg 
(n=314)

Open-label 
BUD/FORM DPI 
400/12 µg 
(n=318)

Treatment-emergent adverse events*

Patients with ≥1 treatment-emergent adverse event 388 (61%) 384 (61%) 175 (56%) 183 (58%)

Patients with treatment-emergent adverse events related† to study treatment 112 (18%) 91 (15%) 48 (15%) 40 (13%)

Patients with serious treatment-emergent adverse events 55 (9%) 68 (11%) 21 (7%) 29 (9%)
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Data are n (%). BGF=budesonide/glycopyrrolate/formoterol fumarate. MDI=metered dose inhaler. GFF=glycopyrrolate/formoterol fumarate. BFF=budesonide/formoterol 
fumarate. BUD/FORM DPI=budesonide/formoterol fumarate dry powder inhaler. COPD=chronic obstructive pulmonary disease. *Numbers are number of patients. †Possibly, 
probably, or definitely related in the opinion of the investigator. ‡Confirmed by clinical endpoint committee. §By preferred term. 
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