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Background: In the FULFIL trial, once-daily single-inhaler triple therapy with fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) 
resulted in reduced moderate/severe exacerbation rates and conferred significant improvements in lung function and health status in patients 
with chronic obstructive pulmonary disease (COPD) versus twice-daily budesonide/formoterol (BUD/FOR) dual therapy.
Methods: FULFIL was a Phase III, randomized, double-blind, double-dummy, parallel-group study. Patients ≥40 years of age with 
symptomatic COPD were randomized 1:1 to FF/UMEC/VI 100/62.5/25 mcg or BUD/FOR 400/12 mcg. In this post hoc analysis, 
patients were categorized by exacerbation history in the year prior to study entry (≥1 moderate/severe exacerbation [recent 
exacerbation] versus no recent exacerbation). Endpoints included annual rate of on-treatment moderate/severe exacerbations up to 
Week 24, annual rate of on-treatment severe exacerbations up to Week 24, change from baseline in trough forced expiratory volume in 
1 second at Week 24, and change from baseline in health status as measured by St George’s respiratory questionnaire total score at 
Week 24.
Results: Of the 1810 patients in the intent-to-treat population, 1180 (65%) had one or more moderate/severe exacerbation in the year prior 
to entry, while 630 (35%) patients did not. FF/UMEC/VI versus BUD/FOR significantly reduced moderate/severe exacerbation rates in the 
recent exacerbation subgroup (mean annualized rate: 0.19 vs 0.29; rate ratio [95% confidence interval [CI]]: 0.64: [0.45, 0.91]; p=0.014) and 
numerically reduced moderate/severe exacerbation rates in the no recent exacerbation subgroup (mean annualized rate: 0.29 vs 0.43; rate 
ratio [95% CI]: 0.67 [0.43, 1.04]; p=0.073). Severe exacerbation rates were numerically reduced with FF/UMEC/VI versus BUD/FOR 
treatment across both subgroups. FF/UMEC/VI conferred significant improvements in lung function and health status versus BUD/FOR, 
regardless of recent exacerbation history.
Conclusion: FF/UMEC/VI reduced moderate/severe and severe exacerbation rates and improved lung function and health status 
versus BUD/FOR in patients with symptomatic COPD, regardless of recent exacerbation history.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a preventable and treatable respiratory disease that is a leading cause 
of morbidity and mortality worldwide.1,2 COPD is characterized clinically by dyspnea, chronic cough and sputum 
production, and frequent exacerbations. Treatment strategies for COPD primarily focus on symptom management and 
exacerbation prevention.2

COPD exacerbations are defined as periods of worsening respiratory symptoms resulting in additional therapy.2 

Exacerbations contribute to the overall disease burden experienced by patients with COPD and are associated with 
increased medical costs and healthcare resource utilization.3–6 In particular, severe exacerbations, defined as those 
requiring hospitalization, place a higher clinical and financial burden on patients and health-care systems than moderate 
exacerbations that do not require inpatient care.3,6 A history of an exacerbation in the prior year is a major risk factor for 
predicting future exacerbations.2,7,8 Recently, investigators examined the frequency and associations of exacerbations in 
the ECLIPSE trial over a 3-year period, and observed that the single best predictor of future exacerbations was having 
a recent history of exacerbations.7 In a subsequent analysis of risk factors for severe exacerbations within the ECLIPSE 
population, having a prior history of COPD exacerbations requiring hospital admission was associated with the highest 
risk of a new hospitalization for exacerbation.8

The FULFIL study evaluated once-daily fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) inhaled corticosteroid 
/long-acting muscarinic receptor antagonist/long-acting β2-agonist (ICS/LAMA/LABA) triple therapy versus twice-daily bude-
sonide/formoterol (BUD/FOR) ICS/LABA dual therapy in patients with symptomatic COPD.9 The results indicated clinically 
meaningful and statistically significant improvements in lung function and health status, as well as reductions in moderate/severe 
exacerbation annualized rates in patients receiving FF/UMEC/VI versus those receiving BUD/FOR.9 FULFIL allowed the 
inclusion of a broad and generalizable patient population with COPD, including those with and without a history of 
exacerbations.9 In contrast, most clinical studies to date comparing triple versus dual therapies have been performed only in 
patient populations with a history of exacerbations.10–17 For example, patients from the TRIBUTE, TRILOGY, IMPACT and 
ETHOS trials were required to have a history of exacerbations in the year prior to study entry and as such were deemed at high 
risk of future exacerbations.12,14–16 However, similar to FULFIL, the recent KRONOS trial also included patients with and 
without a history of exacerbations.18,19

As history of exacerbations is one of the major risk factors for future exacerbations, we sought to investigate whether 
the effects of triple versus dual therapy on exacerbation outcomes in the FULFIL population were driven by patients with 
a recent history of exacerbations. Since severe exacerbations place a high clinical and financial burden on both patients 
and health-care systems, understanding treatment effects on severe exacerbation rates in the FULFIL population is of 
interest. Our post hoc analyses of FULFIL evaluated the efficacy of FF/UMEC/VI versus BUD/FOR on exacerbation 
outcomes, including severe exacerbations, in patients with and without a history of exacerbations in the year prior to 
study entry.

Materials and Methods
Study Design
The FULFIL trial (NCT02345161; GSK study CTT116853) was a phase III, randomized, double-blind, double-dummy, 
parallel-group, multicenter study comparing once-daily single-inhaler triple therapy with FF/UMEC/VI with twice daily 
dual therapy with BUD/FOR. The trial design has been described previously.9 Patients were randomized (1:1) to receive 
24 weeks of treatment with either FF/UMEC/VI 100/62.5/25 mcg once daily via the ELLIPTA inhaler and twice-daily 
placebo using the Turbuhaler, or BUD/FOR 400/12 mcg twice daily via the Turbuhaler and once-daily placebo using the 
ELLIPTA inhaler. An extension subgroup remained on blinded treatment for up to 52 weeks.9

Study Population
Inclusion/exclusion criteria have been described previously.9 Briefly, eligible patients were ≥40 years of age with 
symptomatic COPD (COPD Assessment Test score ≥10) and had a forced expiratory volume in 1 second (FEV1) 
<50% of predicted normal values with or without a history of exacerbations in the prior year, or an FEV1 of ≥50–<80% 
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of predicted normal values and ≥2 moderate exacerbations or ≥1 severe exacerbation in the prior year. Exclusion criteria 
included current diagnosis of asthma, and unresolved pneumonia or an unresolved severe COPD exacerbation within 14 
days of screening. The study was conducted in accordance with Good Clinical Practice guidelines and the provisions of 
the Declaration of Helsinki and received approval from local institutional review boards and independent ethics 
committees.

Endpoints
The efficacy and safety endpoints of the FULFIL trial have been described previously.9 These post hoc analyses 
evaluated the following efficacy outcomes by treatment group (FF/UMEC/VI and BUD/FOR) and by exacerbation 
history subgroup in the year prior to study entry (≥1 moderate/severe exacerbation and no recent exacerbation): annual 
rate of on-treatment moderate/severe exacerbations up to Week 24, annual rate of on-treatment severe exacerbations up to 
Week 24, change from baseline in trough FEV1 at Week 24, and change from baseline in St George’s respiratory 
questionnaire (SGRQ) total score at Week 24. Moderate exacerbations were defined as those requiring treatment with 
antibiotics and/or oral/systemic corticosteroids, and severe exacerbations were defined as events resulting in hospitaliza-
tion or death.

In the FULFIL trial, the safety endpoints included the incidence of on-treatment adverse events (AEs), serious 
AEs (SAEs) and AEs of special interest (AESIs) derived from Medical Dictionary for Regulatory Standardized 
Activity Queries. AESIs were defined a priori as AEs typically associated with the ICS, LAMA and LABA drug 
classes.

Statistical Analyses
The intent-to-treat (ITT) population comprised all randomized subjects, excluding those who were randomized in error. 
Subgroups based on exacerbation history in the year prior to study entry (ie, those with ≥1 moderate/severe exacerbation 
[referred to hereafter as the recent exacerbation subgroup] and those without a recent exacerbation history [referred to 
hereafter as the no recent exacerbation subgroup]) were derived from the ITT population.

The annualized rate of on-treatment severe exacerbations at Week 24 was evaluated using a generalized linear model 
assuming a negative binomial distribution. Covariates for the analysis of on-treatment severe exacerbations in the overall 
ITT population included treatment group, exacerbation history (0, 1, ≥2 moderate/severe exacerbations), smoking status 
at screening, geographical region and post bronchodilator percent predicted FEV1 on Day 1. Covariates for the analysis 
of on-treatment moderate/severe exacerbations and severe exacerbations by recent exacerbation subgroup included 
treatment group, smoking status at screening, geographical region and post bronchodilator percent predicted FEV1 on 
Day 1.

Change from baseline in trough FEV1 and SGRQ total score by recent exacerbation subgroup were analyzed using 
a repeated measures model with covariates of treatment group, smoking status at screening, geographical region, visit, 
baseline, baseline by visit and treatment by visit interactions.

All other analyses reported here (annualized rate of on-treatment moderate/severe exacerbations, change from baseline in 
trough FEV1 and change from baseline in SGRQ total score in the overall ITT population) were pre-specified and have been 
previously described in the original publication of the FULFIL trial results.9

Safety was summarized descriptively.

Results
Patients
The ITT population included 1810 patients (FF/UMEC/VI, N = 911; BUD/FOR, N = 899). While 1180 (65%) patients 
had ≥1 moderate/severe exacerbation in the year prior to study entry (FF/UMEC/VI, n = 598; BUD/FOR, n = 582), 630 
(35%) patients did not (FF/UMEC/VI, n = 313; BUD/FOR, n = 317). Baseline characteristics were similar across 
treatment groups in the ITT population (Table 1). Baseline characteristics were also similar across treatment groups 
within each exacerbation history subgroup (Table 2).

International Journal of Chronic Obstructive Pulmonary Disease 2022:17                                                https://doi.org/10.2147/COPD.S367701                                                                                                                                                                                                                       

DovePress                                                                                                                       
2045

Dovepress                                                                                                                                                    Panettieri Jr et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 Baseline Characteristics of the ITT Population

Characteristics FF/UMEC/VI 
(N=911)

BUD/FOR 
(N=899)

Total 
(N=1810)

Age, years, mean (SD) 64.2 (8.6) 63.7 (8.7) 63.9 (8.6)

Female, n (%) 233 (26) 236 (26) 469 (26)

BMI, kg/m2, mean (SD)a,b 26.9 (5.2) 27.0 (5.1) 26.9 (5.1)

Current smokers, n (%)b 400 (44) 394 (44) 794 (44)

Smoking history, pack-years, mean (SD) 39.5 (21.9) 39.2 (22.2) 39.4 (22.0)

Moderate/severe exacerbations in past year, n (%)
0 313 (34) 317 (35) 630 (35)

1 252 (28) 253 (28) 505 (28)

≥2 346 (38) 329 (37) 675 (37)

Severe exacerbations in past year, n (%)
0 726 (80) 699 (78) 1425 (79)
1 167 (18) 177 (20) 344 (19)

≥2 18 (2) 23 (3) 41 (2)

Post-bronchodilator FEV1, % predicted, mean (SD)a 45.5 (13.0) 45.1 (13.6) 45.3 (13.3)

SGRQ total score, mean (SD)c 51.8 (16.3) 50.8 (16.7) N/A

Eosinophils, 109/L, mean (SD)b,d 0.213 (0.191) 0.213 (0.280) N/A

Notes: aFF/UMEC/VI n=908, BUD/FOR n=897, total n=1805. bAt screening. cFF/UMEC/VI n=904, BUD/FOR n=893. dFF/UMEC/VI n=887, 
BUD/FOR n=873, total n=1804. 
Abbreviations: BUD, budesonide; FEV1, forced expiratory volume in 1 second; FF, fluticasone furoate; FOR, formoterol; N/A, not available; SD, 
standard deviation; SGRQ, St George’s respiratory questionnaire; UMEC, umeclidinium; VI, vilanterol.

Table 2 Baseline Characteristics of the ITT Population by Recent Exacerbation Subgroup

Characteristic Recent Exacerbationa No Recent Exacerbationa

FF/UMEC/VI 
(n=598)

BUD/FOR 
(n=582)

Total 
(n=1180)

FF/UMEC/VI 
(n=313)

BUD/FOR 
(n=317)

Total 
(n=630)

Age, years, mean (SD) 64.0 (8.9) 63.2 (9.3) 63.6 (9.1) 64.7 (7.9) 64.5 (7.6) 64.6 (7.7)

Female, n (%) 170 (28) 162 (28) 332 (28) 63 (20) 74 (23) 137 (22)

BMI, kg/m2, mean (SD)b,c 27.3 (5.1) 27.0 (4.9) 27.2 (5.0) 26.0 (5.2) 26.9 (5.5) 26.5 (5.4)

CAT score, mean (SD)b 19.1 (5.1) 19.2 (5.3) 19.2 (5.2) 19.3 (5.4) 18.8 (5.1) 19.0 (5.3)

Pre-bronchodilator FEV1, mL, 
mean (SD)d

1373 (477) 1353 (498) 1364 (487) 1044 (313) 1032 (294) 1038 (303)

Post-bronchodilator FEV1, % 
predicted, mean (SD)e

49.5 (13.2) 48.9 (14.6) 49.2 (13.9) 37.7 (8.2) 38.1 (7.9) 37.9 (8.0)

Eosinophil count, 109 cells/L, mean 
(SD)b,f

0.212 (0.184) 0.220 (0.333) 0.216 (0.267) 0.216 (0.202) 0.199 (0.151) 0.207 (0.178)

Notes: aIn the year prior to study entry. bAt screening. cRecent exacerbation FF/UMEC/VI n=595, BUD/FOR n=580; total n=1175; no recent exacerbation FF/UMEC/VI 
n=313, BUD/FOR n=317, total n=630. dRecent exacerbation FF/UMEC/VI n=597, BUD/FOR n=582; total n=1179; no recent exacerbation FF/UMEC/VI n=312, BUD/FOR 
n=317, total n=629. eRecent exacerbation FF/UMEC/VI n=596, BUD/FOR n=581; total n=1177; no recent exacerbation FF/UMEC/VI n=312, BUD/FOR n=316, total n=628. 
fRecent exacerbation FF/UMEC/VI n=582, BUD/FOR n=560; total n=1142; no recent exacerbation FF/UMEC/VI n=305, BUD/FOR n=313, total n=618. 
Abbreviations: BMI, body mass index; BUD, budesonide; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 
1 second; FF, fluticasone furoate; FOR, formoterol; SD, standard deviation; UMEC, umeclidinium; VI, vilanterol.
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Efficacy Endpoints
The number of patients experiencing on-treatment exacerbations in each exacerbation history subgroup is summarized in 
Table 3.

Treatment with FF/UMEC/VI significantly reduced the annualized rate of moderate/severe exacerbations up to Week 
24 compared with BUD/FOR in the recent exacerbation subgroup (mean annualized rate: 0.19 vs 0.29; rate ratio: 0.64 
[95% confidence interval [CI]: 0.45, 0.91]; p=0.014). There was a 33% reduction in moderate/severe exacerbation rate 
favoring FF/UMEC/VI over BUD/FOR in the no recent exacerbation subgroup, but this was not statistically significant 
(mean annualized rate: 0.29 vs 0.43; rate ratio: 0.67 [95% CI: 0.43, 1.04]; p=0.073; Figure 1).

Patients receiving FF/UMEC/VI had numerically lower annualized rates of severe exacerbations in both the recent 
exacerbation subgroup (mean annualized rate: 0.02 vs 0.06; rate ratio: 0.43 [95% CI: 0.17, 1.09]; p=0.075) and in the no 
recent exacerbation subgroup (mean annualized rate: 0.01 vs 0.02; rate ratio: 0.62 [95% CI: 0.18, 2.13]; p=0.446) 
compared with BUD/FOR, but these differences were not statistically significant (Figure 2).

FF/UMEC/VI significantly increased trough FEV1 from baseline at Week 24 versus BUD/FOR regardless of recent 
exacerbation history (recent exacerbation subgroup: 167 mL [95% CI: 137, 197]; no recent exacerbation subgroup: 
176 mL [95% CI: 141, 212]; p<0.001 for both comparisons; Figure 3).

SGRQ total score at Week 24 was significantly improved with FF/UMEC/VI compared with BUD/FOR in both the 
recent exacerbation subgroup (least squares [LS] mean change from baseline difference: −2.3 [95% CI: −3.9, −0.7]; 
p=0.005) and the no recent exacerbation subgroup (LS mean change from baseline difference: −2.1 [95% CI: −4.1, −0.2]; 
p=0.032).

Table 3 On-Treatment Moderate/Severe and Severe Exacerbations of the ITT Population by Recent Exacerbation Subgroup

Recent Exacerbationa No Recent Exacerbationa

FF/UMEC/VI 
(n=598)

BUD/FOR 
(n=582)

Total 
(n=1180)

FF/UMEC/VI 
(n=313)

BUD/FOR 
(n=317)

Total 
(n=630)

On-treatment moderate/severe 
exacerbations, n (%)

58 (10) 75 (13) 133 (11) 37 (12) 51 (16) 88 (14)

On-treatment severe exacerbations, 
n (%)

7 (1) 14 (2) 21 (2) 5 (2) 8 (3) 13 (4)

Note: aIn the year prior to study entry. 
Abbreviations: BUD, budesonide; FF, fluticasone furoate; FOR, formoterol; UMEC, umeclidinium; VI, vilanterol.

Model-estimated annualized rates

FF/UMEC/VI vs BUD/FOR FF/UMEC/VI BUD/FOR Rate ratio (95% CI) p-value

Overall ITT populationa n=907 n=892

0.223 0.343 0.65 (0.49, 0.86) 0.002

Recent exacerbationb,c 
n=595 n=577

0.188 0.294 0.64 (0.45, 0.91) 0.014

No recent exacerbationb,c 
n=312 n=315

0.290 0.434 0.67 (0.43, 1.04) 0.073

0.30 0.50 0.70 0.90 1.10

Rate ratio (95% CI)

Favors FF/UMEC/VI Favors BUD/FOR

Figure 1 Rate of on-treatment moderate/severe exacerbations up to Week 24 by recent exacerbation subgroup. aPre-specified. bIn the year prior to study entry. cPost hoc. 
Abbreviations: BUD, budesonide; CI, confidence interval; FF, fluticasone furoate; FOR, formoterol; ITT, intent-to-treat; UMEC, umeclidinium; VI, vilanterol.
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Efficacy endpoints by recent exacerbation for the extension subgroup at Week 52 are presented in Supplementary 
Table S1.

Safety
The safety data from the FULFIL ITT population at Weeks 24 and 52 have been previously reported.9 Briefly, up to 
Week 24, the incidence rates of on-treatment AEs were 38.9% in the FF/UMEC/VI group and 37.7% in the BUD/FOR 
group. The incidence rates of on-treatment SAEs with FF/UMEC/VI and BUD/FOR were 5.4% and 5.7%, respectively. 
Up to Week 52, the incidence rates of on-treatment AEs were 47.6% in the FF/UMEC/VI group and 55.5% in the BUD/ 
FOR group; the incidence of on-treatment SAEs with FF/UMEC/VI and BUD/FOR were 10.0% and 12.7%, respectively. 
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Difference (95% CI): 167 (137, 197) 

n=277     n=253
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n=559     n=528

Recent exacerbationb,c

n=836     n=781

Overall ITT populationa

Figure 3 Change from baseline in trough FEV1 at Week 24 by recent exacerbation subgroup. aPre specified. bIn the year prior to study entry. cPost hoc. 
Abbreviations: BUD, budesonide; CI, confidence interval; FEV1, forced expiratory volume in1 second; FF, fluticasone furoate; FOR, formoterol; ITT, intent-to-treat; LS, 
least-squares; UMEC, umeclidinium; VI, vilanterol.

Model-estimated annualized rates

FF/UMEC/VI vs BUD/FOR FF/UMEC/VI BUD/FOR Rate ratio (95% CI) p-value

Overall ITT populationa 
n=907 n=892

0.029 0.059 0.49 (0.24, 1.03) 0.061

Recent exacerbationa,b n=595 n=577

0.024 0.056 0.43 (0.17, 1.09) 0.075

No recent exacerbationa,b 
n=312 n=315
0.013 0.020 0.62 (0.18, 2.13) 0.446

0.00 0.50 1.00 1.50 2.00
Rate ratio (95% CI)

Favors FF/UMEC/VI Favors BUD/FOR

Figure 2 Rate of on-treatment severe exacerbations up to Week 24 by recent exacerbation subgroup. aPost hoc. bIn the year prior to study entry. 
Abbreviations: BUD, budesonide; CI, confidence interval; FF, fluticasone furoate; FOR, formoterol; ITT, intent-to-treat; UMEC, umeclidinium; VI, vilanterol.
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For both time periods, the most common on-treatment AEs were nasopharyngitis and headache, and the most common 
on-treatment SAEs were COPD exacerbation and pneumonia. Cardiovascular effects AESIs were reported in 8.6% of 
patients receiving FF/UMEC/VI and 10.0% of patients receiving BUD/FOR. The reported rates of pneumonia AESIs in 
patients receiving FF/UMEC/VI and BUD/FOR were 2.2% and 0.8%, respectively, up to Week 24, and 1.9% and 1.8%, 
respectively, up to Week 52.

Discussion
This FULFIL post hoc analysis showed overall efficacy outcomes in the subgroup of patients with and without a recent 
exacerbation history were generally consistent with those reported in the overall ITT population.9 In the subgroup of 
patients with recent exacerbations, single-inhaler triple therapy with FF/UMEC/VI conferred significant improvements in 
moderate/severe exacerbations, lung function and health status, and numerical reductions in severe exacerbations, 
compared with BUD/FOR. In the subgroup of patients without recent exacerbations, FF/UMEC/VI numerically reduced 
the rate of moderate/severe and severe exacerbations, and significantly improved lung function and health status versus 
dual therapy with BUD/FOR.

The inclusion criteria of other trials comparing triple and dual therapies in patients with COPD such as TRIBUTE, 
TRILOGY, IMPACT and ETHOS all required patients to have a history of exacerbations in the year prior to study entry.12,14–16 

Similar to the subgroup of patients with ≥1 moderate/severe exacerbation examined in this post hoc analysis of FULFIL, the 
populations of these studies were considered to be at high risk of future exacerbations as having a history of exacerbations in 
the previous 12 months has been shown to be a major risk factor for future exacerbations.2,7,8 In this analysis of the FULFIL 
trial, treatment with FF/UMEC/VI triple therapy compared with BUD/FOR dual therapy significantly reduced the annualized 
rate of moderate/severe exacerbations in patients with COPD who had ≥1 moderate/severe exacerbation in the year prior to 
study entry. This is consistent with the results of TRIBUTE, TRILOGY, IMPACT and ETHOS, in which significant reductions 
in the rates of moderate/severe exacerbations with ICS/LAMA/LABA triple therapy versus ICS/LABA and/or LAMA/LABA 
were observed in similar patient populations.12,14–16

In the subgroup of patients without recent exacerbations, numerical reductions of over 30% in the annualized rate of 
moderate/severe exacerbations were observed with FF/UMEC/VI versus BUD/FOR, suggesting that triple therapy may 
have a benefit in exacerbation prevention in this patient population. This reduction is most likely not statistically 
significant because this study was not powered to investigate any subgroups, and this particular subgroup is 
a relatively small sample. A formally powered study would be required to confirm this finding, although the point 
estimate suggests a meaningful clinical difference. The recent KRONOS study evaluated the efficacy and safety of the 
fixed-dose combination ICS/LAMA/LABA BUD/glycopyrrolate (GLY)/FOR versus LAMA/LABA GLY/FOR and ICS/ 
LABA BUD/FOR.19 A post hoc analysis of KRONOS investigated whether exacerbation benefits were driven by the 
subset of patients who had ≥1 exacerbations in the year prior to study entry. That analysis showed that there was no 
difference in moderate/severe exacerbations with triple versus ICS/LABA dual therapy in the subgroup of patients 
without recent exacerbations (rate ratio: 0.98 [95% CI: 0.63, 1.54]; p=0.9384). However, a significant reduction in 
moderate/severe exacerbations with triple versus LAMA/LABA dual therapy was seen for this patient subgroup (rate 
ratio: 0.52 [95% CI: 0.37, 0.72]; p=0.0001). Taken together, these results suggest that the exacerbation reduction seen in 
the ITT population was not solely driven by patients at high risk of future exacerbations.18

Due to the high clinical and financial burden severe exacerbations place on patients and health-care systems, these 
analyses of FULFIL also assessed the impact of triple therapy versus ICS/LABA dual therapy on annualized rate of severe 
exacerbations. Numerical reductions in severe exacerbations in the range of 40% to 55% were observed with FF/UMEC/VI 
compared with BUD/FOR in the ITT population, and in both the with and without recent exacerbation subgroups. The post 
hoc analysis of the KRONOS trial also examined the effects of triple versus dual therapy on the rate of severe exacerbations 
in patients with and without recent exacerbations. The results showed that triple therapy did not reduce the annual rate of 
severe exacerbations versus ICS/LABA dual therapy in patients without recent exacerbations (rate ratio: 1.05 [95% CI: 0.36, 
3.11]; p=0.9279); however, a 58% reduction in rate of severe exacerbations with triple versus LAMA/LABA dual therapy in 
this patient population was observed (rate ratio: 0.42 [95% CI: 0.19, 0.93]; p=0.0316).18 In KRONOS, the severe exacer-
bation event numbers were too small to conduct meaningful analyses in the subgroup of patients with recent exacerbations. 
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While in FULFIL the effects of triple versus LAMA/LABA dual therapy could not be explored owing to the absence of 
a LAMA/LABA comparator, the findings from KRONOS18 suggest that patients without recent exacerbations may also 
benefit from treatment with FF/UMEC/VI triple therapy compared with dual bronchodilation therapy.

Consistent with the FULFIL ITT population, significant improvements in lung function and health status were 
observed with FF/UMEC/VI versus BUD/FOR, regardless of recent exacerbation status. This implies that the benefits 
observed in the ITT population were not solely driven by the subgroup of patients with recent exacerbations and indicates 
that patients without recent exacerbations also benefit from treatment with triple therapy. Similar results have also been 
observed in patient populations from other studies which included either patients with a recent history of 
exacerbations12,14,16 or with and without a history of exacerbations.18

Some limitations of these analyses should also be considered. The FULFIL trial was not specifically powered to detect 
a treatment difference in recent exacerbation history subgroups and these analyses were conducted post hoc. Additionally, a small 
number of exacerbation events were observed during the duration of the clinical trial. It would have been of interest to study 
whether prior medications affected the subgroups studied here. However, an analysis comprising a subgroup of subgroups would 
have led to small samples, potentially leading to unreliable results and therefore has not been conducted for this analysis. While 
differences in pre-study medication may exist between the two exacerbation subgroups, the split of prior medications at 
Screening and during run-in (period in which patients stayed on their pre-study medication before switching to their randomized 
treatment) was balanced between the two treatment groups in the primary study,9 which gives us confidence that prior medication 
was unlikely to have affected the treatment differences presented in this study. Nevertheless, the fact that FULFIL included 
patients without a history of exacerbations, who are often excluded from clinical trials investigating ICS/LAMA/LABA triple 
therapy, provides novel insights into this patient population. Additionally, the FULFIL population appears consistent with a real- 
world COPD population compared with other highly selected trial populations. A recent epidemiological study by Rothnie et al 
demonstrated that 26% of patients with COPD did not exacerbate during 10 years of follow-up, further indicating that patients 
without recent exacerbations are a sizeable proportion of the patient population in COPD.20

Conclusion
In these post hoc analyses of the FULFIL trial, FF/UMEC/VI reduced moderate/severe and severe exacerbation rates and 
improved lung function and health status compared with BUD/FOR in patients with symptomatic COPD, regardless of 
exacerbation history in the year prior to study entry. Our results highlight the potential benefits of once-daily single- 
inhaler FF/UMEC/VI triple therapy over twice-daily BUD/FOR dual therapy in reducing the clinical and economic 
burden caused by exacerbations in this patient population.
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