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Introduction
The Global Initiative for Chronic Obstructive Lung Disease (GOLD) strategy document for the treatment
of chronic obstructive pulmonary disease (COPD) suggests that, after bronchodilator treatment with both
long-acting muscarinic antagonists and long-acting inhaled β-agonists (LAMA/LABA), the addition of
inhaled corticosteroids (ICS) should be reserved for patients with frequent moderate or severe COPD
exacerbations [1]. The GOLD group emphasises the scarcity of evidence and the need for systematic
research on this escalation from dual bronchodilator to triple therapy (LAMA/LABA/ICS) [2].

The recent TRIBUTE and IMPACT trials assessed such escalation using a LAMA/LABA as comparator [3, 4].
The design of the IMPACT trial raised some methodological issues that limited the interpretation of its
findings [5]. However, these limitations provide some opportunities to better understand the potential for
triple therapy to advance precision medicine, which has been lagging behind in COPD [6, 7].

The TRIBUTE and IMPACT trials
The TRIBUTE trial compared single-inhaler triple therapy (glycopyrronium bromide, formoterol fumarate
and beclomethasone dipropionate), administered twice daily, versus a dual LAMA/LABA bronchodilator
combination (glycopyrronium plus indacaterol) on the rate of COPD exacerbations over 52 weeks [3]. The
study included 1532 COPD patients with severe to very severe airflow limitation (GOLD grade 3–4) and at
least one moderate to severe exacerbation in the previous year. While patients with current asthma were
excluded, those with a past “asthma diagnosis” could participate. All patients discontinued their
maintenance therapy and switched to the LAMA/LABA comparator during a 2-week run-in before
randomisation. Triple therapy lowered the rate of moderate-to-severe exacerbations by 15% compared with
the LAMA/LABA comparator.

The IMPACT trial compared single-inhaler triple therapy (umeclidinium, vilanterol and fluticasone furoate)
with its two dual-drug inhaler comparators, LABA/ICS (vilanterol and fluticasone furoate) and LAMA/
LABA (umeclidinium and vilanterol) over 52 weeks [4]. This trial recruited 10355 COPD patients with
moderate-to-severe airflow limitation (GOLD grade 2–4) and a recent history of exacerbations. Patients with
current asthma were excluded, but those with a “past diagnosis” of asthma participated. Patients continued
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their pre-study treatment during a 2-week run-in before randomisation. Triple therapy lowered the rate of
moderate-to-severe exacerbations by 25% compared with LAMA/LABA and by 15% compared with LABA/
ICS. Mortality, a secondary end-point, was lower with triple therapy by 42% compared with LAMA/LABA.

Timing of exacerbations in TRIBUTE and IMPACT
TRIBUTE and IMPACT displayed the cumulative incidence curves of a moderate or severe exacerbation
comparing triple therapy with LAMA/LABA (figure 1b from IMPACT [4] and supplementary figure 3
from TRIBUTE [3]). To provide a more telling perspective on the pattern of exacerbation over time, we
converted the cumulative incidence curves into monthly rates of exacerbation. Because we did not have
access to the data, we digitised the figures to obtain the values at each point of the cumulative incidence
curves. The rate, derived from the average slope of the cumulative incidence curve, was approximated for
each month of follow-up by the difference between the digitised cumulative incidence value at the end of
each month with that at the beginning of that month [8].

Figure 1a and b show the resulting approximated rates of a first moderate or severe exacerbation for each
of the 12 months of follow-up, by treatment group, for the IMPACT and TRIBUTE trials, respectively,
joined by smoothing. The figures clearly show that the difference in the rate of exacerbation between
LAMA/LABA/ICS and LAMA/LABA over follow-up is due to the first-month’s surge, with practically no
differences in the subsequent rates between the two groups. This transient effect of ICS discontinuation is
especially prominent in IMPACT where, in the first month, the incidence rate of first exacerbation under
LAMA/LABA is 15.0 per 100 per month compared with 8.7 under LAMA/LABA/ICS (figure 1a). By
contrast, the mean incidence rate over the remaining 11 months under LAMA/LABA is 3.4 per 100 per
month compared with 3.7 under LAMA/LABA/ICS. Therefore, triple therapy is associated with a decrease
of 6.3 per 100 per month in the incidence of exacerbation during the first month of treatment and a trivial
increase of 0.3 per 100 per month over each of the remaining 11 months.

Similarly, for TRIBUTE, the first month incidence rates of 2.8 versus 7.1 per 100 per month, respectively
for triple therapy and LAMA/LABA, led to a decrease in the incidence of exacerbation with triple therapy
in the first month of 4.3 per 100 per month (figure 1b). Over the remaining 11 months, the mean
incidence rates of 2.9 and 2.7 per 100 per month, respectively for triple therapy and LAMA/LABA, led to
a negligible increase of 0.2 per 100 per month.

These calculations were repeated for the reported 42% lower mortality with triple therapy when compared
with LAMA/LABA in the IMPACT trial [9]. Figure 2a displays the rate of death per month over time for
the IMPACT trial, approximated from the mortality curves [9]. Here again, the difference in mortality
between LAMA/LABA/ICS (rate 0.10 per 100 per month) and LAMA/LABA (rate 0.30 per 100 per
month) is localised in the first 4 months of follow-up. In the subsequent 8 months of follow-up, mortality
is 0.12 per 100 per month, equally under LAMA/LABA/ICS and LAMA/LABA.

Data interpretation
The early higher incidence of exacerbation with LAMA/LABA, compared with triple therapy, and followed
by no subsequent differences as observed in these trials (figures 1 and 2a), a manifestation known as
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FIGURE 1 Monthly rate (per 100 per month) of a first moderate or severe exacerbation under long-acting muscarinic antagonists (LAMA)/
long-acting inhaled β-agonists (LABA)/inhaled corticosteroids (ICS) triple inhaler therapy and LAMA/LABA dual bronchodilator inhaler therapy, for
the a) IMPACT and b) TRIBUTE trials, approximated from the time-to-first exacerbation curves [3, 4].
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“depletion of susceptibles”, can be informative to understand a treatment’s effect, including in randomised
controlled trials [10–12]. Indeed, such an observation suggests that there is a subset of patients who could
benefit from triple therapy, while the others benefit at least equally from LAMA/LABA. In identifying
potential effect-modifying factors that can help to characterise this subset of responsive patients, two are
rather conspicuous, namely study population selection and the treatment withdrawal at randomisation.

The TRIBUTE study population had a mean forced expiratory volume in 1 s (FEV1) of 36% predicted and
20% had two or more exacerbations in the prior year. By contrast, the IMPACT study population, which
selectively excluded patients with FEV1>50% predicted if they had less than two exacerbations in the
previous year, resulted in a population with a mean FEV1 of 45% predicted, pronounced bronchodilator
reversibility (18% versus 8.6% in TRIBUTE), and 54% with two or more exacerbations in the previous
year, which is exceedingly disproportionate compared with typical COPD populations [13]. Moreover,
both TRIBUTE and IMPACT allowed the inclusion of patients with a “history of asthma”, a significant
risk factor for severe COPD exacerbations [14].

In TRIBUTE and IMPACT, maintenance treatment was withdrawn at the time of randomisation,
particularly prior ICS use. While this will not affect patients randomised to ICS-containing therapy, it will
affect the LAMA/LABA comparator arm. The potential effect is considerable since around 65% and 70%
of patients were pre-study users of ICS in TRIBUTE and IMPACT, respectively.

These two factors together, namely the inclusion of patients with past asthma and the withdrawal of ICS in
patients for whom ICS are indicated, could potentially induce an early surge in exacerbations in the LAMA/
LABA patients, possibly amplified by the selective inclusion in IMPACT of GOLD group 2D patients, who
contributed around a third of the study population while disproportionately accounting for two-thirds of
the group D frequent exacerbators. In addition, the possible adrenal insufficiency from ICS therapy and
potential adrenal rebound effect from its withdrawal could have contributed to the effects [15].

These effects could also explain the IMPACT trial’s findings on mortality, which may be the result of an
excess mortality in the LAMA/LABA arm [9]. Indeed, discontinuing ICS treatment in patients with asthma
has been shown to increase asthma mortality in a cohort study of over 30000 patients with asthma [16].
Figure 2b depicts the increase in the rate ratio of asthma death, as a function of time since ICS
discontinuation, particularly evident in the first 3 months after discontinuation where the risk of death is
increased over four-fold [16]. This early mortality pattern matches the one from the IMPACT trial (figure 2a).

Conclusion
The TRIBUTE and IMPACT trials reported that triple therapy, compared with a LAMA/LABA
bronchodilator, lowered the incidence of COPD exacerbations over a 1-year follow-up. We demonstrated
that the timing of the exacerbations in these trials presents a particularly informative pattern. It shows that
the lower rate of a first exacerbation with triple therapy is exclusively due to a lower rate in the first month
of follow-up, while the rate was comparable to LAMA/LABA in the subsequent 11 months. This pattern of
“depletion of susceptibles” suggests that there is a subset of patients who could benefit from triple therapy,
while the remaining patients benefit equally from LAMA/LABA.
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FIGURE 2 a) Monthly rate of death (per 100 per month) under long-acting muscarinic antagonists (LAMA)/long-acting inhaled β-agonists (LABA)/
inhaled corticosteroids (ICS) triple inhaler therapy and LAMA/LABA dual bronchodilator inhaler therapy in the IMPACT trial, approximated from
the survival curves [9]. b) Rate ratio of asthma death after ICS discontinuation, compared with ICS continuation, from a cohort study of 30569
patients with asthma on ICS effectiveness in lowering asthma mortality [16].
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We submit that the history of asthma and the prior use of ICS, withdrawn at randomisation, could be two
important factors of interest in identifying such subsets of responders. Another could be the unusually
overrepresented patients in IMPACT with FEV1>50% predicted and two or more exacerbations in the
previous year. The data could be reanalysed to explore these factors and others, including thresholds of
airflow limitation and eosinophil counts, particularly higher cut-offs such as 4% or 300 cells·μL−1 [7, 17–
19]. It would also be valuable to see whether the pattern over time also emerges with the frequency of
exacerbations and to compare the characteristics of early and late exacerbators.

The inclusion of patients with a history of asthma may explain the difference in findings between the
IMPACT and the FLAME trial, in comparing LAMA/LABA with LABA/ICS dual bronchodilators [20].
IMPACT found a lower rate of exacerbations with LABA/ICS than with LAMA/LABA (1.07 versus 1.21,
respectively), opposite to that of the FLAME trial (1.19 versus 0.98). An important difference between the
trials is the inclusion of patients with a past asthma diagnosis, excluded in the FLAME trial, as well as the
approach to the run-in period [20, 21].

Future trials on the escalation from dual bronchodilator to triple therapy in COPD could strive to identify
the properly targeted study populations, for example avoiding patients with a history of asthma, and to
carefully address withdrawal of ICS at the time of randomisation. In the case of broadly selected study
populations, pre-specified stratification of the results by important effect-modifiers, such as prior asthma,
airflow limitation, exacerbation frequency and the degree of eosinophilia, could provide a precision
medicine approach to COPD management. Such a modern approach will permit the identification of
subsets of patients who could benefit from triple therapy and avoid harms in a number of patients for
whom triple therapy is not more effective than dual bronchodilators.
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