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Chronic obstructive pulmonary disease:
moving from symptom relief to mortality

reduction

Alessandro Celi, Manuela Latorre, Pierluigi Paggiaro and Riccardo Pistelli

Abstract: Chronic obstructive pulmonary disease (COPD) has a 3-year mortality rate up

to 37%, 2-6 times higher than the general population. We present evidence supporting
pharmacological therapies to improve patient life expectancy, focusing on inhaled
corticosteroids (ICSs) combined with long-acting bronchodilators (LABDs). A reduction in
3-year all-cause mortality (ACM) has been shown in patients with severe COPD treated with
fluticasone propionate (an ICS) and salmeterol [long-acting beta-agonist (LABA]], compared
with placebo. An observational study of elderly patients with severe COPD and multiple
comorbidities suggested ICS+LABD reduce ACM compared with LABD monotherapy. Patients
with symptomatic COPD at risk of exacerbations saw a mortality benefit with the ICS/long-
acting muscarinic antagonist (LAMA]/LABA combinations fluticasone furoate/umeclidinium/
vilanterol (FF/UMEC/VI) or budesonide/glycopyrrolate/formoterol (BUD/GLY/FOR] versus
UMEC/VI or GLY/FOR (LAMA/LABA combinations) in the IMPACT and ETHOS trials,
respectively. Reduced risk of mortality may be due to modulation of airway inflammation,
thereby reducing activation of proinflammatory mediators in the peripheral circulation.
Importantly, estimated annual risk reduction for ACM with ICS/LAMA/LABA combinations in
patients with COPD is of the same order of magnitude as for statins (patients with coronary
disease) and angiotensin-converting enzyme inhibitors (patients with vascular disease). Based
on the current data, the pharmacological treatment of COPD appears not only able to improve
symptoms and reduce the frequency of exacerbations but is also very promising in improving

patient prognosis in the long term.
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Introduction

Life expectancy is a key indicator of wellness
globally. Since 1900, the global average life expec-
tancy has more than doubled and is now over
72years.!

Chronic diseases are probably the most important
factor in reducing life expectancy in the developed
world. In 2016, according to the Global Burden of
Diseases, Injuries and Risk Factors Study group,
non-communicable diseases were responsible for
more than 800 million years of life lost (YLL), with
chronic obstructive pulmonary disease (COPD)
reported as one of the major contributors, being

responsible for more than 47 million YLL.2 Data
from the Danish registry of COPD have shown the
3-year mortality rate for patients with COPD to be
10%, 23.8%, 17.4%, and 36.9% in those with
group A, B, C, and D (Global Initiative on
Obstructive Lung Disease 2017 classification) dis-
ease, respectively.?> Comparing these rates with the
3-year mortality rate in an age-matched healthy
population, 7.4% in men and 5.0% in women,* it is
clear that patients with COPD have a mortality rate
up to six times higher than the general population,
depending on the severity of their disease. Notably,
in recent decades, the rate of deaths attributable to
COPD has not decreased as significantly as death
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rates for other non-communicable diseases for
which highly successful interventions are available
in high-income countries.>°®

To date, only two therapeutic interventions have
been shown to increase the life expectancy of
patients with COPD: long-term oxygen therapy
(LTOT) and smoking cessation. The efficacy of
LTOT was demonstrated many years ago in two
small randomized trials in patients with severe res-
piratory failure due to COPD.”8 More recently,
attempts to demonstrate the efficacy of LTOT in
patients with less severe COPD have been unsuc-
cessful.%1 Smoking cessation was shown to
increase the life expectancy of patients with mild or
moderate COPD in the Lung Health Study.!! This
finding identified smoking cessation as a key inter-
vention in patients with COPD, as had already
been demonstrated for many other chronic dis-
eases and also for the general population.!2

Here, we discuss the evidence supporting the effi-
cacy of pharmacological therapies in reducing the
risk of death and in turn potentially increasing the
life expectancy of patients with COPD, with a
particular focus on landmark trials using inhaled
corticosteroids (ICSs) in combination with long-
acting bronchodilators (LABDs).

All-cause mortality as an outcome for COPD
pharmacological trials

COPD is a complex disease. It has been known for
more than 50years that both the clinical and physi-
ological characteristics vary among patients with
COPD, suggesting the presence of more than one
type of disease under the same broad definition.!3
In fact, COPD is much more complex than that.
Major contributors to this complexity include the
variability of symptoms and the rate at which
health-related quality of life (HRQoL) deteriorates,
in addition to the presence of other diseases fre-
quently associated with COPD, mainly in elderly
patients. It is clear that forced expiratory volume in
1 s, a valuable objective measure of lung function
deterioration, cannot fully explain the clinical sever-
ity of the disease and the clinical impact of any
pharmacological intervention. To overcome this
problem, many patient-centered outcomes, for
example, dyspnoea and HRQoL, or the frequency
of exacerbations, an important determinant of dis-
ease prognosis in patients with COPD, have been
used in pharmacological trials.14

The rate of all-cause mortality (ACM) is a com-
prehensive prognostic indicator for any disease.
Reducing the risk of death may be considered as
the best measure of the balance between the
advantages and disadvantages of a specific thera-
peutic intervention. As an outcome, ACM is rela-
tively easy to collect; it is reliable and generally
considered as the gold standard in defining the
efficacy of a given therapy. Studies in which ACM
was the primary or secondary prespecified out-
come along with ACM being a prespecified
‘other’ endpoint in the IMPACT trial in patients
with COPD are summarised in Table 1.

It is well established that LABDs improve symp-
toms and HRQoL and reduce the frequency of
exacerbations in patients with COPD. However,
their effect on mortality is less clear. The effi-
cacy of the long-acting muscarinic antagonist
(LAMA) tiotropium in reducing ACM was
investigated as a secondary outcome in the ran-
domized, double-blind UPLIFT trial.l® The
authors compared 4 years of therapy with either
tiotropium or placebo in patients with COPD
who were permitted to use all respiratory medi-
cations except inhaled anticholinergic drugs.
The death rate reduction in patients randomized
to tiotropium was statistically significant at the
end of the protocol-defined treatment period
[hazard ratio (HR) 0.84, 95% confidence inter-
val (CI) 0.73, 0.97], but not 30 days thereafter
(HR 0.89, 95% CI 0.79, 1.02). Overall, the
results were interpreted as suggestive, but not
conclusive, evidence of a mortality benefit with
tiotropium in patients with COPD.

In a pooled analysis of seven randomized clinical
trials (RCTs), in which ACM was assessed as a sec-
ondary outcome,?? and in two observational stud-
ies,23:24 the risk of death was improved in patients
with COPD treated with ICSs. Despite a number
of important limitations, these studies formed the
basis for the design of the first large clinical trial in
COPD that had ACM as a primary outcome. The
TORCH trial demonstrated a numerical reduction
in the 3-year ACM rate in patients with severe
COPD treated with the ICS fluticasone propionate
(FP) and the long-acting beta-agonist (LABA) sal-
meterol versus placebo (HR 0.825, 95% CI 0.681,
1.002).15 Unfortunately, the sample size obtained
at the end of the study, after a safety call from an
‘interim analysis’, was insufficient to obtain a statis-
tically significant result.
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The SUMMIT trial, another study in which ACM
was the primary endpoint, included patients with
moderate COPD and history, or increased risk, of
cardiovascular disease.!” In our opinion, the low
severity of COPD in the SUMMIT population,
along with the higher risk of death from concomi-
tant diseases, were key contributors to the lack of
significance of the reduction in ACM with ICS/
LABA treatment, in this case, fluticasone furoate
(FF) and vilanterol (VI), versus placebo (HR 0.88,
95% CI 0.74, 1.04).

The observational OUTPUL study, performed in
a cohort of elderly patients with severe COPD
and multiple comorbidities, suggested that the
addition of an ICS to a LABD reduces the risk of
ACM versus LABD monotherapy (HR 0.83, 95%
CI 0.72, 0.97). In this study, the effect of ICSs
was even more efficient in a subanalysis of the fre-
quent exacerbators included in the cohort (HR
0.63, 95% CI 0.44, 0.90).18

ACM was included as a prespecified outcome in the
recent IMPACT trial, in which patients with symp-
tomatic COPD and at risk of exacerbations were
randomly assigned in a 2:2:1 ratio to one of the fol-
lowing treatments: ICS/LABA/LAMA with FF/
umeclidinium/VI (FF/UMEC/VI), ICS/LABA with
FF/VI, or LABA/LLAMA with UMEC/VIL?
Including off-treatment data, the reduction in the
risk of ACM was significantly reduced in patients
treated with FF/UMEC/VI compared with UMEC/
VI (HR 0.71, 95% CI 0.51, 0.99). On the contrary,
the reduction in the risk of ACM with FF/UMEC/
VI versus FF/VI (HR 0.90, 95% CI 0.67, 1.20) was
not statistically significant.2° However, caution was
warranted in the interpretation of these results due
to the amount of missing data. This has since been
addressed in the collection of additional vital status
follow up with 99.6% of patients having vital status
recorded at week 52 of the study. These data also
demonstrated a statistically significant reduction in
the risk of ACM in patients treated with FF/UMEC/
VI wersus UMEC/VI (HR 0.72, 95% CI 0.53,
0.99).20 A sensitivity analysis, using the tipping
point method,?5 was used to assess the impact the
0.04% missing data at week 52 had on the results
and confirmed the robustness of the results.2°

ACM was also included as a prespecified outcome
in the ETHOS trial, which randomized patients
with symptomatic COPD and a history of exacer-
bations in the previous year in a 1:1:1:1 ratio to

ICS/LAMA/LLABA with budesonide/glycopyrro-
late/formoterol fumarate (BUD/GLY/FOR) at
either a 320 pg or 160 pg dose of BUD, LAMA/
LABA with GLY/FOR or ICS/LLABA with BUD
320ug/FOR.?! Including off-treatment data, triple
therapy with BUD 320ug/GLY/FOR demon-
strated a lower risk of death compared with both
GLY/FOR (HR 0.54, 95% CI 0.34, 0.87) and
BUD/FOR (HR 0.78, 95% CI 0.47, 1.30).?! In
contrast, the triple therapy with the lower ICS dose
(BUD 160ug/GLY/FOR) only demonstrated a
lower risk of death compared with GLY/FOR (HR
0.79, 95% CI 0.52, 1.20), with a higher risk of
death compared with BUD/FOR reported (HR
1.13,95% CI 0.72, 1.80).2! It should be noted that
owing to the testing hierarchy employed in the
ETHOS trial no inferences regarding the statistical
significance of the ACM results could be made.?!

ACM reduction with ICSs in patients with

COPD in comparison to ACM reduction with
treatments for other chronic diseases
Although the two RCTs where ACM was the
main outcome gave nonsignificant results for rea-
sons we have outlined above, we believe that on
the basis of the available evidence, the probability
of reducing the risk of death of patients with
symptomatic COPD at risk of exacerbations
using ICS therapy added to LABDs is quite high.
It is important to evaluate the public health rele-
vance of the results obtained in the IMPACT trial
in which, for the first time, a benefit on ACM has
been prospectively demonstrated by pharmaco-
logical treatment.

The estimated ACM annual risk reduction
obtained by well-established therapies and inter-
ventions in other chronic noncommunicable dis-
eases can set up a scenario to compare with the
IMPACT results (Table 2). These include smok-
ing cessation, the only evidence-based, life-saving
therapeutic intervention suggested for all patients
with COPD, as well as established life-saving ther-
apies for hyperlipidemia, hypertension, diabetes,
and chronic heart failure, all of which are noncom-
municable diseases or disorders that contribute
substantially to increasing the YLL burden.

Of course, our choice of therapies and diseases
for which there is well-established evidence of
ACM reduction is arbitrary. Those included
should not be understood as an attempt to draw

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

A Celi, M Latorre et al.

"uoljoJejul 1elpiesoAw

‘|IN ‘uo1joedy uonals ‘43 ‘uejnosenolpaed ‘A ‘aseasip Adeuownd aA13ONIISAO D1UOIYD ‘QdOD 1BAJISIUI 8dUBPIU0D ‘| ‘ABIIOW asned-Y1e ‘N QY ‘dwAzus bulldaauod-uisuajoibue '3y

"]eld} 8y} JO UOI}eINP PUB UOI}INPaJ YSIJ 8}N10Sge JO Ol}ed 3y} S paje|ndje),

(%C°€) ¢z 1011paAted (%8°L) L€ 0gaded GE'0> 43 uesw 760l = N oednoub
%C6 %97 (08'6€) %S9 /kdedayy paepueys  /Adeusyy paepueis Yim adnjie4 3desy dluodyy ‘syyuowr 9 Apnis jojipanie] sn
a4njley }Jeay d1U0JYd Joj SI9¥20]q B}ag
(%9°%1) (%L°12) sajaqelp || adAy €GL = N shpnis se1aqei(
%LL°0 %L (GG 6] %9E€  0G SUO]e UIWIoNSN 68 0ga2e]d/1310 yum sjuaiied 3ybramiang 'sieakgl 9A1R3dsodd YN
(Adedayy eaunjAuoydins noylM pue yim ulwlojiaw) seyaqelp || adA|
(%Y7°0L) (%CZL) S913qelp pue L6C6 = N
%9€0 %8’ (GZ ‘G) %91 zgy udiwey 69G 0493€]d XS AQ 10 9SESSIP JBINISEA ‘suedkg gzfAPNIs 3d0OH
(1811 Joyigiyul 3Qy) uoisusyladAy
(%6°CL) 8Z€lL (%LY71) se)aqgelp Jo 8seasip  9¢G'0Z = N wAPmis
%9€°0 %81 (61 '9) %EL Bw gy uneiseawls L0G| 0gade)d  JeIndseA ‘aseasip AJeuodo) ‘sieakg u01329}0.d 1eaH
1/10WwQ'8-G'G 92(S¥) ApPMiS 18AIAINS
(%8) 281 10483s310Y0 1€}0} Snid Y777 = N ufjeiseAwlis
%C9°0 %EE  (¢7'GL) %0E buigz uneyseaws  (%gl) 962 099deld  Si03dad eulbue Jo ||y 83Ny ‘sueaky'g UBIABUIDUEDS
(s1e143 unels) elwsepidiaadAy
sieak  sueak-juaned gool sieakgy|
-jusned gog| 42d Q9 Jad ||| Joxows J9A0 SN}e)S UoI1}essad
%150 %1G°0 Japinb paureysng snonuiyuo)y  bBupjows Aq eyep dnoibgng
(%8°LL) L88G = N
L 9% UOIUBAIBIUI (%L°EL) Qd09 @1eJapow ‘dn moyj0y
%Y71°0 %0°¢ (92 ) %7l uonessad bujows 0L¢ ®4e21ENSN 0} PIW ym susyowls sieakgyl | ApmS ynesH bunT
syeam| bulyse) uoijuanlaiul uolyessad bupows
xuoljonpal 11edaAo (1D %S6) (N) syuaned
)sld jenuue uondnpal uononpal Jo Jaquinu
pajews3  sld ainjosqy ysiy dAI)OE 3R] WOV 1043U03 3k WIY uoneindod ‘uoneang ey

"Saw0231n0 3y} buowe papn)dul sem NIV YdIym Ul 040D UBYY JBY0 S8SBISIP D1UOIYD U0 S3IPN}S 1BIIUID SUI0S JO SOIISIIS)0RIRYD UlR|N *Z d1qel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 12

up a complete list of all such therapies that have
similar characteristics. They should be used as a
list of possible references against which to meas-
ure the importance for public health of the results
obtained in the IMPACT study. Nonetheless,
Table 2 highlights that the estimated annual risk
reduction for ACM with FF/UMEC/VIin COPD
is similar to statins in patients with coronary dis-
ease, angiotensin-converting enzyme inhibitors
in patients with vascular disease and metformin
in patients with diabetes who are overweight.

This comparison was based on the annualized
absolute risk reduction (aARR), which can be
derived from the ratio of the risk reduction meas-
ured at the end of each trial to the duration of the
observation in years, under the assumption of a
constant death rate. Of course, the translation of
each aARR to number of deaths avoided each
year is dependent on the number of patients who
are eligible to be treated with the reference treat-
ment used in each study. COPD has a very high
prevalence globally, with no less than one-third of
all patients referred to outpatient clinics present-
ing with the most serious manifestations of the
disease, having a high level of symptoms and a
high frequency of exacerbations.> Based on the
results of the IMPACT and ETHOS trials, it is
indicated that symptomatic patients at risk of
exacerbations can reduce their risk of dying if
treated with ICS-containing triple therapy com-
pared with dual bronchodilator therapy. The
translation of the estimated aARR for ACM in
the IMPACT trial to the large population of treat-
able patients has the potential to significantly
change the public health burden of COPD.

Potential mechanisms explaining the effect

of ICS/LABA/LAMA therapy on mortality
Several hypotheses may be considered in the
attempt to explain the reduction in risk of ACM
by triple therapy in patients with COPD. First of
all, triple therapy significantly reduced the rate of
moderate-severe exacerbations, with a greater
effect than either ICS/LABA or LABA/LAMA
combinations in patients with symptomatic
COPD and at risk of exacerbations.!921:31
Exacerbations are a well-established predictor of
short- and long-term mortality, particularly in
patients with frequent exacerbations.3? Short-
term mortality during and after an acute COPD
exacerbation may be due to the consequences of
respiratory failure and the associated increased

risk of severe cardiovascular events,33-35 probably
caused by the respiratory failure itself, but also by
platelet activation and release of inflammatory
mediators from the lung.36-3°

Consistent with the anti-inflammatory properties
of ICSs, some studies have reported an increased
incidence of nonfatal pneumonia;*® however,
these events are more than offset by the beneficial
effects of these drugs, as indicated by the reduc-
tion in ACM. Furthermore, other long-term side
effects, like metabolic, cardiovascular, and mus-
culoskeletal diseases, in patients with COPD
treated with moderate/high-dose ICSs are fairly
rare and frequently not different from those
observed in non-ICS-treated patients.41:42

According to the systemic inflammation theory,
the activation of proinflammatory mediators in the
peripheral circulation, associated with chronic per-
sistent airway inflammation, may lead to negative
consequences, both in the cardiovascular system
and in other organs and systems.*345 In support of
this theory, C-reactive protein (CRP), proinflam-
matory cytokines, and endothelium-derived micro-
particles have been detected in the blood of patients
with COPD, increasing with COPD severity.6-49
Some of these systemic biomarkers increase fur-
ther during an acute exacerbation, supporting a
potential contribution to a poor outcome of exac-
erbation. Furthermore, persistently high levels of
serum CRP after an acute exacerbation have been
associated with a higher risk of a second exacerba-
tion37>% and the persistence of at least two of the
six inflammatory biomarkers studied in the
ECLIPSE study, that is, white blood cells, high
sensitivity CRP, interleukin (IL)-6, IL-8, fibrino-
gen, and tumor necrosis factor-alpha, was associ-
ated with a poor prognosis.43

Despite the fact that we do not have a clear dem-
onstration that triple therapy including ICSs is
able to modify the release of these mediators from
the lung, it is reasonable to think that the inflam-
matory process of the airways in COPD may be
modulated by pharmacological treatment. This
was demonstrated in a randomized, placebo-con-
trolled study conducted at two centers in The
Netherlands, in which FP therapy reduced airway
inflammation in patients with moderate-to-severe
COPD.5! Furthermore, reductions in moderate-
to-severe exacerbations with several pharmacologi-
cal treatments were greatest in patients with COPD
and an eosinophilic phenotype.523¢ Therefore,
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more studies are needed to verify that the effect of
ICS-containing treatments on ACM is associated
with a significant reduction in specific biomarkers
of airway and systemic inflammation.

Conclusion

In our opinion, the available evidence about the
pharmacological treatments of COPD strongly
suggests the possibility of significantly reduced
risk of ACM and in turn the potentially improved
life expectancy with triple ICS/LABA/LAMA
therapy in patients with symptomatic COPD and
at risk of exacerbations compared with UMEC/
VI. Currently only FF/UMEC/VI and higher
dose BUD/GLY/FOR have been shown to signifi-
cantly reduce ACM in COPD, although we
believe that similar effects will be achieved with
other ICS/LABA/LAMA combinations.

On the contrary, no demonstration has been
obtained as regards the possibility of bronchodila-
torsalone, asbothsingle therapyand LABA+LAMA
combinations, to significantly reduce ACM, as
assessed by some systematic reviews or observa-
tional studies.?®55 However, the greater efficacy of
triple therapy compared with ICS/LABA on ACM,
although not statistically significant, might be
related to the additive effect of two bronchodilators
on the risk of exacerbations.

Reducing ACM is the goal of therapies for chronic
conditions. Although the general perception is
that such an ambitious therapeutic goal is not
achievable for COPD, we believe it is now time to
change the paradigm of treatment for patients
with COPD who are at risk of exacerbations,
moving from the relief of symptoms to the
improvement of long-term prognosis. Of course,
we are confident that therapies for more specific
targets in COPD will be available in the future.
However, at the present time, ICS/LABA/LAMA
association therapy is already able to provide a
high probability of prognostic improvement and
we hope that future guidelines and recommenda-
tions from international initiatives move towards
a less uncertain stance on this crucial point.
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