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M
edicine intends to help patients. Medical
decision and treatment choice must be ba-
sed on the best scientific information cur-
rently available. Randomized controlled

trials together with systematic reviews and meta-ana-
lyses have been the cornerstone of clinical research.1

The objective of clinical guidelines is to produce useful
recommendations for clinicians, by searching, analy-
zing, and assessing the more relevant available scienti-
fic information. Some studies, because of the size of the
sample, the use of randomization and well-defined
measurements, the participation of multiple institu-
tions, or long-term follow-up, are able to give a signifi-
cant level of evidence.2 We chronologically describe and
comment on a group of trials on COPD that have sig-
nificantly influenced the scientific and medical com-
munity in understanding and managing the disease in
the first years of the 21st century.

In Europe, by the end of the 20th century, both FEV
1

and FEV
1
decline were central measurements in the un-

derstanding of the disease. Extensive evidence showed
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ABSTRACT
Randomized controlled trials together with systematic reviews and meta-analyses have been the cornerstone of clinical re-
search. Some studies, because of the size of the sample, the use of randomization and well-defined measurements, the parti-
cipation of multiple institutions, or long-term follow-up, are able to give a significant level of evidence. We chronologically des-
cribe and comment on a group of trials on chronic obstructive pulmonary disease (COPD) that have significantly influenced
the scientific and medical community in understanding and managing the disease in the first years of the XXI century. They
contributed to the different versions of the GOLD strategy.
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that patients could benefit from treatment, beyond
smoking cessation, and oxygen for hypoxemic patients.
Inhaled corticosteroids (ICS) were used to treat patients
with COPD, and this empirical use seemed to be justi-
fied by the episodical increase in FEV

1
and the reported

decrease of FEV
1

decline after treatment with oral cor-
ticosteroids. The Inhaled Steroids in Obstructive Lung
Disease in Europe (ISOLDE) trial was published in 2000,
and for the first time, health status was proven to de-
cline over time in patients with moderate to severe
COPD.3 In such patients, fluticasone propionate in high
dosage (500 µg twice daily) demonstrated to signifi-
cantly reduce acute exacerbations and the rate of de-
cline of health status, even if there was no benefit on the
rate of FEV

1
decline. A previous study, the European

Respiratory Society Study on Chronic Obstructive Pul-
monary Disease (EUROSCOP),4 published in 1999, had
shown that the overall effect of three years of treatment
with budesonide on FEV

1
of smoking patients with mild

COPD was small, and did not affect its long-term de-
cline. Nonetheless, the ISOLDE study significantly en-
couraged the use of high doses of ICS in moderate to se-
vere COPD patients in clinical practice.

At the beginning of the 21st century, there was 
significant evidence that long-acting β2 agonists (LABA)
improved lung function, symptoms, and health status.
There was also some evidence that fluticasone 
delayed the deterioration of health status and reduced
the rate of exacerbations. However, the effect of the
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combination of the two drugs was not known and was
tested for the first time in the TRISTAN study (2003).5 It
showed that in patients with moderate to severe COPD,
the combination therapy (ICS + LABA) was associated
with better control of symptoms, reduction of exacer-
bations, and a modest effect on FEV

1
. The influence of

these two trials, the ISOLD and the TRISTAN, establis-
hed, at that time, the paradigm of the association of
high doses of ICS together with a LABA in the treatment
of moderate to severe COPD, which would last in clini-
cal practice long after opposing evidence. After a nihi-
listic approach in the treatment of COPD,4 an aggressi-
vely optimistic approach was adopted.

Brantigan et al., in 1959, first reported lung volume
reduction surgery (LVRS), palliative treatment for seve-
re emphysema. It was reintroduced in 1995 by Cooper
et al. These authors described, in 1996, the effects of 150
consecutive bilateral lung volume reductions in pa-
tients with severe emphysema. However, there was a
significant lack of criteria for patient selection. The Na-
tional Emphysema Treatment Trial (NETT) identified
high-risk patients that should be excluded from surgi-
cal procedure, and demonstrated a better survival,
compared to medical therapy, in patients with both pre-
dominantly upper-lobe emphysema and low base-line
exercise capacity, after pulmonary rehabilitation.6 This
study, published in 2003, established the criteria cur-
rently used for the selection of COPD patients to LVRS.
The effects were proven to be durable, with the impro-
vement of exercise capacity and symptoms, respectively
throughout a 3 and 4-year period. Interventional the-
rapy has naturally evolved to video-assisted thoracos-
copy and to bronchoscopy interventions. Currently,
some patients may have a better quality of life after
LVRS, acting as a bridge to transplantation or even with-
out needing a transplant.

In the first years of the last decade, COPD was alrea-
dy understood as a complex and heterogeneous disor-
der. It was known that FEV

1
did not capture the entire

complexity of the disease. It did not fully correlate with
other COPD outcomes, as the degree of dyspnea or the
systemic manifestations, and both dyspnea and health
status seemed to more accurately predict the risk of
death. Different authors have investigated other pre-
dictive factors related to COPD mortality, like age, hy-
poxemia, co-morbidities, and exercise tolerance. Acu-

te exacerbations of COPD (ECOPD) were recognized to
have a relevant role in the natural history of the disea-
se, but little was known about their direct influence on
patient mortality. In 2004 Celli et al. proposed the BODE
index (the Body-Mass, Airflow Obstruction, Dyspnea,
and Exercise Capacity Index) to predict the risk of death,
the more definitive outcome in COPD.7 That was the
first multi-component tool described, and promised to
be an important instrument in the careful assessment
of patients. Multidimensional indices were a significant
step forward to best describe the complexity of the di-
sease.

In a prospective study of COPD patients followed for
five years, Soler-Cataluña et al. demonstrated the im-
portance of severe ECOPD on patient mortality.8 It be-
came evident that mortality increased with the fre-
quency of exacerbations, becoming ECOPD another
prognostic factor, as FEV

1
, age, body mass index, co-

morbidity, or respiratory failure.
Smoking cessation in all patients, oxygen therapy for

hypoxemic patients, and LVRT in selected patients, were
the only therapeutic procedures proven to improve sur-
vival in COPD patients. Therefore, this study opened a
new perspective in patients suffering from COPD, be-
cause medical treatments have proven to reduce the
frequency of ECOPD. The importance given to ECOPD
led to choosing exacerbations as a primary end-point
in the evaluation of different pharmacological therapies
in many clinical trials.

A reduction in mortality rate in patients treated with
fluticasone was seen in a post hoc analysis of the ISOL-
DE study. It provided the rationale for a new study in
which, for the first time, all-cause mortality in COPD pa-
tients was the primary outcome. It was necessary to al-
ter the progressive course of COPD. The TORCH (To-
wards a Revolution in COPD Health) was published in
2007.9 It clarified, partially, the role of pharmacothera-
py on COPD. Until then, the overall utility of ICS, alth-
ough widely used in clinical practice, remained con-
troversial in the scientific community. The clinical im-
plications of the trial were that monotherapy with ICS
should not be advocated, monotherapy with LABA was
safe and useful, and the combination therapy decrea-
sed exacerbations, improved health status, offered pro-
tection against a decline in lung function, but did not
affected all-cause mortality.
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Tiotropium was the first drug specifically designed
for COPD patients. It was the first long-acting musca-
rinic antagonist (LAMA) to be commercialized, provi-
ding 24-hour improvements in FEV

1
and hyperinfla-

tion. The UPLIFT (Understanding Potential Long-Term
Impacts on Function) trial was published in 2008,10 and
was designed to test the hypothesis that the regular use
of tiotropium could decrease the rate of FEV

1
decline.

The primary end-point was not reached, but it was as-
sociated with positive effects on health-related quality
of life and a reduced risk of exacerbations and hospita-
lizations. The clinical implication was that tiotropium
should be used to treat symptoms but not to alter the
natural history of the disease.

As tiotropium, salmeterol, fluticasone and the asso-
ciation between the last two drugs have been shown to
prevent ECOPD, a trial was designed to compare the ef-
ficacy of the combination therapy (ICS+LABA) versus
tiotropium alone in preventing exacerbations, in seve-
re and very severe COPD. The INSPIRE study,11 also pu-
blished in 2008, found no difference in the overall rate
of exacerbations between the two treatment groups.

An epidemiological study,12 the Evaluation of COPD
Longitudinally to Identify Predictive Surrogate Endpoints
(ECLIPSE), published in 2010, confirmed the previous
evidence that exacerbations became more frequent as
the severity of COPD increased. It was also clear, for the
first time, that the most reliable predictor of ECOPD, in
an individual patient, was a previous story of exacerba-
tions. The ECLIPSE study also established the paradigm
of the ‘frequent-exacerbator’ phenotype: independent
of disease severity, stable over time, and easily identified
on the basis of the previous history of exacerbations.
Some patients are more prone to exacerbation not due
to their functional severity but rather to an intrinsic per-
sonal susceptibility. This fact had important implications
on the management of the disease. Agusti et al., analy-
zing data collected at recruitment of the ECLIPSE study,
also accomplished relevant observations reflecting the
heterogeneity of the disease.13 They were against the im-
portance given to common COPD classification based
upon the degree of airflow limitation because it was a
poor predictor of other features of the disease.

By the year 2011, there was sufficient evidence to re-
commend the use of long-acting bronchodilators to
treat symptoms and reduce the risk of exacerbations in

patients with moderate, severe, and very severe COPD.
However, there was no evidence regarding whether a
LABA or a LAMA should be selected. In the POET-COPD
study, patients with moderate to very severe COPD and
a history of exacerbations were evaluated. Tiotropium
was found more effective than salmeterol, significantly
increasing the time to the first moderate or severe exa-
cerbation, and significantly decreasing the annual rate
of ECOPD. Although a considerable number of patients
received concomitant therapy with ICS and the inhala-
tion devices used to deliver salmeterol (a pMDI®) or
tiotropium (the HandiHaler®) were different, this was
the first study to demonstrate the superiority of a LAMA
over a LABA in the prevention of exacerbations. The
main clinical implication was that a LAMA should be
the first bronchodilator to be selected in symptomatic
patients with a history of recent exacerbations.14

The SPARK study was the first to report the efficacy
of dual long-acting bronchodilator therapy in patients
with severe and very severe COPD and a high risk of exa-
cerbations.15 At the time the trial was published, accor-
ding to the GOLD 2013 strategy, the assessment of risk
for COPD exacerbations was based both on the history
of previous exacerbations and airflow limitation, and
dual bronchodilator therapy was only the second-choi-
ce option, for both C and D categories. A combined
bronchodilator therapy superiority was proven to pre-
vent moderate to severe exacerbations, compared to a
single LAMA therapy. The message for clinical practice
was clear, and the strength was enough to suggest a re-
vision in the treatment strategy for GOLD’s C and D
groups. However, the ICS+LABA association was the 
other first-choice therapeutic recommendation for the
same GOLD categories, and it was never compared with
dual bronchodilator therapy, until the publication of
the FLAME study in 2016.16

There was significant evidence to recommend the
association of an ICS+LABA to treat patients at risk 
of frequent exacerbations.15 Nonetheless, with the 
evidence of the superiority of the dual bronchodilator
therapy over only one bronchodilator in preventing
COPD exacerbations, the benefit of ICS, in addition to
two bronchodilators, was not significantly explored.
The Withdrawal of Inhaled Steroids During Optimized
Bronchodilator Management (WISDOM) study was 
the first trial with sufficient strength to prove the 



hypothesis of therapeutic de-escalation in COPD.17 All
patients were treated with tiotropium plus salmeterol.
A stepwise reduction in fluticasone in one arm of the stu-
dy did not increase the risk of moderate or severe exa-
cerbations. The message for clinical practice was clear:
the continuation of using ICS, in patients taking long-
acting bronchodilators, can only be justified if a symp-
tomatic improvement may be attributable to the ICS.

For many years, since the seminal research by Flet-
cher and Peto,18 the natural course of the disease was
seen as an acceleration of the natural age-related decli-
ne in lung function, assessed by FEV

1
, in susceptible per-

sons to tobacco smoke or other noxious particles or ga-
ses. Using data from three large studies, the Framingham
Offspring Cohort, the Copenhagen City Heart Study, and
the Lovelace Smokers Cohort, Lange et al. found that the
lung function reached early adulthood was related to
the diagnosis of COPD later in life. In some patients the-
re was a rapid decline in FEV

1
from a normal level of

lung function and others did not have accelerated rates
of decline, started instead from a low initial value of
FEV

1
. A wide range of individual trajectories, related to

FEV
1
decline was also found. Furthermore, periods of ra-

pid decline and others with normal decline can co-exist
in the same person. This study, published in 2015, emp-
hasized the need for an early diagnosis of COPD, and
drew attention to other risk factors, as maternal smoking
and asthma or respiratory infections in childhood.

The FLAME study, in 2016, compared an ICS+LABA
with a LAMA+LABA for the prevention of ECOPD of all
severities. The rationale of the study reports to previous
studies, namely the POET, the SPARK, and the WISDOM,
and to the importance given to COPD exacerbations, a
key feature in the natural history of the disease. The su-
periority of a LAMA+LABA combination versus an
ICS+LABA combination was proved for the first time.
The LAMA+LABA association was found to better im-
prove lung function, quality of life and prevent exacer-
bations, no matter the baseline blood eosinophil count
(2% or higher). This conclusion conflicts with other
trials, showing increased rates of ECOPD among pa-
tients with a blood eosinophil count ≥ 4% or 300 cell/µL.

In the same year, the Study to Understand Mortality
and Morbidity in COPD (SUMMIT) found that flutica-
sone plus vilanterol therapy was safe and did not affect
cardiovascular outcomes. It reduced exacerbations and
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the FEV
1

decline but did not affect the overall mortali-
ty in patients with both moderate COPD and heighte-
ned cardiovascular risk.19

The role of ICS in the treatment of COPD continues
to be the object of debate, and their role in step-up from
dual (LAMA + LABA) to triple therapy has been weak.
The IMPACT study, published in 2018, aimed to fill this
gap, by comparing a once-daily triple therapy with dual
therapy.20 Not surprisingly, triple therapy resulted in a
lower rate of moderate or severe COPD exacerbations,
a lower rate of hospitalizations, better lung function,
and better related quality of life. The study also showed
that combination therapy (ICS+LABA) was superior to
double bronchodilator therapy, in preventing COPD
exacerbations. This finding contrasts with the FLAME
results. The inclusion of patients with a past history of
asthma, and the withdrawal of ICS at randomization, in
patients to whom they were recommended, could jus-
tify the different findings between the two studies. This
can also suggest that only a subset of patients could in
fact benefit from triple therapy.21 Meanwhile, when ad-
ding an ICS to double bronchodilator therapy, clini-
cians may expect a lower rate of ECOPD but a higher risk
of pneumonia – which can be more acceptable is a mat-
ter to be decided on an individual basis.

THE EVIDENCE-BASED MEDICAL DECISION IN
COPD
Evidence related to the treatment of patients with COPD
is reflected in the GOLD strategy. Smoking cessation is
mandatory in all patients. Long-term oxygen therapy
improves survival in chronic hypoxemic patients. Pul-
monary rehabilitation improves dyspnea, health sta-
tus, and exercise tolerance. In selected patients with
upper lobe emphysema refractory to medical care, sur-
gical or bronchoscopy treatments have to be conside-
red. Pharmacological therapy reduces symptoms, the
frequency and severity of exacerbations, and improves
health status and exercise tolerance. There is no con-
clusive evidence that current medications can stop the
long-term decline in FEV

1
. Long-acting bronchodila-

tors are central medication in this disease. In COPD pa-
tients without a previous history of asthma or features
of asthma, ICS can be used in case of severe loss of lung
function or frequent exacerbations, after optimization
of bronchodilator treatment.
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RESUMO

COMO ALGUNS ENSAIOS CLÍNICOS RANDOMIZADOS INFLUENCIARAM A DECISÃO MÉDICA NA DPOC
Os ensaios clínicos randomizados, juntamente com as revisões sistemáticas e meta-análises, têm sido o suporte da evidência
em medicina. Alguns estudos, devido ao tamanho da amostra, ao uso de aleatorização, à participação de várias instituições ou
ao longo follow-up, são capazes de fornecer um nível considerável de evidência. Descreve-se e comenta-se cronologicamente
um grupo de trabalhos no âmbito da doença pulmonar obstrutiva crónica (DPOC) que influenciaram significativamente tanto
a comunidade científica como a comunidade médica na compreensão e tratamento da doença, nos primeiros anos do século
XXI, e que por essa razão foram incorporados nas diferentes versões da estratégia GOLD.

Palavras-chave: DPOC; Evidência; Ensaios clínicos randomizados; Tratamento; Resultados.


