
catecholamine levels (P = 0.010). Specifically, high-catecholamine
specimens were relatively enriched with P. aeruginosa, which was
present in low abundance in low- and moderate-catecholamine
specimens. Conversely, a prominent nonaeruginosa pseudomonad,
Pseudomonas fluorescens, was enriched in low-catecholamine
specimens and absent from high-catecholamine specimens
(Table 1). Its relative abundance was negatively associated
with intraalveolar norepinephrine and total catecholamine
concentrations (P< 0.01 for each). These associations remained
significant when adjusted for indices of acute infection (Shannon
diversity index and total bacterial DNA, P< 0.05 for each). Thus,
community membership of the bacterial lung microbiome is
significantly associated with intraalveolar catecholamine
concentrations.

This study is the first to report an association between increased
intraalveolar catecholamines and both indices of acute infection
and emergence of specific microbiome community members as
a dominant species. Our results support the in vivo plausibility of
a previously postulated (2, 4, 6) positive feedback loop that propels
the inflammation and bacterial growth of acute pneumonia: select
bacterial growth provokes alveolar inflammation, resulting in
increased intraalveolar catecholamines, which in turn further
provoke selective bacterial growth among catecholamine-
responsive species. P. aeruginosa was the community member
most enriched in high-catecholamine conditions; this finding is
consistent with past in vitro demonstrations that P. aeruginosa
growth is dose-dependently promoted by various catecholamines
(4, 5). P. aeruginosa is the most commonly isolated respiratory
pathogen in a variety of clinical settings, including ventilator-
associated pneumonia; thus, our findings may have broad
mechanistic implications in the pathogenesis of respiratory
infections. Interestingly, we found a strong and independent
negative association between intraalveolar catecholamines and
P. fluorescens, which we have shown to be a prominent,
nonpathogenic inhabitant of the human lung microbiome (7, 9).
The mechanism and significance of this negative association is
undetermined. We also observed a strong correlation between
intraalveolar catecholamine levels and the abundance of alveolar
neutrophils; this finding is consistent with experimental evidence
that neutrophils generate catecholamines and contribute to alveolar
inflammatory injury (10).

Catecholamines, both endogenous and exogenous, are
prominent in the pathogenesis and treatment of respiratory disease
and critical illness. This is the first report of an association between
endogenous catecholamines and features of the bacterial lung
microbiome. To our knowledge, nothing is known about the effects
of exogenous catecholamines, adrenergic agonists, or adrenergic
antagonists on the bacterial lung microbiome. Our results suggest
that further study is warranted to determine whether microbe–host
interactions via catecholamines contribute to the pathogenesis of
respiratory infections. n
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External Validity of Randomized Controlled Trials in
Severe Asthma

To the Editor:

Randomized controlled trials (RCTs), because they are evidence
based, are the most reliable way to assess the efficacy and safety of
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a new drug. This high level of evidence relies on strong methodology
and a strict legislative framework. Both are carefully reviewed and
approved by regulatory agencies and ethics committees before
the enrollment of patients can begin.

Despite all these requirements, however, there is no guarantee that
study subjects are representative of the population seen in clinical practice,
and thus, there is no guarantee of the applicability of a trial’s results.

One of the most common criticisms leveled at clinical trials is that
they lack external validity because of their narrow eligibility criteria and
that their results only apply to a small, selected population (1–6).

The purpose of the present study is to quantify the real-life
population representation in RCTs studying severe asthma. We
report the most discriminating criteria from RCTs that could
compromise their applicability to real-life patients.

Methods

Patients’ data. We used a dataset from patients taken from the
academic COBRA (Cohorte Obstruction Bronchique et Asthme)
cohort (Figure 1). A total of 593 patients with asthma were
enrolled in this ethically approved French asthma-clinic cohort,
all of whom had been thoroughly investigated and followed up.
Patients had been recruited by departments of respiratory disease
in French university hospitals, which commonly enroll patients in
sponsored clinical trials. To enter the cohort, a patient has to
consent, be diagnosed with asthma by a pulmonologist, and be
younger than 80 years. Within this cohort, patients with severe
asthma were identified according to the Global Initiative for Asthma
(GINA) criteria (7).

RCTs. Using a clinical website (www.clinicaltrials.gov/), we
exhaustively selected interventional industrial RCTs recruiting
patients that had the efficacy of a drug therapy as their primary
endpoint. Our keywords used were “severe asthma,”
“uncontrolled asthma,” “refractory asthma,” and “difficult
asthma.” Twelve trials were found and were classified according
to the number of eligibility criteria, as reported in the Clinical
Trials website (www.clinicaltrials.gov/). Trials with an
incomplete profile were discarded: we assumed that those
trials that required fewer than five eligibility criteria were
incomplete.

All eligibility criteria used in these trials were compiled. These
included demographics (age, body mass index/weight, smoking
history), asthma diagnosis criteria, asthma severity, control criteria
(baseline FEV1, exacerbation history, admission into an intensive care
unit for asthma, asthma medications), and comorbidities criteria.

These criteria were then applied to the population of patients
with severe asthma in our cohort to assess the most discriminating
criteria. Subsequently, we accurately calculated the eligibility rates
according to the population of patients with severe asthma
represented in each RCT.

Results
The online search for trials provided us with eight assessable RCTs.
We found that 303 patients with asthma of the 593 patients enrolled
in the COBRA cohort (51%) were classified as “severe” according
to the GINA criteria (steps 4 and 5). Within this population of
patients with severe asthma (according to the GINA criteria), the
percentage of patients who would have been eligible to enter a trial
ranged from 0.27 to 10.71%, depending on which trial was being
assessed.

Overall, 89.29–99.73% of the patients enrolled in the
COBRA cohort, defined as having severe asthma, failed because
of at least one eligibility criterion (Table 1). Of these, 73% failed
because of insufficient airflow reversibility (,12% FEV1

improvement with a bronchodilator). Minimum exacerbation
rate in the previous year was the second most discriminating
criterion, responsible for exclusion of 58% of patients with severe
asthma. When daily intake of oral corticosteroids was an
exclusion criterion, 50% of the severe COBRA patients were
ineligible. A history of intensive care unit admissions for asthma
excluded 31% of patients. Maximum and minimum FEV1

excluded 24 and 23% of patients, respectively. Only 77% of
patients with severe asthma fulfilled the “smoking status”
criterion. Finally, 3 and 2% of patients failed the body mass
index/weight and comorbidities criteria, respectively.

Current pregnancy or breastfeeding, negative methacholine
challenge, and an Asthma Control Questionnaire (8) score lower
than 1.5 were also exclusion criteria in some RCTs, but this
information was missing from the COBRA database.

Conclusions
When the eligibility criteria for entering a RCT were applied to the
clinical features of 303 patients with severe asthma, who had been
well defined and thoroughly characterized in a large French national
prospective cohort, we found that less than 10% were potential
RCT candidates.

Many key eligibility criteria for entering RCTs are usually not
considered in the daily practice of prescribing antiasthmatic

Severe asthmatics

Eligible patients

Selection of RCTs on
clinicaltrials.gov:

– Interventional
– Recruiting
– Efficacy primary
   endpoint

>

Key words:

– Severe asthma
– Uncontrolled asthma
– Refractory asthma
– Difficult asthma

>

COBRA Cohort: 593 asthmatic
patients

GINA

Eligibility criteria

RCTs

Figure 1. Methods used to determine the eligibility of patients in each
clinical trial. COBRA = Cohorte Obstruction Bronchique et Asthme; GINA =
Global Initiative for Asthma; RCTs = randomized controlled trials.
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drugs, such as age, bronchodilator reversibility, and history of or
current tobacco use. Naturally, some criteria may be warranted
by the trial methodology to reach the primary endpoint. For example,
the minimum exacerbation rate in the previous year may guarantee
a sufficient number of events to avoid studies being prolonged if
the primary endpoint is the time until the first exacerbation. These
administrative and financial constraints should not, however,
affect the scientific value of these studies, and the results should remain
able to be extrapolated to excluded populations.

Patients included in RCTs are young, are recently diagnosed,
are healthy other than their asthma, have moderate to severe rather
than very severe asthma, and have never been heavy smokers.
Because current guidelines such as GINA rely on results from such
exclusive RCTs, this calls into question the extent to which these
guidelines are applicable to daily practice. n
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Marseille, France

and

Aix Marseille Université
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A Potential Link between Serum Low-Density
Lipoproteins and Asthma

To the Editor:

We read with great interest the article by Barochia and colleagues
about the relationship between serum lipid and apolipoprotein
levels and asthma (1). As highlighted by the authors, although
apolipoproteins and lipoproteins are important modulators of
inflammation, varying relationships exist between these parameters
and asthma (2), and the data are still not conclusive. Indeed, it is
still not fully clear which lipoproteins are more strictly associated
with asthma development and progression (severity).

Barochia and colleagues report a positive correlation between
FEV1% predicted and high-density lipoprotein (HDL)-cholesterol
or apolipoprotein A-I in atopic asthma, and they also suggest that
this correlation may be largely mediated by the subfraction of
large HDL particles. This finding seems to complement what we

Table 1. Ranking of the Most Discriminating Criteria Used in
Randomized Controlled Severe Asthma Trials

Criterion
Patients Excluded Because of

the Criterion (%)

Reversibility 73
Exacerbation rate 58
Absence of oral
corticosteroid treatment

50

No ICU admission history 31
Maximum FEV1 24
Minimum FEV1 23
Smoking status 23
Age 10
BMI/weight 3
Comorbidities 2

Definition of abbreviations: BMI = body mass index; ICU = intensive care
unit.
Percentages are out of the total number of patients in the COBRA (Cohorte
Obstruction Bronchique et Asthme) cohort.
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