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Abstract: COPD is a common cause of disability, morbidity and mortality worldwide and
a major global health problem with enormous direct and indirect health care costs. Different
reasons can be advanced to explain it, but among them the possibility that the recommended
diagnostic and therapeutic approaches to COPD were less effective than they could be, should
be also considered. The pharmacological baseline treatment of stable COPD has been widely
based on the severity of airflow obstruction and recently, of chronic symptoms and on the
annual number of previous exacerbations. These recommendations do not take into account the
underlying prevalent disease that should be treated and the future risk. Our suggestion is that
the therapy must be firstly tailored on the prevalent disease leading to COPD, independently
from the degree of FEV | reduction and chronic dyspnea and only after that, according to the
severity of the disorder (and age of patient), to establish the level of the treatment in order to
freeze, when possible, and not to follow the underlying pathological process, running after it.
Moreover, given the relevance of exacerbations in the natural history of COPD, greater effort
should be placed on recognition of their prevalent type in frequent exacerbators and to prevent
them using more tailored and specific treatment.
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Introduction
COPD is a common cause of disability, morbidity, and mortality worldwide and a
major global health problem with enormous direct and indirect health care costs.!?
The worst notice, however, is that the mortality rate (number of deaths per 100,000
persons) for COPD in the last 50 years (at least in USA) has progressively increased in
both men and women older than 60 years in every 5-year period.> Moreover, among the
20 leading causes of deaths in USA, the only one that has substantially increased
the age-standardized relative rank of death in the last 20 years is COPD.* In Europe,
the situation seems better, and in many European countries, the mortality rate (number
of deaths for 100,000 persons) for COPD is decreasing, particularly in men.’ However,
for 100,000 deaths, the percentage of mortality due to COPD is increasing, suggesting
that among chronic noncommunicable diseases COPD is less effectively treated.’
Therefore, according to this trend, it is estimated that COPD will become the third
worldwide cause of mortality in 2030.¢ Of course, there are many causes for this, but
among them the possibility that the recommended diagnostic and therapeutic approaches
to COPD were less effective than what they could be should be seriously considered.

Definition

Let us start with definition which is a fundamental point. The most disseminated
definition says that COPD is a disease.! In fact, D in the COPD acronym stands for
disease. It must be acknowledged, however, that COPD is recognized in the definition
as an obstructive functional defect associated with a chronic immune inflammatory
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process, occurring in the lungs of susceptible individuals
with known risk factors, in the absence of other causes.
Thus, strictly speaking, D in the COPD acronym should
stand for disorder. Since the 1960s, based on pathological
findings, it has been clear that similar functional disorder
could arise from different diseases, essentially two, one
originating from small airways and the other from lung
parenchyma.’

Today, we know that chronic bronchiolitis, which is a
progressive, proliferative, and fibrosing pathology of the
membranous and terminal bronchioli due to persistent inflam-
matory, immune, and remodeling process, is by far the most
common disease leading to COPD.? In contrast, panlobular
emphysema, which is a destructive and hyporegenerative
pathology of the alveolar walls with some autoimmune fea-
tures, is a rare disease that may originate among individuals
with severe alpha-1-antitrypsin deficiency and heavy smokers
and also leads to COPD.*!°

Moreover, chronic bronchiolitis can be frequently associ-
ated with centrilobular emphysema, when the inflammatory
process involves the respiratory bronchioli with subsequent
destruction of the secondary lobule, from the center to peri-
phery. This may configure the presence of mild (<5% of the
lung volume with low attenuation area [LAA] <-950 HU,
showing round- or oval-shaped LA A with well-defined border),
moderate (>5% of the lung volume with LAA <-950 HU,
showing polygonal- or irregular-shaped LA A with ill-defined
border), or confluent (showing irregular-shaped LAA with
ill-defined border coalescent with each other) centrilobular
emphysema.'! Actually, centrilobular emphysema does not
occur without chronic bronchiolitis, and there is growing
evidence that injury of terminal bronchioli would precede
the enlargement of centrilobular spaces.'?

In a cross-sectional high-resolution computed tomogra-
phy analysis, it is often impossible to distinguish between
panlobular emphysema and confluent centrilobular emphy-
sema, the only distinctive clue being the prevalence of
destructive lesions in the lower lobes in the former.

At the stage of severe-to-very severe airflow obstruction,
fibrosing chronic bronchiolitis with (same degree of) centri-
lobular emphysema is the pathological condition most fre-
quently encountered. Although not definitely proved, isolated
fibrosing chronic bronchiolitis should be the most common
form of COPD at earlier stages of airflow obstruction.

In all circumstances, however, a progressive reduction in
maximal expiratory and inspiratory flow rates may develop
because of an increase in airway resistance and/or a decrease
in pulmonary static elastance. Diminution of the elastic

recoil pressure can augment the expiratory flow resistance
by distortion and collapse of the small airways because of
reduction in tethering forces. This phenomenon is amplified
by the loss of airway—parenchyma interdependence due to
progressive disappearance of alveolar attachments.

Diagnostic and severity assessment
With the above-mentioned background, in a patient with
COPD, the priority should be to define the prevalent underly-
ing disease. Generally, clinical, radiological (chest X-ray),
and adequate functional assessments are sufficient to achieve
this (Tables 1 and 2), but sometimes this task requires a
more extensive work-up including high-resolution computed
tomography lung scan.

Is it useful? Many lines of evidence suggest yes. Based
on different underlying disease, namely prevalent chronic
bronchiolitis versus prevalent pulmonary emphysema, in
patients with COPD the effect of anti-inflammatory treat-
ments (inhaled corticosteroids and/or phosphodiesterase 4
inhibitors, for instance) on top of long-acting bronchodilators
is different in terms of improvement in function, symptoms,
quality of life,'*'* and prevention of exacerbations.' !
In addition, the functional decline is differently affected
by treatment,'®!? the all-cause and respiratory mortal-
ity is different in long-term follow-up,” and finally, the
clinical phenotypes and some comorbidities tend to cluster
differently.?!-?2

After that it is mandatory to stage the COPD severity,
which cannot rely only on forced expiratory volume in 1 sec-
ond (FEV ) and, as recently suggested, on symptoms, requir-
ing instead a multidimensional approach not only to have a
prognostic evaluation but also to establish the level of initial
treatment and timing of monitoring. Presently, the updated
BODE (body mass index, airflow obstruction, dyspnea and
exercise capacity) index appears the most suitable tool for
such purpose,? taking into account also the distribution of the
symptoms during the day and the gas exchange abnormalities.
Prospectively, determination of some plasma biomarkers,
such as C-protein and fibrinogen, might be useful * All of this
information must be weighted for the age of the patient.

Subsequently, an annual history of COPD exacerbations,
as much as is possible to detail, must be performed because
a high frequency of COPD exacerbations is an undisputable
marker of disease severity that needs to be aggressively
controlled. It is of limited utility to simply count the previous
COPD exacerbations, and every effort should be made to
recognize the prevalent type, and so choose the best available
strategy to prevent them.?
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Table | Functional aspects of patients with prevalent chronic
bronchiolitis

Patients with prevalent chronic bronchiolitis (+ centrilobular
emphysema mild-to-moderate)

Severity

FEV /VC, FVC, FEV, reduced

FRC increased, IC reduced (dynamic hyperinflation)

RV increased

Phenotype

MEF/MIF 50% ratio normal or slightly low

Normal static pulmonary compliance (normal K and elastic

recoil at 90% TLC)

TLC not increased

DLCO and KCO normal or slightly reduced (ventilation inhomogeneity)
More frequent significant acute bronchoreversibility

(after 400 ug albuterol)

More frequent aspecific airway hyperresponsiveness

Greater bronchodilating effect of deep inhalation (after methacholine)
Rare and later resting expiratory flow limitation in supine position

Abbreviations: FEV, forced expiratory volume in | second; VC, vital capacity;
FVC, forced vital capacity; MEF, mean expiratory flow; MIF, mean inspiratory flow;
RV, residual volume; TLC, total lung capacity; FRC, functional residual capacity; IC,
inspiratory capacity; DLCO, diffusing capacity of the lung for carbon monoxide; KCO,
transfer coefficient of the lung for the carbon monoxide.

The various comorbidities should finally be investigated
and graduated by severity in order to treat adequately those
known to have a major impact on mortality in patients with
COPD.*

Therapeutic approach
The pharmacological baseline treatment of stable COPD
has been widely based on the severity of airflow obstruction

Table 2 Functional aspects of patients with prevalent emphysema

Patients with prevalent emphysema (panlobular emphysema or
chronic bronchiolitis with confluent centrilobular emphysema)
Severity

FEV /VC, FVC, FEV, reduced

FRC increased, IC reduced (static and dynamic hyperinflation)

RV increased

Phenotype

MEF/MIF 50% ratio low or very low

High static pulmonary compliance (high K, reduced recoil at 90% TLC)
TLC increased (overinflation)

DLCO and KCO decreased (loss of alveolar surface and capillary density)
No significant acute bronhcoreversibility (after 400 Lig albuterol)

No or mild aspecific airway hyperresponsiveness

Decreased bronchodilating effect of deep inhalation (after methacholine)
Frequent and earlier resting expiratory flow limitation in supine position

Abbreviations: FEV , forced expiratory volume in | second; VC, vital capacity;
FVC, forced vital capacity; MEF, mean expiratory flow; MIF, mean inspiratory flow;
RV, residual volume; TLC, total lung capacity, FRC, functional residual capacity; IC,
inspiratory capacity; DLCO, diffusing capacity of the lung for carbon monoxide; KCO,
transfer coefficient of the lung for the carbon monoxide.

and recently also of chronic symptoms and on the number
of exacerbations in the previous year.!

With the interesting but somehow confusing exception of
the Spanish guidelines,”” these recommendations do not take
into account the underlying prevalent disease that should be
treated and the future risk.

Moreover, the exacerbations are just enumerated with
no attempt to define their etiology, always suggesting the
stereotyped use of inhaled corticosteroids (ICS) on top of
bronchodilators when they are two or more in the previous
year (or one severe, requiring hospitalization).!

In contrast, the therapy must be first tailored on the preva-
lent disease underlying COPD, independent from the degree
of FEV reduction and chronic dyspnea score, and only after
that, according to the severity of the disorder (and age of
the patient), to establish the level of the treatment in order
to freeze, when possible, and not to follow the underlying
pathological process, running after it (Figure 1).

We do not need expensive randomized controlled trials
(RCTs) anymore where thousands of patients with COPD
having different underlying diseases and having different
severity of airflow obstruction are enrolled all together,
trying to understand the effect of a same treatment. On the
contrary, more valuable information about any given targeted
intervention might be collected, studying small numbers of
well-selected patients with COPD, with same underlying
disease, similar clinical phenotypes, same degree of airflow
obstruction and/or BODE index, and similar age range, for
an adequate span of time.

It can be speculated, but it must be proved with well-
designed prospective studies that this approach will be more
effective in terms of lung function decline and patient-related
outcomes, particularly if applied in the initial phases of COPD,
implying an early diagnosis of chronic airflow obstruction and
a better characterization of the underlying disease.

Perhaps, we would learn that more aggressive treatments
have to be implemented in the earlier stages of COPD, instead
of using them in the more advanced ones as recommended
today, to obtain the best possible outcomes. This has been
suggested by the post hoc subgroups analysis in the previous
interventional large studies on COPD where improvement
in symptoms, exacerbation frequency, FEV  annual decline,
and all-cause mortality was demonstrated only for patients
with COPD stages II and III (Global Initiative for Chronic
Obstructive Lung Disease).?**

The goal should be to have patients dying with COPD
(when allowed by the underlying disease, essentially chronic
bronchiolitis) and not because of COPD.
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Chronic
bronchiolitis

Panlobular
emphysema

Chronic bronchiolitis with
centrilobular emphysema

Mild Moderate Confluent

Chronic
therapy

Severity?

Bronchodilators

ICsP

Alpha-1-antitrypsin
augmentation therapy

U-LAMA or LAMA bid

+ U-LABA or LABA bid + theoghxlline
Hiﬁh/low dose m

If indicated

Figure | The baseline pharmacological approach to COPD according to the prevalent underlying disease.

Notes: ?Judged according to persistence of daytime and/or nighttime symptoms, resting dynamic hyperinflation, lung function deterioration (in terms of FEV, annual decline and
plethysmographic lung volume changes) and limited exercise tolerance (based on patient’s lifestyle). °If eosinophilic inflammation (or surrogates: significant acute reversibility of
airway obstruction, presence of airway hyperresponsiveness, high FENO); fluticasone dipropionate: high dose =1,000y equivalent/daily; low dose =500y equivalent/daily.
Abbreviations: bid, twice daily; FEV,, forced expiratory volume in | second; ICS, inhaled corticosteroids; FENO, fractional exhaled nitric oxide; LABA, long-acting beta-
adrenoceptor agonist; LAMA, long-acting muscarinic antagonist; U-LABA, ultralong-acting beta-adrenoceptor agonist; U-LAMA, ultralong-acting muscarinic antagonist.

Exacerbations

The prevention of COPD exacerbations is a point of
paramount importance in the management of COPD that
needs a completely different approach because it cannot be
addressed simply with the baseline pharmacological treat-
ment. We know a lot about COPD exacerbations, even if
their diagnosis, essentially based on worsening of chronic
symptoms reported as relevant by the patients, is presently
still based on the exclusion of other diseases. To suffer from
two or more COPD exacerbations or from one severe COPD
exacerbation leading to hospitalization in the previous year
is without doubt a marker of COPD severity, independent
from the underlying disease, degree of airflow obstruction,
and entity of symptoms or BODE index, even if lower
FEV, is associated with higher risk of frequent and more
severe exacerbations. Although the probability of having a
new COPD exacerbation is greater in those patients with

COPD who previously experienced COPD exacerbations
(so-called frequent exacerbators),*® such status, with few
exceptions,’3* cannot be identified as a distinct pheno-
type, rather as a condition requiring more strict social and
medical attention. In fact, it is quite easy to shift from a
frequent exacerbator to a nonfrequent exacerbator and vice
versa,** sometimes without an obvious reason, but often
clearly because of a more adequate and comprehensive
treatment.*

Given the prognostic importance of COPD exacerbations,*
however, we cannot be limited to simply counting exacer-
bations; we must learn how to consistently recognize the
prevalent type in a single patient. Such an approach is crucial
to prevent more effectively the COPD exacerbations using
more tailored and specific therapies (Figure 2).

Some plasma, blood, or sputum biomarkers have been
shown to be associated with high sensitivity and specificity
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Chronic
bronchiolitis

Chronic bronchiolitis with
centrilobular emphysema

Mild Moderate Confluent

Panlobular
emphysema

If frequent AECOPD,
consider for prevention:

ICs=

Roflumilast

Thiols®

Antibiotics®

Bronchodilators, C-PAP, anti-
reflux drugs, anti-depressive drugs,
vit-D supplements, etc?

Figure 2 The different preventive approach to acute exacerbation in COPD.

Notes: °If eosinophilic exacerbations only. ®If chronic bronchitis, if environmental pollution, if still current smoker (carbocistein — N-acetyl carbocysteine high doses). “If
bacterial AECOPD, expected in the presence of bronchiectasis, chronic bronchitis, and bacterial colonization (macrolides). ‘Other causes of exacerbations (not infectious,

not eosinophilic, and not induced by oxidative stress) according to etiology.

Abbreviations: AECOPD, acute exacerbations of chronic obstructive pulmonary disease; vit, vitamin; ICS, inhaled corticosteroids; C-PAP, continuous positive airway

pressure.

to a prevalent clinical type of COPD exacerbation: eosino-
philic, infectious either virus or bacteria associated, or pauci-
inflammatory, due to several possible causes that have to be
identified.’” More interestingly, these specific biomarkers
tend to be detectable also in stable conditions, at least in
eosinophilia- and bacteria-associated exacerbations, allow-
ing an easier identification of the most likely future pattern
of COPD exacerbations.”’

Thus, when possible, each prevalent type of COPD
exacerbation in a given patient who is a frequent exacerbator
should be appropriately prevented by specific treatments that
cannot be invariably the use of high-dose ICS, as presently
recommended."?’

Long-acting bronchodilators and mainly ultralong-acting
bronchodilators (both beta-2 agonist and antimuscarinic

drugs) are able to prevent up to 30% of COPD exacerba-
tions when given alone®® and possibly more when given in
combination.*

ICS are very useful to prevent the eosinophilic
exacerbations,* " but it is difficult to see how ICS can pre-
vent infectious exacerbations, or even noneosinophilic and
noninfectious exacerbations, apart from strengthening the
action of bronchodilators such as long-acting beta-2 agonists
(LABA) in some circumstances.

In patients with COPD having bronchiectasis and chronic
bronchitis, COPD exacerbations are often infectious and bacte-
rial in nature and must be prevented with antibiotic prophylaxis,
at least in the winter season. There is strong evidence that
macrolides may significantly reduce COPD exacerbations,**+
suggesting that this kind of exacerbation can be prevented in
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some clinical phenotypes of patients with COPD having high
risk of bacterial colonization or chronic infections.

Presently, only adequate immunization against influenza
virus can be offered for viral exacerbations in patients with
COPD, and we urgently need the same effective tools for rhi-
novirus infection, the most common cause of virus-associated
COPD exacerbation.

All other types of COPD exacerbations (noninfectious
and noneosinophilic) deserve accurate work-up and specific
preventative treatment should be applied when the cause is
recognized (Figure 2). Many of these exacerbations, in fact,
can be largely avoided with targeted approaches.*®*4 For
instance, in the presence of patients with COPD having pre-
sumable high oxidative stress (those who continue smoking,
those with chronic bronchitis, and those with high exposure
to environment pollution), an adequate antioxidant support
might significantly reduce COPD exacerbations.*4’

Finally, a strict adherence to baseline chronic therapy
should be assured throughout a strong relationship between
patients with COPD and their physicians and caregivers
because this aspect is crucial to obtain improved control of
COPD exacerbations and their consequences.*

Conclusion

In summary, in patients with COPD, first treat as soon as
possible the underlying disease, aiming to freeze the disease
and halt progression, ready to implement treatment (essen-
tially with different bronchodilators, including theophylline)
to control symptoms and improve lung function, exercise
tolerance, and quality of life, if necessary. Second, look at the
exacerbations of COPD, if they are frequent (more than one in
a year), define their prevalent phenotype (eosinophilic, bacte-
rial, or due to other causes) and treat to prevent accordingly.
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