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ABSTRACT .

On a global level, respiratory diseases impose a major worldwide health burden affecting
millions of people. Respiratory diseases are not only very common but present a great
challenge to human health and a productive economy. Prevention, control and cure of these
conditions are among the most cost-effective interventions to be taken within a healthcare
system and must be a priority for researchers as well as for health authorities. Today, many
novel technologies can potentially improve the diagnosis and control of numerous diseas- | -
es, and the present challenge is how they can be quickly developed and implemented. This
review summarises the main conclusions of a Barcelona Respiratory Network (BRN) Foun- | -
dation Retreat held last year in Barcelona. The debate was structured around four distinct | -
sections: 1) trends that impact current society; 2) foreseeable changes in the field of respi-
ratory health; 3) challenges for the future of healthcare systems; and, 4) future biomedical

research trends in respiratory medicine. (RN Rev. 2018:46)214-27)
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INTRODUCTION

Worldwide respiratory diseases constitute a
significant global health burden and affect mil-
lions of people. Asthma is the most prevalent
respiratory disease and according to recent
data it affects 358 million people worldwide
and causes 400,000 deaths yearly'. Chronic ob-
structive pulmonary disease (COPD) affected
174 million people worldwide in 2015 and is
now considered the third most common cause
of death worldwide causing 3.2 million deaths
per year, representing an increase of 11.6%
compared with 19902

In addition, approximately 65 million display
different kinds of occupational lung diseases,
and 8.7 million people develop tuberculosis
(TB) annually, whereas the prevalence of sleep
apnoea ranges between 1 and 6% of adult
population depending on the degree of re-
gional economic development3. Finally, there
is a wide variety of less prevalent respiratory
diseases, including interstitial lung diseases,
pulmonary hypertension, and bronchiectasis,
among others, which also have marked im-
pact on health status and prognosis of pa-
tients with these conditions. According to
these figures more than one billion people
worldwide suffer from respiratory diseases
and about four million people die annually
because of these conditions.

Present and future challenges of respiratory
medicine were discussed in 2017 during a
half-day retreat organised by the Barcelona
Respiratory Network (BRN) Foundation, a
non-profit foundation aimed to foster research
in respiratory medicine. Twenty-two repre-
sentatives of academic and industrial insti-
tutions (listed in the Appendix) attended to

openly discuss current and future challenges
faced by respiratory medicine.

The debate was structured into four sections:
1) trends that impact current society; 2) foresee-
able changes in the field of respiratory health;
3) challenges for the future of health-care sys-
tems; and, 4) future biomedical research trends
in respiratory medicine. This review summaris-
es the discussions held there.

TRENDS THAT IMPACT CURRENT
SOCIETY

In recent decades there has been an acceler-
ated change within a range of factors which
directly and indirectly affect living condi-
tions for modern society. These changes have
to do with environmental conditions, the de-
mographic structure of diverse societies, the
way these societies organise the economic
activity, dietary and toxicological habits of
their inhabitants, the impact of modern infor-
mation and communication technology (ICT)
and also a set of values which has been ad-
opted, to a greater or lesser extent, by large
percentages of the population. All these cir-
cumstances, listed in table 1, will consider-
ably modify dynamics of our different societ-
ies on a global level.

There is an accelerated increase in the tem-
perature of the planet derived from massive
utilisation of fossil fuels. This will substan-
tially modify the composition of the planet’s
ecosystems with desertification of exten-
sive tropical zones and the substitution of
numerous plant and animal species in the
temperate and polar zones. Due in part to
this phenomenon and in part to economic
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TaBLE 1. Trends that impact modern society

e Climate change

» Tendency of the population to concentrate in large urban centres

* Environmental deterioration.

e Sedentary lifestyle and poor dietary habits

* Obesity

* Changes in tobacco use

* Ageing population leading to chronic diseases

e Great ease of traveling that favours rapid dissemination of new
infectious agents

e Impact of information and communication technology (ICT)
development: immediate and widespread disclosure of
information (truthful and fraudulent), mobile telephony, big data,
remote monitoring

* Social aspiration to enjoy a better quality of life

» Citizens more active, organised, better informed and willing to
take an active role in healthcare decision-making

e Increasing importance of certain values in society: Responsible
Research & Innovation (RRI)

development, the global population is un-
dergoing a process of accelerated urban con-
centration, which equally affects wealthy
and developing countries, with the creation
of large mega-cities where economic activity
is concentrated (Fig. 1). This generates high
levels of environmental pollution having a
very direct impact on the health of those
inhabitants.

Life habits of individuals in modern society
have also notably been altered. Thanks to
better social conditions, life expectancy has
lengthened considerably. This generates an
ageing population in which an increasing
percentage of inhabitants suffer from one or
several chronic diseases. Furthermore, for the
population as a whole, there is a tendency
towards sedentary lifestyle and poorer di-
etary habits which favoured the development
of obesity, having reached epidemic propor-
tions in advanced societies (Fig. 2). Certain
pervasive habits which have great impact on
health, such as tobacco use, have undergone
important changes according to the type of

Ficure 1. Accelerated urban concentration generates high levels
of environmental pollution which has a very direct impact
on respiratory health.

society analysed: in developed countries one
can generally observe a notable decline in
percentage of smokers, while in emerging
economies (China, India) tobacco use is grow-
ing rapidly, reaching addiction percentages
never seen before. Another characteristic of
modern society is the great ease of traveling
long distances which, among other conse-
quences, facilitates the rapid global diffusion
of new and known pathogens, particularly
those which are airborne.

The development of modern ICTs derived
from digitalisation has given way to radical
changes in social organisation, permitting the
immediate and generalised broadcast at a
global level of any piece of information (be
it truthful or fraudulent), the possibility of
accessing huge amounts of information (big
data), and remote control in real time of a
large variety of processes. On the other hand,
interpersonal connectivity through mobile
devices has reached a worldwide diffusion
which has permeated broad sectors of poor
countries as well.
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Ficure 2. Sedentary lifestyle, smoking, poorer dietary habits
and obesity have a big impact on health.

These developments have a considerable impact
on the way citizens of modern societies live and
behave, the way they approach their health
problems, as well as on the values that sustain
them. In today’s society there is a general aspi-
ration to enjoy a better quality of life, to be bet-
ter informed, to be able to organise collectively
and to participate both individually and collec-
tively in making decisions about aspects of life
that directly affect a person, including those that
have to do with individual health. This includes
an ability to participate in deciding priorities
during development and planning of research
in social and health issues (namely, Responsi-
ble Research & Innovation [RRI]).

FORESEEABLE CHANGES IN THE FIELD
OF RESPIRATORY HEALTH

The changes described above have an impact
on human health as well as on the way in which
health systems and individuals will respond to
health risks. Most of these foreseeable impacts
are listed in table 2. Considering the specific case
of respiratory medicine, all these phenomena

TaBLE 2. Foreseeable changes in the field of respiratory health

* Increase in pathologies related to environmental changes:
allergies, asthma, cancer

e Increase in respiratory pathologies related to obesity

* Increased percentage of population that presents with chronic
respiratory diseases

* Ease of rapid global spread of infectious airborne pathogens
(both new and known)

e Increase in respiratory infections produced by multi
drug-resistant bacteria

result in a higher incidence of pathologies relat-
ed to environmental changes, in particular the
deterioration of air quality. Thus, it is expected
that incidence of pathologies such as allergies,
bronchial asthma or lung cancer will see a rise,
well into the future. The increase in the preva-
lence of obesity is also translating into a higher
incidence of metabolic, cardiovascular, skeletal
and respiratory diseases, especially those relat-
ed to nocturnal breathing and bronchial asth-
ma. In fact, these chronic pathologies present
multiple interconnections which are common-
ly associated in the same patient. Given the
increase in life expectancy and the progres-
sive ageing of the population, the percentage
of individuals suffering from multiple chron-
ic pathologies is increasing, which represents
a formidable challenge for health systems.

The ease of traveling long distances has had a
great impact on the distribution of certain air-
borne infections detrimental to respiratory sys-
tems, which within a few weeks can spread
globally. Recent examples are the severe acute
respiratory syndrome (SARS) or Middle East
respiratory syndrome (MERS), two zoonoses
that after adapting to human hosts rapidly dif-
tused to very distant locations from where they
originally emerged. Another numerically rel-
evant example is the 2009 influenza A (HINI)
epidemic that, according to the Centers for
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Disease Control and Prevention (CDC), caused
284,000 deaths worldwide. This dilemma is
not only confined to new infectious agents
but also to bacterial species against which
effective antibiotics were once available but
that have now developed multiple resistance
and have spread globally as a result of popu-
lation dynamics. A good example of such a
risk would be the case of multi drug-resistant
tuberculosis.

CHALLENGES FOR THE FUTURE
FOR HEALTHCARE SYSTEMS

An ageing population naturally leads to the
problem of chronic multi-morbidities that af-
fect broad sectors of the population and gen-
erate a consequent impact on the healthcare
systems in multiple ways, as summarised in
table 3.

Chronic respiratory diseases are not only very
common, but their prevalence appears to be
increasing?. In contrast with other major con-
ditions, such as cardiac diseases, stroke and
cancer, the mortality rates of which have been
decreasing in the last years, death related to
COPD has doubled in the same period®. These
facts contrast starkly with the lack of aware-
ness of the population and health authorities
on this topic.

The economic burden of the diagnostic and ther-
apeutic management of these chronic pathol-
ogies has jeopardised the economic sustain-
ability of healthcare systems, especially in the
case of public systems with universal cover-
age. To deal with this problem it is absolutely
necessary to rationalise spending if we want to
avoid inequity of access to healthcare services.

TaBLE 3. Future challenges for healthcare systems

* Guaranteeing economic sustainability of the system

* Rationalisation of spending versus inequity

* Change in mentality of citizens: move from the “right to health”
to the “obligation to care for oneself”

 Patient empowerment: increase their participation in deci-
sion-making

* More demanding systems for evaluating cost-efficiency

* Personalised health management

 Rational management of chronicity:
—Early diagnosis and avoiding under-diagnosis
—Improve the coordination of assistive services
— Utilizing integral solutions: product + service + education
—Increase of healthcare activity in the patient’s home
— End-of-life management

* Implementation of “digital health”

» Accelerate the translation/transfer of results from research to care

» Redefinition of the doctor’s role; integration with other health
professionals: paramedics, health agents, statisticians

* Adapt teaching of medicine and other health professions to new
needs

* Global strategies to avoid global pandemics

In order for health costs to be affordable, a
shift in mentality in a population for whom
health has been considered a right will be es-
sential. Citizens should be aware of the enor-
mous economic burden borne by healthcare
administrations and the need to collaborate on
their own wellbeing based on the moral obli-
gation to take care of their health, avoiding as
much as possible those circumstances that un-
dermine it. Under this perspective of respon-
sibility, citizens should increase their partici-
pation in the establishment of priorities and
decision-making by healthcare officials.

Faced with the challenge of sustainability,
healthcare administrations have opted to put
in place more demanding evaluation systems
that allow selecting those solutions with a
higher level of cost-efficiency and to evaluate
in a rational way new alternatives. Another
potentially useful strategy would be to devel-
op a stricter definition of criteria that allow
for a more personalised therapeutic approach
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allowing resources to be allocated in those
cases with the greatest expectation of success.

A large portion of health resources is allocat-
ed to the care of chronic diseases. However,
when analysing the functioning of health sys-
tems in the management of chronic diseases,
it is evident that there is a lack of coordina-
tion among resources: primary care, special-
ised care, hospitalisation, convalescence and
social facilities. In general, the existence of un-
der-diagnosis of chronic diseases is confirmed
so many patients suffer without being diag-
nosed or they are diagnosed when the disease
has significantly evolved and to a large extent
the window of opportunity for an effective
treatment has disappeared.

When analysing the configuration of health-
care resources, it is frequently observed that in
practice, chronic diseases are attended by ser-
vices designed to treat acute conditions. Prog-
ress is needed in the design of services specif-
ically tailored for the care of chronic pathologies
that coordinate all the actors, avoiding dupli-
cations and sharing all information about a
specific case and counting on integral solutions
(product + service + education). On the other
hand, it could be very useful to design services
as an alternative to hospitalisation, through the
increase of care activity at home and possibly
with the help of modern remote monitoring
technologies, an option which should be the
subject of a thorough evaluation. Finally, a re-
definition of the care strategies for the final
period of life is mandatory, where a large part
of the health cost is often concentrated without
a tangible benefit in terms of quality of life.

Recent technological developments derived
from digitalisation are allowing the progressive

implementation of what is known as digital
health that will revolutionise healthcare systems
in a profound way. One example of such poten-
tialities is the International Business Machines
(IBM) Watson Health initiative. All these chang-
es are taking place at a much greater speed than
that allowed by the current medical practice.
Therefore, it will be absolutely necessary to
rethink the way in which knowledge transfer
from research to care occurs. In any case, it is
evident that the mode of action of health per-
sonnel will change completely and that physi-
cians must integrate their activity with advanced
artificial intelligence systems and share their
role with that of other health professionals such
as para-medicals, health agents, software devel-
opers, statisticians, and so on. To enable this, the
way in which the teaching of the health profes-
sions is carried out must be radically modified.

Finally, depending on existing threats, it is
expected that it will be necessary to design a
response strategy organised at a global level
that allows the risk of a mega-pandemic to be
solved in a sustainable manner.

FUTURE BIOMEDICAL RESEARCH
TRENDS IN RESPIRATORY MEDICINE

In the past decades, several large-scale local
and international research studies in respira-
tory diseases led to remarkable life-changing
results in diseases such as asthma, sleep ap-
noea, cystic fibrosis and pulmonary hyperten-
sion, among others. Lung transplantation has
notably improved its rate of success and new
treatments have been developed to treat idio-
pathic pulmonary fibrosis (IPF). Nevertheless,
despite these evident successes, there are many
gaps that need to be effectively addressed.
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For this purpose, there is an evident need to
substantially increase the national and inter-
national, public and private, investments to
support research in respiratory diseases the
number of which is far below an appropriate
percentage when comparing prevalence and
mortality. As an example, despite the high
prevalence of respiratory diseases, only 4.3%
of the health budget of the Seventh Framework
Programme for Research and Technological
Development of the European Union was al-
located to respiratory research®. Respiratory
medical research has been shown to represent
a six-fold return on investment’.

Participants in the meeting thought that bio-
medical research in respiratory medicine should
concentrate on the following areas, listed in
table 4:

1 - P4 Medicine

Traditional medical practice has been historical-
ly “reactive”. This is, physicians act when there
is a medical problem (i.e., a disease) and try to
help the (already so-called) patient to cure or, at
least, improve her/his condition. Due to several
technological advances (including high through-
put “omic” technologies, imaging and bioinfor-
matics, among others), a major change in clini-
cal care is anticipated to occur in the near future;
in fact, it is already occurring in some places. A
popular term to describe this change is “P4
medicine” (others are personalised, individual-
ised or precision medicine)®!%. The acronym P4
medicine stems from the fact that this strate-
gy sought to promote and preserve health be-
fore “the problem” arises and is based on four
different components (or “P’s”): 1) Personalised,
which indicates that the strategy is based on the

TaBLE 4. Future biomedical research trends in respiratory
medicine

. Predictive, Preventive, Personalised and Participatory (4P) Medicine
. Big data & systems biology

. Biomarkers & biological monitoring

. Early origins of lung diseases

. Imaging technologies

. Microbiome

. New therapeutic approaches

. Health information technologies (e-health)

coONOO OB WN =

unique molecular background that each per-
son has; 2) Predictive, because (at least theoreti-
cally) the knowledge of each individual genetic
background may allow the prediction of future
risk(s) of disease(s); 3) Preventive, because (again
in theory) knowing the risks offer opportuni-
ties for prevention; and, finally, 4) Participa-
tive, because the previous three “P’s” require
the consent and active participation of the pa-
tient. The development of P4 medicine offers
(again in theory) great opportunities and may
really be a truly transforming element that
can radically change the way health care sys-
tems operate today. However, it also associat-
ed with great uncertainties, including ethical,
economic, logistic, technological, social, and
equity elements, among others®4.

2 - Big data and systems biology

The so-called Moore law states that overall com-
puting processing power doubles every two
years. This extraordinary evolution has opened
unforeseen opportunities in everyday life (per-
sonal computers, mobile phones, internet, and
many more) and, of course, in medical practice
and research®. For instance, in clinical prac-
tice, all modern imaging techniques (including
echo, computed tomography [CT] and magnetic
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resonance imaging [MRI]) would not be pos-
sible without computers®. In research, big data
analysis and systems biology are two paradig-
matic examples. The former refers to the ca-
pacity to analyse, literally, millions of data
points in any biomedical research field'¢-8.
Computing power is not the problem. The
problem is the quality of the database anal-
ysed, which is often incomplete and non-spe-
cific. The current development of electronic
medical health records will likely improve
this situation and contribute to facilitate the
use of the huge repository of relevant medical
data that is daily generated in clinical practice
around the world". On the other hand, systems
biology (and its medical equivalent, network
medicine) is a novel research strategy that tries
to address the complexity of any biological sys-
tem (including the human body)??. Diseases
rarely occur because a single element of the
system fails (e.g., one gene). On the contrary, all
molecules (deoxyribonucleic acid [DNA], ribo-
nucleic acid [RNA], proteins, lipids), cells and
organs form a very complex and inter-related
system. We need a holistic approach to it, like
the one offered by systems biology and net-
work medicine, to understand it and to mod-

ify it in order to preserve (or eventually regain)
health?0%.

3 - Biomarkers and biological
monitoring

Genomics, proteomics and metabolomics are
new tools with a great potential in the diagno-
sis and control of diverse respiratory diseases
and provide elements to define personalised
therapeutic approaches (Fig. 3). Genomic stud-
ies are currently being used for the diagnosis of
cystic fibrosis, several neuromuscular diseases

Ficure 3. Genomics, proteomics and metabolomics are new tools
with great potential for the diagnosis of respiratory diseases.

and some rare diseases, but there is a huge
potential for determining the individual pre-
disposition to different kinds of malignancies.
Blood microRNAs have been developed for
the diagnosis of cancer, certain infections and
some rare diseases?®?”. On the other hand,
epigenetic techniques will be determinant for
establishing the influence of the environment
on the expression of some gene disturbances.
Finally, telomere length may serve as a sur-
rogate marker for the identification of patients
at greatest risk for carrying mutant telomer-
ase genes. These mutations have been related
to the development of certain respiratory dis-
eases such as idiopathic pulmonary fibrosis
and COPD?. Therefore, telomere shortening
studies may potentially heighten the index of
suspicion of such conditions and facilitate di-
agnosis.

Detection of exhaled volatile compounds may
be very useful in the screening of certain ma-
lignancies and in the follow-up of inflammato-
ry lung diseases®. Proteomic and metabolo-
mic techniques of breath condensate have a
promising role in the diagnosis and control of
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different lung inflammatory diseases®. Finally,
genomic techniques such as deep sequencing
permit a precise characterisation of both known
and novel pathogens to control the emergence
of resistance to prescribed treatments®'.

4 - Early origins of lung diseases

The traditional understanding of human adult
diseases is that they are due to the interaction
of environmental and genetic factors during
adulthood and geriatric years. Recently, a new
vision is emerging that states that early life
events (both before and after birth) can have
a significant impact in adult health later in
life. Baker was the first investigator who indi-
cated this in 1991%2. Since then, a number of
studies have consolidated this view®%. For
instance, a recent study has shown that be-
tween 4-13% of the general population have
sub-optimally developed lungs and that this
is very likely accompanied by an abnormal
development of other organ systems, such as
the cardiovascular or metabolic ones®. This
results in a higher prevalence and presenta-
tion of comorbidities about a decade earlier as
well as in premature death®. All in all, these
observations open new questions for research
but, very importantly, novel opportunities for
the prevention and earlier treatment of chron-
ic diseases in the adults and elderly¥.

5 - Imaging technologies

Imaging technologies already play a funda-
mental role in the management of respiratory
diseases and they are constantly improving.
New imaging techniques have a tremendous
potential in chest medicine. Real-time MRIs

allow pathophysiological assessment in pul-
monary hypertension®. Three-dimensional ul-
tra-sonographic computing has a great potential
in the study of different kinds of respiratory
diseases such as vascular pulmonary abnor-
malities, pulmonary hypertension as well as
in the characterisation of pleural diseases®. An-
other alternative is three-dimensional CT with
great potential in the study of different kinds of
chronic respiratory diseases such as COPD, asth-
ma, interstitial lung diseases and also lung can-
cer’. A different type of approach is metabolic
imaging through improved positron emission
tomography (PET) with potential applications
in thoracic cancer as well as in inflammatory
diseases?!. Finally, there is a great potential in
the use of nanotechnology to target “in vivo”
tumoural or inflammatory cells for imaging
purposes.

Airways imaging has made a significant prog-
ress through the introduction of auto-fluores-
cence bronchoscopy, confocal laser micro-en-
doscope, and optical coherence tomography
(OCT)#>4. Confocal microscopy permits an
“in vivo” assessment of vaso-activity phe-
nomena during hypoxia, ischaemia-reper-
fusion events in inflammatory diseases and
cancer®. Electromagnetic navigation bron-
choscopy (ENB) permits a minimally invasive
approach to access difficult-to-reach areas of
the lung?.

6 - Microbiome

The introduction of culture-independent tech-
niques for the microbiological analysis of re-
spiratory samples has confirmed that the
respiratory system hosts a large number of
microorganisms. Microbiome analyses of the
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bacterial composition of respiratory samples
have been based on the gene encoding 16S
ribosomal RNA (165 rRNA) and have shown
that only 1% of the bacteria part of the respi-
ratory microbiome is recovered from cultures.
Sequencing of the 16S rRNA gene from respi-
ratory samples allows a taxonomic classifica-
tion of each bacterium identified and is used
to describe the composition of a microbial
ecosystem as a whole?. Reference databases
of the 16S rRNA gene allow to classify the
sequences in the sample from the highest to
the lowest taxonomic levels (phylum and ge-
nus, respectively), in most cases reaching also
the species level.

In the healthy subject the microbial flora of
the respiratory tree is phylogenetically di-
verse*®4 with Firmicutes, Bacteroidetes and
Proteobacteria as their most frequent phyla,
and a low frequency of operational taxonom-
ic unit (OTU)s corresponding to potentially
pathogenic microorganisms®’. The micro-
biome harboured by the bronchial tree and
the oropharynx have a close similarity in the
healthy subject, mainly due to aspiration of
oro-pharyngeal secretions during sleep®>2.
The local environment of the bronchial tree
and the lung is able to modify the microbi-
ome after the aspiration of secretions, howev-
er, as shown by the higher relative abundance
of some bacteria part of the Prevotella genus
respiratory samples®.

In most chronic respiratory diseases micro-
biome analyses of sputum samples have
demonstrated an important decline in bacte-
rial diversity, with a change to a restricted
flora which include most of the bacteria com-
monly considered as potentially pathogenic
microorganisms, paralleled by a decline in

the relative abundance of other bacteria. The
presence of a restricted number of genera
attaining high relative abundance in chronic
respiratory diseases is pattern that is consid-
ered as dysbiosis, and potentially related to
harmful effects.

Interaction between different microorgan-
isms can be addressed through microbiome
analyses, and functional meta-genomics, an
approach that describes a genomic poten-
tial of a community, sometimes show clear
changes in specific pathways, although the
bronchial microbiome as a whole may not
have changed significantly®®. These func-
tional changes are potentially important
because through them the resident commu-
nity as a whole shows its power to modify
important metabolic patterns without chang-
ing significantly in its composition.

Although the microbial composition of the
respiratory flora is being known through mi-
crobiome analyses, the involvement of the
respiratory flora in the pathogenesis of respi-
ratory diseases, and especially the role mi-
croorganisms considered non-pathogenic by
culture-based microbiology, is practically un-
known. Bacterial diversity loss, often related
to an increase in the relative abundance of
specific phyla as Proteobacteria, is associated
with advanced disease, and may be one of
the determinants which influences its pro-
gression. Meta-genomics and the analysis of
bacterial RNA will be able to provide func-
tional information on the respiratory micro-
biome, detailing interactions between virus-
es, fungi and bacteria, and, potentially, to
facilitating the design of intervention studies
aimed at conserving the flora that acts as pos-
itive mutualist, as opposed to the respiratory
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pathogens that progressively replace it when
COPD progresses to advanced disease.

7 - New therapeutical approaches

So-called “biological treatments” use substanc-
es obtained totally or in part from living or-
ganisms capable to stimulate or suppress the
ability of the body’s immune system to fight
diseases such as cancer, infection, or certain
inflammatory diseases. Types of biological ther-
apy include immunotherapy (vaccines, cyto-
kines, and antibodies), gene therapy, and some
targeted therapies. Biological therapy often in-
volves the use of substances called biological
response modifiers (BRMs) normally produced
by de body in small amounts in response to
infection and disease. Thanks to modern labo-
ratory techniques BRMs, such as blocking an-
tibodies, antagonists against receptors or in-
flammatory enzyme inhibitors can be produced
in large amounts for use in the treatment of
cancer and diverse inflammatory diseases.

During recent years, biological treatments have
been developed to treat different respiratory
diseases such as asthma, COPD, IPFE, pulmo-
nary hypertension and lung cancer>**” accord-
ing to a “personalised” therapeutical context.
Regenerative medicine is another promising
approach for several severe diffuse pulmonary
diseases, such as IPF o acute respiratory dis-
tress syndrome (ARDS) through basic research
on the cellular and molecular properties of
stem cells®®. Gene therapy is another novel
strategy with great potential in the treatment
of diseases such as cystic fibrosis where the
gene encoding a protein called the cystic fi-
brosis trans-membrane conductance regula-
tor (CFTR) is faulty. The delivery of a correct

copy of the faulty CFTR gene to cells in the
lungs may be an effective treatment. This ap-
proach has already been used in several stud-
ies with limited evidence of benefit™.

Other new strategies such as the clustered
regularly interspaced short palindromic re-
peat (CRISPR) technology, have been used to
rapidly, easily and efficiently modify endog-
enous genes in a wide variety of biomedical-
ly important cell types leading to perform
targeted, highly efficient modifications of ge-
nome sequence and gene expression with great
potential in the development of novel molec-
ular therapeutics for human disease®.

Finally, there are new technologies such as
artificial lungs that have been developed to
treat acute respiratory failure or as a bridge
to lung transplantation in chronic respiratory
failure®’. Worth mentioning are also novel
endoscopic approaches intended to perform
lung volume reduction in severe emphyse-
ma®? or thermoplasty in severe asthma®.

8 - Health information technologies
(e-health)

Health information technologies (HITs) have a
tremendous potential for becoming routine tools
for remote monitoring of patients suffering from
chronic respiratory diseases or assisting them in
self-monitoring and decision-making. This ap-
proach will be of great interest considering the
increasing percentage of population suffering
from chronic illness and the limited public re-
sources to provide care®*. Relatively simple
technologies such as certain web applications
and smartphones have been introduced to mon-
itor respiratory diseases such as asthma or
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COPD at home prompting the use of thera-
peutic measures and better understanding of
the environmental triggers®.

CONCLUSIONS

In recent decades there has been an accelerat-
ed change of multiple factors which directly
or indirectly affect living conditions for mod-
ern society. These changes will have an im-
pact on human health as well as on the way
in which health systems and individuals will
respond to health risks. Considering the spe-
cific case of respiratory medicine all these
phenomena result in a higher incidence of pa-
thologies related to environmental changes,
more precisely the deterioration of air quality.
Chronic respiratory diseases are not only al-
ready very common, but their prevalence ap-
pears to be increasing and related mortality
remains quite high. Respiratory diseases pres-
ent a great challenge to human health and a
productive economy. Prevention, control and
cure of these conditions are among the most
cost-effective interventions to be taken and
must be a priority for researchers as well as
for the health authorities.

Nowadays, the future of respiratory medicine
looks very promising. Thus, many novel tech-
nologies substantially improve imaging and
biological monitoring through the different
“omics” has great potential in the diagnosis
and control of multiple diseases allowing to
personalised therapeutic approaches, which is
far more effective and causes fewer side ef-
fects. In order to facilitate the rapid implemen-
tation of these capabilities there is a pressing
need to substantially increase the national and
international, public and private, investments

to support research in respiratory diseases
which receive well below their value when
considering impact in terms of prevalence and
mortality.
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