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The future cannot be predicted, but futures can be invented.

Dennis Gabor (Nobel Prize in Physics), 1963

Introduction
Like everyone else I am getting older, and I am being asked to talk more and more about the future
(a coincidence?). By definition, these talks are speculative (there is no evidence for the future) and they
reflect, almost exclusively, a personal view, which in turn arises from my own by definition restricted vital
experiences. While preparing one of these talks, I thought that nobody would have been able to predict
what was about to happen (the future) in the nearly 40 years that followed my graduation from medical
school in 1979. Below I list a number of things that have occurred from then until now. To some extent,
this is a sort of experiment where, knowing de facto what has occurred, we ask ourselves if we would ever
have been able to predict these events (i.e. can we predict the future from the past?). I believe that this
exercise illustrates well the difficulties in predicting the future, since the answer to this question is almost
certainly no. The list, not meant to be exclusive or prioritised, includes several very significant advances.

Past advances
Advances in general
Computers
Computers have changed the way we work and understand the world. Among many other things,
computers have allowed the development of internet, e-mail and PubMed; older readers will, no doubt,
remember the many hours spent in the library searching the endless Index Medicus, whereas now
PubMed is a mouse-click away (figure 1)! Likewise, computers allowed the development of electronic
health records; older readers will remember those thick, heavy paper clinical histories of chronic patients
with several concomitant diseases! Electronic health records have many positive aspects no doubt [1];
however, a word of caution is needed if we intend to use them for research (so called “Big Data”) since
many of them may not have the quality required for research purposes [2].

Mobile technologies
Mobile phones, tablets and the like have offered a personal, wearable connection to the internet that all
young residents use to access up-to-date health-related information platforms, as well as other sources,
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when faced with a clinical problem. In fact, basically all of us have a personal computer in our pocket that
is able to make telephone calls besides! This is facilitating tele-health and novel forms of digital research.

Imaging techniques
Imaging techniques, including echography, computed tomography (CT), magnetic resonance imaging and
positron emission tomography, have undergone a sort of big bang that has changed drastically the way
many patients are diagnosed and treated.

Minimally invasive procedures
New procedures including coronary artery stenting, heart-valve replacement using peripheral artery access,
laparoscopic and video-assisted thoracic surgery and natural orifice translumenal endoscopic surgery have
been developed and implemented in clinical practice.

New diseases
New diseases such as HIV, Ebola and Zika have emerged and had a very significant impact on the population.

New aetiologies (and treatments) for old diseases
New aetiologies (and treatments) for old diseases have emerged, such as the use of antibiotics to treat
Helicobacter Pylori in peptic ulcer cases, which has ended a glorious time for many gastric surgeons!

Bringing Mendel’s peas to the clinic
Mendel’s peas (figure 2) used to be a sort of funny historical anecdote in my years at medical school;
however, they now without doubt represent the future (even the present?) for the prediction, understanding
and tailored treatment of many (if not all) human diseases [5]. It is of note that these peas and the
associated Mendelian traits are now much more difficult to understand, since they do not depend only
on one or more specific genes but also on many functional factors that modulate their final clinical impact
(e.g. epigenetics).

Intensive care units
Intensive care units (ICUs) were nonexistent when I graduated (at least in Spain). The first examples were
(again) led by cardiologists (as coronary units) and, sometime later, more general ICUs began to emerge in
hospitals. Monitoring and life-sustaining techniques (ventilators, aortic pumps and other devices) have been
instrumental in saving many lives since.

Guidelines
Guidelines for the most prevalent diseases, based as much as possible in scientific evidence generated via
randomised clinical trials (so-called evidence-based medicine), have become prevalent [6].

Advances in respiratory medicine
Admittedly, some of the advances named above facilitated the emergence of others in a sort of
concatenated chain of events. For instance, advances in computer technologies facilitated new imaging
techniques, which in turn allowed invasive procedures and monitoring techniques. In addition, this is a list
of general medical advances; however, if I look into my own field of medical expertise (respiratory

FIGURE 1 Evolution of medical
information from a) the Index
Medicus to d) PubMed, facilitated
by b) the emergence of computers,
which in turn allowed c) the
development of the internet.

a) b)

d) c)
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diseases) it is apparent that many advances have also occurred in this field since I graduated in 1979 and
most, if not all of them, would have been extremely difficult to predict at that time.

Metered dose inhalers
Metered dose inhalers, later followed by dry powder inhalers, have dramatically changed the way patients
with airway diseases are currently treated, for the most part with great success. Inhaled drugs were, initially,
short-acting bronchodilators (e.g. salbutamol and ipratropium) [7, 8]. Soon after, inhaled steroids were also
introduced and this again changed the asthma landscape dramatically for the better, albeit not completely
[9]. More recently, both long-acting β-agonists and long-acting muscarinic antagonists were introduced and
are now combined in single inhalers. By and large this is to the benefit of patients, although some
controversies still exist [10].

Pulse oximetry
Pulse oximetry has allowed the emergence of a new medical field (sleep medicine) and the definition of a
new disease, obstructive sleep apnoea [11]. This identification was soon followed by a novel treatment,
continuous positive airway pressure [12], which in turn led to the development of noninvasive ventilation,
which is now used successfully for the treatment of several acute conditions (such as exacerbations of
chronic obstructive pulmonary disease and heart failure) as well as several chronic conditions (such as
respiratory failure of skeletal or muscular origin). The latter can be complemented by domiciliary
long-term oxygen therapy when needed.

Fibreoptic bronchoscopy
Nowadays considered a standard, fibreoptic bronchoscopy was a true revolution for the respiratory
community, allowing several diagnostic and therapeutic interventions.

Genetic diseases
Amazing advances have occurred in the understanding of the basic molecular abnormalities and treatment
of diseases such as α1-antitrypsin deficiency and cystic fibrosis, resulting in dramatic improvements in the
life expectancy of patients [13–15].

Interstitial lung diseases
New and promising therapeutic alternatives (e.g. pirfenidone, nintedanib) are now available [16, 17].
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FIGURE 2 The transition from a) Mendel's peas (with the seven traits he studied) to b) the cloning of the human
genome, which started the modern post-genomic era. a) The Mendel’s peas image was reproduced and modified
from [3] with permission b) Reproduced and modified from [4] with permission.
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Lung cancer
Screening using low-dose CT has demonstrated a 20% reduction in mortality in lung cancer cases [18]. In
addition, recent achievements in the treatment of lung cancer, including the use of the epidermal growth
factor receptor (e.g. rociletinib) [19] and the novel check-point inhibitors (e.g. nivolumab) [20], have
improved the survival rate of these patients, albeit that a lot remains to be done in this area.

Pulmonary hypertension
Traditionally considered only in the context of “cor pulmonale” (i.e. pulmonary hypertension due to a
respiratory disease) and/or heart failure, pulmonary hypertension is now recognised more and more as a
primary (i.e. idiopathic) disease or as a disorder associated with other systemic disorders or chronic
pulmonary emboli [21].

As stated above, this does not pretend to be “the list”. I apologise if anyone considers that other important
events should have been included, they are likely to be right. This is only a list out of my mind (after giving
some thought to it though). In any case, did all these advances occur at no cost? Of course not! All of them
required a significant amount of research and investment. Have we forgotten something by having them so
at hand? I believe that the answer is yes. I am particularly concerned that young doctors seem to be
becoming increasingly techno-dependent and may forget (or worse, may never have been trained in) some
very basic aspects of medical care, including a careful and well-integrated medical history and a detailed
physical exam. Only after these first two key steps in medical practice have been undertaken should a
physician integrate this information and think (always a good thing to do) about the differential diagnosis
and the most cost-efficient and safe diagnostic test and/or therapeutic alternatives. Needless to say, excessive
technological dependence may also jeopardise the necessary patient–physician human relationship.

Potential future advances
Considering all of the above, does anyone think that the future, say over the next 40 years, can be predicted
accurately? I propose here that we take advantage of modern technologies and start a conversation within the
European Respiratory Society (via the European Respiratory Journal (ERJ) website?) where people can predict
what will happen. I will open this conversation here. My list below includes some general medical issues but is
mostly focused on our common area of expertise: respiratory health. Again, it does not pretend to be “the list”
and is not prioritised. I believe that the following will occur in the next 40 years and have categorised the
topics as highly likely (we are almost there) and unpredictable (but possible; if not, I should have left this space
blank!). Please join me in this conversation.

Highly likely advances
Precision medicine [22]
Most human diseases are heterogeneous. More and more, their appropriate prevention and treatment will
require a precision diagnosis (e.g. biomarkers) and a precision treatment (e.g. biologics) targeting specific
endotypes (not symptoms at large, as we do now in many cases) [23]. This implies moving from
population-derived risk factors (i.e. randomised clinical trials generating evidence-based medicine) to
individual specific ones (how do we do this?).

New classifications of disease [24, 25]
The current classification of diseases is becoming out-of-date in this post-genomic era because it includes
different disease states under the same diagnostic category. It does not generally consider individual
susceptibility to disease and it cannot be used to individualise modern biological therapies [24, 26]. We
should be (and will be) more interested in understanding the biology underlying different diseases than in
arguing about the most appropriate diagnostic label, as we often do today [22, 25].

The microbiome
We humans live in close contact with a myriad of bacteria, viruses and fungi, not only in the skin or gut (as
we were traditionally taught) but also in other organs, such as the lungs. The lungs were traditionally thought
to be sterile in a healthy subject simply because the traditional microbiological culture techniques were not
able to facilitate the growth of all these species and were, therefore, considered negative. By contrast, the use
of modern molecular techniques has rapidly destroyed this dogma; however, we do not yet know how these
communities of different micro-organisms in the lungs (and elsewhere) interact with the epithelium both in
health and disease, but this is likely to be extremely important. Furthermore, the gut is likely to become a new
immune organ, so we will have to pay more attention to the gut microbiome in our respiratory patients.
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Beyond smoking
Smoking is, no doubt, a major respiratory insult but, more and more, other environmental stressors
(besides infectious agents) such as air pollution and microparticles will be considered more carefully in the
pathobiology of several respiratory diseases.

Early life events
Today, an infant with respiratory problems (e.g. wheezing) is very likely to be diagnosed with asthma, yet
it is highly likely that due to a variety of genetic and environmental factors the lungs might not develop
properly in some individuals. These developmental problems may, at first, lead to a misdiagnosis of
asthma in infancy but also to chronic airway diseases in late adulthood [27–30]. Understanding the
biological basis of these disorders of lung maturation and identifying these individuals early in life will be
important in order to treat them and to prevent later comorbidities.

Earlier lung cancer diagnosis
By refining the population to screen and/or by combining it with circulating (i.e. liquid biopsies), urinary
and/or exhaled biomarkers earlier diagnosis will become possible (so lung cancer can be cured!) [31].

Interventional pulmonology
Pulmonologists will follow the lead of the cardiologists and will become more interventional, although I
admit that this is probably more a wish than a prediction!

Space travel
Space travel will require respiratory support and new research.

Social debate on the ethics and sustainability of prolonging life
Is there any limit? Can we sustain any goal? In relation to this, it is likely that healthcare systems will undergo
profound organisational changes and that several roles will change (specialised nurses, technologists, etc.).

Smaller (atomic) or integrative (network) medicine
For the past 400 years, medical research has chosen to go smaller (from the whole body, to organs, to cells,
to molecules). What is to be the next step, going even smaller (atomic medicine)? I believe that the next step
is to be more integrative. Biology is about networks of genes, proteins, lipids, cells, organs and environmental
factors, as illustrated in figure 3 [32]. When we were going smaller we used to focus on a progressively
smaller number of cells or molecules and, by doing so, we lost track of the general picture (we “couldn’t see
the wood for the trees!”). More and more, we are trying to integrate available information (e.g. network
analysis [33]) and to develop mathematical models of disease (i.e. systems biology [34]) to better understand
disease pathogenesis and, by doing so, identify novel therapeutic targets that act in specific areas of the
network [35]. This will eventually allow the in silico design of new drugs (synthetic biology [36]).

Global health
Most of the predictions above refer to the so-called first (or developed) world. Yet, it represents only a
minority of the world, where developing countries (or the third world) represent the vast majority. The
relationship between both worlds is bidirectional and will become more so. Medicine will probably evolve
in developing countries by adopting many of the advances that developed countries already enjoy.
However, the third world may also influence the first via a number of mechanisms that include massive
immigration and imported old (e.g. tuberculosis) and new (viral?) diseases. Needless to say, global
warming may also have significant effects on human health, both in the first and third worlds.

Unpredictable advances
Prevent and cure all human disease
This is the Holy Grail and the ultimate goal of medicine. To this end, many people in healthcare systems, the
drug industry and other health-related companies, as well as in Government, invest a lot of time, effort,
creativity and money to improve the treatment of disease. Perhaps, we should change this strategy slightly
and try to prevent the occurrence of disease or, at least, diagnose them as early as possible in order to
maximise the chances of a complete cure (by the use of wearable, personal biomonitoring devices?). Imagine
if, one way or another, in the long-distant future we achieve this goal. If so, it is predicted that humans may
live for 150–200 years on average. Would that society be sustainable? If, as most of you might be thinking,
the answer is no, why do we keep pursuing this goal? Perhaps some social debate is needed here.
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Organ regeneration
The field of stem cell research is extremely active today; however, to date, it has not really delivered
clinically applicable therapeutics. I hope that it will do so in the future.

Artificial (bioengineered) organs
As for organ regeneration, the development of bioengineered organs is conceivable; however, it is not clear
when this will be a reality, if it eventually is.

Cell and gene therapy
Both cell and gene therapy have already been around for some time but without too much success so far.

Use of nanoparticles for diagnostic and therapeutic purposes
This is a very active research field; however, real practical applications are, to my knowledge, still outside
daily practice. The potential of this area is huge, particularly if combined with new noninvasive imaging
techniques.

Summary
This is my wish list which, almost certainly, time will prove wrong. Please help me to improve it by
participating in the ERJ conversation, which will be open for 3 months. After that time, I will analyse the
information and get back to you. If successful (this is up to you, but thanks for participating anyway),
such information will be extremely helpful, at least for my next talk on the future!
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