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Airway diseases were initially described by nonspecific patterns of symptoms, for example “dry and Challenging the paradigm:

wheezy” and “wet and crackly”. The model airway disease is cystic fibrosis, which has progressed moving from umbrella labels
from nonspecific reactive treatments such as antibiotics for airway infection to molecular sub- to treatable traits in airway
endotype, proactive therapies with an unequivocal evidence base, early diagnosis, and biomarkers disease. Breathe 2021;17:
of treatment efficacy. Unfortunately, other airway diseases lag behind, not least because nonspecific 210053.
umbrella labels such as “asthma” are considered to be diagnoses not mere descriptions.
Pending the delineation of molecular sub-endotypes in other airway disease the concept of
treatable traits, and consideration of airway disease in a wider context is preferable. A treatable
traitis a characteristic amenable to therapy, with measurable benefits of treatment. This approach
determines what pathology is actually present and treatable, rather than using umbrella labels.
We determine if airway inflammation is present, and whether there is airway eosinophilia which
will likely respond to inhaled corticosteroids; whether there is variable airflow obstruction due to
bronchoconstriction which will respond to 3,-agonists; and whether there is unsuspected underlying
airway infection which should be treated with antibiotics unless there is an underlying endotype
which can be addressed, as for example an immunodeficiency. The context of airway disease should
also be extrapulmonary comorbidities, social and environmental factors, and a developmental
perspective, particularly this last aspect if preventive strategies are being contemplated. This approach
allows targeted treatment for maximal patient benefit, as well as preventing the discarding of
therapies which are useful for appropriate subgroups of patients. Failure to appreciate this almost
led to the discarding of valuable treatments such as prednisolone.

Educational aims

e Touse cystic fibrosis as a paradigm to show the benefits of the journey from nonspecific
umbrella terms to specific endotypes and sub-endotypes, as a road map for other airway
diseases to follow.

e Demonstrate that nonspecific labels to describe airway disease can and should be
abandoned in favour of treatable traits to ensure diagnostic and therapeutic precision.

e Begin to learn to see airway disease in the context of extrapulmonary comorbidities, and
social and environmental factors, as well as with a developmental perspective.
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- Moving from umbrella labels to treatable traits in airway disease

Introduction
In “An Essay on Criticism”, Alexander Pope wrote that:

“Alittle learning is a dangerous thing;

Drink deep, or taste not the Pierian Spring:
There shallow draughts intoxicate the brain,
And drinking largely sobers us again.”

(Thefirst line is probably misquoted more often than
any other piece of poetry, as “A little knowledge”,
which is quite another matter.) Airway disease
has been in an era of intoxication and is perhaps
emerging, but, as we will show, we have still got a
lot of drinking to do before we see soberly.

A century ago, airway disease could crudely be
divided into two: dry and wheezy, termed “asthma”,
and wet and crackly, the latter characterised by
purulent secretions and chronic infection, often
with digital clubbing, bronchiectasis, progressive
respiratory failure, right heart failure (“cor
pulmonale”) and early death. This review charts
the journey from these crude umbrella terms to
where we are at in the 21st century; how in some
airway diseases we are still at the little learning
stage, whereas in others we have progressed to
deep sober knowledge.

Lord Macauley, in the “Lays of Ancient Rome”,
describing Horatius holding the bridge, wrote:

“But hark! The cry is Astur:
And lo! The ranks divide;

And the great Lord of Luna
Comes with his stately stride”

Currently, when the ranks divide, it is personalised
medicine that comes with stately stride: no talk
or review is complete without it. But just as
the Lord of Luna perished miserably, so should
personalised medicine; the big modern quantum
leap is beyond personalised medicine, rather
moving from reactive to proactive medicine [1].
Part of this entails recognising that a description
is not a diagnosis.

The “wet and crackly”
umbrella: how have
we progressed?

An exemplar journey out of the
umbrella to proactive, molecular,
sub-endotype based,
individualised therapy: cystic
fibrosis

It is enlightening to consider how we have
progressed with cystic fibrosis (CF). The first
step was a pathological observation by Dorothy
Andersen, in the 1930s, that some children dying
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of “wet airway disease”, for want of a better term,
had mucoviscidosis of the pancreas, and she used
this term to describe the new disease [2]. We now
know that ~15% CF patients have normal pancreatic
function, but this does not detract from the value
of her seminal observation. Diagnosis remained
on autopsy until the 1950s, when an astute
physician, Paul di Sant’Agnese, noted a large
number of patients were admitted to hospital with
heat exhaustion during a heat wave, and deduced
this was due to loss of electrolytes in the sweat
[3]. This led to the development of the sweat test.
Again, we know now that some patients with CF
have normal sweat electrolytes, but this was still a
further significant step along the journey. Treatment
improved but was reactive (treat infections with
antibiotics, use physical methods to clear secretions)
and largely one size fits all, and remained so until
1989 when the CF gene was localised to 7q31.2
[4-6] and was subsequently found to encode a
protein, cystic fibrosis transmembrane conductance
regulator (CFTR). CFTR has multiple functions,
including chloride and bicarbonate transport, and
modulation of the epithelial sodium transporter
ENaC[7]. New functions are still being discovered,
and more than 2000 CFTR mutations have been
described [8].

The pathological significance of many of these
mutations is still being worked out, but in the
meantime, known disease-causing mutations have
been placed into one of seven categories (table 1) [9].
Even this classification is imperfect; the commonest
mutation, DF508, is conventionally a class Il
mutation, but is also unstable at the cell surface,
hence also has class VI properties. Nonetheless,
this classification has proved enormously valuable
in deploying new therapies. The US CF Foundation
financed a robotic high-throughput system to
screen thousands of compounds rapidly, and the
first discovery was VX-770 (ivacaftor, Kalydeco),
which was initially shown to increase the efficiency
of chloride transport in class Il mutations (G551D
being the exemplar). The results were dramatic:
sweat chloride halved, weight was gained,
spirometry rose in absolute terms by ~15%, and
quality of life improved [10]. Subsequently, VX-770
was shown to be effective in those gene classes
where abnormal CFTR reached the cell surface, for
example the class IV mutation R117H[11]. Crucially,
itis entirely useless if there is no significant quantity
of CFTR at the cell surface (classes I, Il and VII),
so if it had been given to all CF patients it would
probably have been discarded as ineffective. The
next step was to develop compounds that could
rescue the misfolded protein, resulting from class
Il mutations, allowing it to reach the cell surface,
and then deploying VX-770 to improve efficiency
of action. These endeavours culminated in triple
therapy [12, 13], Trikafta, for DF508, homo- and
heterozygotes, which had the same dramatic effects
as VX-770 in G551D. A key step has been doing
large, definitive randomised controlled trials, for
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Table 1 The different molecular sub-phenotypes of cystic fibrosis

Mutation class Defect Exemplar mutations Corrective therapy

| Premature stop codon leading to
a truncated transcript which is

G542X, W1282X None available, compounds which override

premature termination codons being explored

destroyed Candidate for gene therapy

] Abnormal protein is synthesised DF508 Corrector-potentiator combinations, e.g.
but destroyed, not trafficked to cell Trikafta
membrane

1] Impaired anion conductance function G551D The potentiator ivacaftor

v Decreased channel opening time R117H The potentiator ivacaftor

Vv Less CFTR protein reaches the cell 3849+10 kb C>T Splicing correctors when available, possibly
surface ivacaftor

Vi Protein is abnormally unstable at the c.120del23 Promote stability when medications available
cell surface

Vil No mRNA produced 1717-1G->A No therapies available

Candidate for gene therapy

Note that mutations may fall into more than one subcategory. For example, DF508, a class Il mutation, is also unstable at the cell

surface (class VI).

which the CF community already had a great track
record, to robustly demonstrate efficacy. No-one is
interested in a meta-analysis or systematic review
of these trials because the originals are definitive.
In parallel, another key component of progress was
the early and objective diagnosis of CF (newborn
screening), so new medications will in the future
prevent lung damage rather than merely ameliorate
established disease.

But with success came fresh problems, which
again are being overcome:

e How can regulators be convinced that these
medications are useful in those with very mild
disease and normal spirometry?

e How can regulators be convinced that these
medications are effective in very young children
who cannot cooperate with physiological
testing?

e How can we show efficacy in patients with
very rare mutations, or those of dubious
significance?

e Asother companies bring variants of these new
molecules into the market, how will we work
out which molecule is best for which patient?

One answer has been the development of
physiological end-points, which are much more
sensitive than spirometry. For example, multiple
breath washout (MBW), which requires only passive
cooperation and thus can be used in young children
[14, 15]. This technique is abnormal in many with
normal spirometry. MBW has been accepted as a
valid trial end-point [16]. For young infants, all that
has been required is evidence of safety and efficacy
as shown by a big reduction in sweat chloride, with
no requirement for improvement in respiratory

physiological end-points [17]. This approach can
also be used for rare mutations, a group in whom
large randomised controlled trials are unfeasible.

Finally, and most excitingly, in vitro systems have
been devised so the effects of medications on ion
transport can be assessed on an individual patient
basis. This can be done using cells harvested by
nasal brushing [18], or more usually in Europe,
with organoids [19]. Organoids are generated
from tissue obtained by suction rectal biopsy,
for which no anaesthesia is required. In vitro the
tissue forms spheroids, with the rectal luminal side
internal. Stimulation of CFTR in an organoid from
a normal subject leads to it swelling; this response
is absent in CF, and can be restored by appropriate
biologicals. The response in organoids correlates
with individual in vivo response to the medication
[19], potentially giving a system in which multiple
medications can be quickly tested to make the
best choice for the individual. It can also be used
to determine if rare gene variants of uncertain
significance will respond.

So, in summary, in 80 years CF has gone from
being lost in a mass of chesty children to a disease
with molecular, sub-endotype proactive specific
therapies, which can be chosen on an individual
basis from an in vitro test. This progress has been
combined with early diagnosis through newborn
screening, which means the near future will not be
chronically sick children, but well children whose
disease manifestations have largely been abrogated
by starting individualised medication soon after
birth. It should be noted that almost every step on
the journey was subsequently shown to be imperfect
in some way, but this did not halt progress. The
CF journey (box 1) should be aspirational and
inspirational for all other airway diseases, albeit

Breathe | 2027 | Volume 17 | No 3 n




- Moving from umbrella labels to treatable traits in airway disease

Box 1 The road to progress in airway disease, based on the CF paradigm. It is
depressing to contemplate how little progress has been made in the asthmas.

Understand the fundamental science.

Use this knowledge to develop designer molecules, to move from
reactive to proactive medicine.

Find biomarkers predicting and monitoring therapeutic/drug efficacy.
Carry out the definitive randomised trials in all age groups.

Ensure early and specific diagnosis with objective tests.

more testing in polygenic conditions with a major
contribution from environmental factors.

Other wet, crackly diseases

The number of cases of “idiopathic” bronchiectasis
is shrinking as different disease entities are
being teased out. None has come as far as CF,
which has the advantage of being a monogenic
disease (albeit a complex one). Other exemplars
are primary ciliary dyskinesia (PCD), and the
systemic immunodeficiencies. Knowledge of
ciliary biophysics and PCD genetics is increasing
exponentially, and it is surely only a matter of time
before gene specific treatments are deployed,
for example for disease caused by premature
termination codons. Specific treatments are
being discovered for genetic sub-endotypes of
immunodeficiency, such as anti-interleukin (IL)-6
strategies (tocilizumab and sarilumab), and the
JAK inhibitors ruxolitinib, baricitinib, tofacitinib
and upadacitinib for GATA-2 mutations [20].
Less specific approaches such as stem cell or
bone marrow transplantation may be curative.
The overall direction of travel is to pull specific
entities with specific treatments out from under
the “wet, crackly” umbrella, and further exciting
developments are to be anticipated. In summary,
a description (bronchiectasis, which is a wet cough,
sputum, infection and inflammation) is not a
diagnosis or a basis for starting a highly specific
therapy. What is needed is clear recognition of the
mechanism of the associated clinical problem, the
identification of clinically accessible biomarkers,
and targeted treatment.

The “dry, wheezy umbrella™:
where are we now?

The story of the “asthmas”

Wheeze and chest tightness, and the use of the
term “asthma”, were first described in antiquity
[21]. Although the existence of separate
“asthmas” was long suspected based on clinical
characteristics (for example, wheeze for a few
days in a schoolchild in the allergy season versus
late middle aged persistent symptoms [22]), real

n Breathe | 2027 | Volume 17 | No 3

progress was only made in the late 1950s by the
late, very great Harry Morrow-Brown, an adult
chest physician in Derby, UK. He was astonished
by the conclusion of a Medical Research Council
trial that prednisone was not helpful in asthma.
He used his medical school microscope to look at
sputum and demonstrated that prednisone was
only useful in patients with eosinophilic sputum,
not neutrophilic [23]. The same was true for inhaled
beclomethasone (BDP). Thus, this early experiment
in personalised medicine salvaged two of the
most effective treatments for any known disease.
Unfortunately, in the rush to prescribe BDP, which
was transformative for many, the lesson of the need
to match the right treatment to the right patient
was lost. Subsequently, mepolizumab was studied
in poorly selected asthma patients and was also
nearly discarded [24], until a series of trials in
asthmatic patients with sputum eosinophilia and
recurrent acute attacks demonstrated unequivocal
benefit [25-27].

The term “asthma” proved to be a somewhat
two-edged sword. There was unequivocal benefit
in the use of the label when it prevented children
with inhaled corticosteroid (ICS)-responsive
airway disease being fobbed off with unnecessary
antibiotics, and meant that acute attacks of
breathlessness were managed efficiently with
prednisone and bronchodilators [28]. However,
confusion arose from definitions conflating
clinical symptoms, abnormal spirometry findings
and assumed pathological descriptions, and
meaningless questions such as “at what age can
asthma be diagnosed?” [29] abounded, without
thought as to what “asthma” actually meant.

The Lancet Asthma Commission [30] has sought
to clarify this, by insisting that asthma is a clinical
syndrome, comprising wheeze, breathlessness,
chest tightness and sometimes excessive cough.
Just as the patient given the nonspecific label of
“arthritis” would instantly respond “what sort
of arthritis?”, so the diagnosis of asthma should
prompt the question “what sort of asthma are we
talking about?”. In order to answer this question
the airway needs to be deconstructed into its
components, with a specific focus on what is
treatable, and subsequently, what treatment
success will look like. For airway disease, these
components are as follows.

e Fixed airflow obstruction: this trait is not
treatable, but awareness that it is present will
prevent over-treatment, trying to reverse the
irreversible. Its identification might also focus
attention on strategies that reduce the future
rate of decline in airflow obstruction.

e Variable airflow obstruction: there are many
causes, including airway smooth muscle
constriction, mucus plugging and airway
malacia and instability, but if the child or adult
with asthma has the treatable trait of B,-
agonist-responsive bronchoconstriction, then




short-acting (SABA) and possibly long-acting
(LABA) B,-agonists should be prescribed.

e Airway inflammation: this may be beneficial
(as a normal airway defence against infection)
or adverse; and if present may be neutrophilic,
eosinophilic or mixed. If, and only if, the child
or adult with asthma has the treatable trait of
eosinophilic airway inflammation, then ICS are
indicated. Wheeze of itself is not a reason to
prescribe ICS nor can tests of variable airflow
obstruction reliably identify this process.

e Airway infection: may be obvious, as in
CF (discussed earlier), or more difficult to
diagnose. If the treatable trait of bacterial
airway infection is present, then antibiotics,
and where appropriate mucolytics and airway
clearance techniques, should be prescribed.
Investigation forimmunodeficiency and other
causes, such as aspiration syndromes may be
appropriate.

e Mucus hypersecretion without bacterial
infection being present may be another treatable
trait, managed by airway clearance techniques
augmented with exercise.

The treatable trait approach extends beyond
the airway; the airways should not be considered
in isolation, but as part of extrapulmonary
comorbidities, social and environmental factors
[31], and a developmental perspective [32]. The
main focus of this review is on the airway, but
social factors such as adherence and environmental
factors such as active and passive smoking are also
important [33, 34].

There are numerous causes of airflow
obstruction (table 2) and the treatable trait
approach allows holistic and individualised care.
No-one would suggest that the treatment of CF and
obliterative bronchiolitis should be the same, even
though both exhibit fixed airflow obstruction. The
approach also cuts through frequently asked, but
wholly meaningless questions, such as “at what
age can you diagnose asthma?” or “are patients
born preterm more likely to get asthma?”. In adults
we have “is this asthma or COPD?”, a question
that roughly translates as “should we offer poorly
targeted empirical treatment for one largely arbitrary
condition or another?”. The important questions,
irrespective of age or attendant comorbidities,
are: “Does this patent have eosinophilic airway
inflammation which is thus likely to respond to
ICS?”; and “Are there other treatable traits making an
important contribution to the patient’s problems?”.

The same approach works in chronic suppurative
lung disease; if a patient with CF or bronchiectasis has
airway eosinophilia in addition to chronic infection
and neutrophilic inflammation, then treatment
with ICS or even mepolizumab is appropriate [35].
Unfortunately, ICS are often used without regard to
the airway phenotype [36], often because wheeze is
equated with asthma which is equated with “need
for ICS prescription”. Over-prescription of ICS arises
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because: 1) the noises parents describe as wheeze
may, in fact, not be the classic polyphonic expiratory
noises, but something quite different and often
nonspecific [37-39]; and 2) true wheeze is not the
same as bronchospasm, and may be caused, for
example, by intraluminal mucus.

How should this work: preschool
wheeze?

Traditionally the preschool years have been a black
hole in terms of any testing, because the children
are too old to sedate and too young to cooperate.
Initially preschool children were classified based
on symptoms as episodic viral wheeze or multiple
trigger wheeze, with the former being treated
intermittently as needed and the latter with
continuous therapy if symptom severity merits it
[40]. One problem with this classification is that it
relies on parental perception of symptoms. Next
the suggestion was made that severity of attacks,
not pattern of symptoms, should drive regular
treatment [41]. This too is illogical, because if
attacks respond then all should be treated and if
not, severity is not a reason for fruitless treatment.
Atopy was also proposed as a useful biomarker [42],
but it has become very clear that there is only the
loosest relationship between symptom patterns,
and the presence or otherwise of either or both
of atopy and eosinophilic airway inflammation
[43]. The first attempt to personalise treatment
was the INFANT study [44], which recruited 300
preschoolers aged 1-5 years and in a cross-over
design, evaluated their response to regular ICS,
as needed ICS and montelukast, also measuring
allergic sensitisation and peripheral blood
eosinophil count. In a pre-specified analysis,
those who were sensitised showed a differential
response to ICS. Post hoc, a combination of allergic
sensitisation and blood eosinophils >300 cells per
pL predicted ICS responsiveness. If the INFANT
study is confirmed prospectively, two simple tests
can be used to personalise therapy in this hitherto
challenging age group. In support of this, in a small
study of preschool children with severe wheeze, we
showed that there was good agreement between
bronchoalveolar lavage (BAL) and peripheral blood
eosinophil count [45].

However, although the INFANT study was a big step
forward, much is still lacking. Even in the sensitised,
eosinophilic group, although outcomes are greatly
improved, they still are imperfect. We do not know the
molecular endotypes, would anti-T-helper cell (Th)2
strategies, such as omalizumab and mepolizumab, be
beneficial? Or another biological such as anti-IL-33?
Of even more concern, we do not understand the
molecular pathways initiating the development
of wheeze. Initially the argument was that ICS are
excellent treatment of eosinophilic asthma, so
starting treatment early, in the pre-eosinophilic phase,
would prevent asthma developing. Three excellent
randomised controlled trials of early ICS torpedoed
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this notion [46-48], and when science caught up [49,
50], it was clear that eosinophilic inflammation was
a late comer, and symptoms started in the absence
of inflammation. So it was no surprise that early
ICS did not prevent the development of wheeze, or
modulate disease progression. That something can be
done is clear; the genetically almost identical Amish
and Hutterites, who respectively use traditional
and modern farming methods, have very different
asthma and atopy outcomes, with outcomes being
much better in the Amish [51]. This may be related to
environmental lipopolysaccharide exposure. There are
tantalising hints of the importance of bacteria; early
nasopharyngeal bacterial colonisation is associated
with increased wheeze and worse respiratory
outcomes in childhood [52], and bacterial oral
immunotherapy may also reduce wheeze attacks
[53]. We have yet to reach even the first step in box 1.

How should this work: school-age
airway disease?

The standard assumption is that school-age asthma
is easily diagnosed, a disease related to atopy, is
characterised by airway eosinophilia and responds
to low-dose ICS, and for many children with
mild-to-moderate disease this is true. Over- and
under-diagnosis is frequent in children and adults
largely because of the unwillingness to deploy
simple objective tests such as measurements of
physiology (peak flow, spirometry) and eosinophilic
inflammation (sputum eosinophil count, exhaled
nitric oxide (Fgyo)) [54-56]. However, in those
with a clearly established diagnosis who have
been rendered symptom and attack free by low
doses of safe, simple medications, the priority for
endotyping is probably low, although understanding
the differences between this type of asthma
and severe asthma (discussed later) may be
illuminating. However, some children and adults
have a pauci-inflammatory picture, and do not
respond to ICS [57]. We have no understanding of
the pathophysiology of this condition, nor how to
treat it, and in the case of many treating asthma,
no realisation that the condition even exists. Long-
acting muscarinic agents (LAMA) and macrolides
may be indicated [58, 59], but this is another area
where there is a shameful lack of paediatric data. In
our hands at least, and by contrast with adult studies
[60], neutrophilic intra-epithelial inflammation is
associated with better not worse outcomes [61].
What is clear in the school-age asthmas is that if
the child is not responding to low-dose medications,
the answer is not to escalate treatment, at least
in the first instance, but instead to carry out a
detailed, protocolised evaluation [62]. There is no
evidence that ICS doses above 200 pg-day' bring
any additional benefit to most children [63].

With appalling complacency, we have settled for
palliative care, as stressed in the Lancet commission
[30], even in the eosinophilic asthmas. We are
content to paper over the cracks with ICS, without
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even considering the possibility of trying to switch
off the underlying disease progress. By analogy,
we have thrown a life belt to a drowning man, but
shown no interest in pulling him out of the water!
The real reason, therefore, for needing much more
molecular information about “well-controlled”
asthma is to stop the disease in its tracks,
and reverse the adverse long-term respiratory
outcomes, in particular COPD [64, 65]. Part of this
is understanding fixed airflow obstruction, which is
present in many children with asthma from an early
age [66], and tracks into late middle age, and for
which we have no therapies. That something may be
able to be done is hinted at by the catch-up growth
seen in those with delayed puberty [67]. No-one
would suggest this is a good strategy therapeutically,
but it does serve as a corrective against therapeutic
nihilism. Even more importantly, persistent
airflow limitation is associated with increased and
premature all-cause morbidity and mortality [68].
It is likely that systemic and respiratory outcomes
have the same underlying cause rather than being
causally related, but could probing the endotypes of
airflow obstruction lead to pathways to improving
more than just respiratory outcomes? Finally, there
is a strong trans-generational relationship between
parental and offspring spirometry [68], and we do
not know the basis for this or how to break this
cycle. In summary, we need to be shaken out of
our complacency about fixed airflow obstruction
in childhood, irrespective of whether the child has
“asthma” or whether any “asthma” is controlled
by ICS.

How should this work: adult
airway disease?

In adults there are complex dimensions to the
“asthmas”. First, environmental and treatment
related factors and patient growth modify the
relationships between triggers, pathology and
disease expression. There is also an important
developmental perspective. A minority of adults
with severe asthma have an apparently adult-
onset non-allergic phenotype, typically associated
with nasal polyposis, blood eosinophilia, marked
eosinophilic airway inflammation and a great
response to biologics targeting type-2 cytokines.
However, prevention of this phenotype may need
to start very early on. The Tucson group showed
that those with asthma of apparently adult onset
in fact had evidence of airway disease at age
6 years [69], and even occupational asthma [70],
which par excellence would seem to be a purely
adult disease, is more common in those with early
life adverse socioeconomic and environmental
factors. Hence a key airway disease message,
highlighted by the Lancet commission [30], is
the need for us to leave our “paediatric” and
“adult” silos and interact so a true developmental
perspective can be taken.




COPD and the conceptually bizarre [71, 72]
Asthma-COPD Overlap Syndrome (ACOS) are
both diagnosed in adult life, although again, the
roots are antenatal and in the preschool years.
Both are characterised by persistent airflow
obstruction. Again, the pertinent question
is: “Does this adult have eosinophilic airway
inflammation and is thus likely to respond to
ICS?”, and this is much more important than labels.
The concept of ACOS has been strongly criticised,
and adult studies have shown that “COPD” with
peripheral blood eosinophilia responds to what
are more conventionally considered asthma
medications, such as corticosteroids or anti-type-2
inflammation biologicals such as mepolizumab
[73, 74].

How should this work: severe
asthma?

In adult severe asthma this approach has been
the catalyst for a period of rapid progress [75].
The recognition that eosinophilic type-2 airway
inflammation is an important and readily
recognisable treatable trait in severe asthma
associated particularly with asthma attacks has been
key. There are now five biological agents targeting
this mechanism available for use in the clinic [76]
and we are achieving results that we could hardly
have dreamed of 10 years ago. The use of regular
oral corticosteroids, the most common therapeutic
intervention offered by UK severe asthma centres
in 2010 [77], has been confined to the therapeutic
dustbin, and the burdensome adverse effects
associated with this treatment are becoming a dim
distant memory. A particular feature of treatment
with biologics is that simple, clinically accessible
biomarkers (blood eosinophils and F¢y) are highly
predictive of the impact of treatment, meaning that
we are able to offer these treatments in a targeted
way, with failure rates that are a half of those seen
with non-targeted biologics in other conditions such
as rheumatoid arthritis. Our ability to demonstrate
that high-cost biologics are used efficiently has
made it much easier to build robust economic cases
for approval from regulatory authorities such as the
UK National Institute for Health and Care Excellence
(NICE). Stratification based on mechanisms has also
highlighted much more clearly what the unmet
need is and treatable traits driving non-type-2
mechanisms are beginning to be discovered [78,
79]. However, it remains the case that greater
understanding of endotypes is needed in order to
move treatment on from suppression to cure; and
that we are devoid of any effective treatments for
non-type 2 severe asthma. The majority of patients
in adult severe asthma clinics would not have
been eligible to be recruited into the randomised
controlled trials of type 2 biologics [80].

Clarity of endotypes is urgently needed in
paediatric severe asthma. Three major studies
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have demonstrated the heterogeneity of the
condition [81-83]. The SARP network [81] recruited
53 asthmatic children (of whom 31 had severe
asthma), and 30 adult controls (it is obviously very
difficult ethically to obtain paediatric control data).
Univariate analysis was unhelpful in differentiating
moderate from severe asthma, so they used linear
discriminant analysis. Analysing BAL IL-6 and
IL-13 differentiated asthma from controls; CXCL1
(GRO), RANTES (CCL5), IL-12, interferon (IFN)-yand
IL-10 were the five cytokines which differentiated
severe from moderate asthma and controls.
Alveolar macrophage lysate analysis showed IL-6
was the best discriminant. The authors concluded
that severe asthma was neither Th1 nor Th2
predominant.

The Brompton paediatric study [82] recruited
104 children with putative severe, therapy resistant
asthma (STRA), of whom 571 were not studied
further because they were found not to be therapy
resistant. There were 16 controls, largely with upper
airway disease or undergoing a general anaesthetic
for another purpose. These 69 children, mean age
11.8 years, underwent fibreoptic bronchoscopy,
BAL and endobronchial biopsy. Those children
with STRA had significantly increased BAL fluid and
endobronchial biopsy eosinophil counts compared
with controls. The STRA children exhibited marked
between-patient variability in eosinophilia. Despite
the marked eosinophilia in many patients, there was
a paucity of evidence of type 2 cytokine expression.
There was no increase in BAL fluid IL-4, IL-5, or IL-13
levels in patients with STRA compared with controls,
and only rarely were these cytokines detected in
induced sputum. Immunohistochemistry showed
that biopsy IL-5 and IL-13 positive cell counts were
similar in STRA patients and controls. Hence the
evidence of type 2 inflammation in these children
was very weak.

The third study was even more challenging
[83]. 52 STRA children provided 68 BAL samples,
there were no mild/moderate asthmatic or
normal controls. The first important finding was
that infection with either or both of viruses and
bacteria were common; yet antibiotic therapy
rarely impinges on our current therapeutic
mindset. From a cross-sectional study
confounded by the fact that treatment could not
be stopped for obvious reasons, it is not possible
to determine whether these pathogens were
related to the asthma phenotype or secondary
to topical mucosal immunosuppression by high-
dose ICS. BAL was enriched by CCR5 positive
Th1 cells. They also detected pro-inflammatory
(GM-CSF, IL-1B, IL-6, IL-33, MIP3q, tumour
necrosis factor (TNF)-o), Th1 (IFN-y, IL-12p70,
IL-27, IL-28A), Th2 (IL-4, IL-5, IL-9, IL-13, IL-31)
and Th17 (IL-17A, IL-17F, IL-23) cytokines in
BAL. Th2 skewing correlated with total serum
IgE, and those who were poly-sensitised had
increased IL-5, IL-33 and IL-28A/IFNA2. It was
clear that not all allergens were equal; Th2
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skewing correlated with slgE to house dust mite,
ryegrass and fungi, but not to cat, ragweed and
food allergens. Only BAL IL-5 increased with age
and correlated with BAL and blood eosinophils.
Of course, correlation and cause are not the same
thing, and causation cannot be determined from
a cross-sectional study that is confounded by the
effects of treatment.

To summarise, it is clear that much more work
is needed on endotyping this really severe group,
and thus rationalising treatment. We must get
beyond the current position of throwing treatments
haphazardly at these needy children.

Where next: from phenotype to
endotype

The concept of the treatable trait of airway
eosinophilia has been a huge step forward.
However, the question of stability of this trait
arises. One useful definition of a phenotype (which
is what a treatable trait can be considered as) is
the set of observable characteristics or traits of
an organism that are produced by the interaction
of the genotype and the environment. Clearly
phenotyping must result in useful action or it is
a pointless exercise. However, if the environment
changes, then so may the phenotype, and this is
crucial. For example, a 10-year-old boy with atopic
asthma if untreated will have airway eosinophilia.
ICS are prescribed and taken efficiently, so he no
longer has this trait. Subsequently he stops his
ICS and the trait returns, disappearing again when
he recommences therapy. He is cat allergic, and
his family are foolish enough to import three pet
cats into his home, so back comes his eosinophilia
until the cats are taken out of the environment,
and/or the ICS dose is increased. He then gets a
viral lower respiratory tract infection and becomes
transiently neutrophilic. The underlying molecular
pathway, or endotype (defined as a subtype of a
condition, which is defined by a distinct functional

Table 3 Potential biologicals for treatment of severe paediatric asthma

or pathobiological mechanism), has not changed,
but the manifestation of that endotype changes
with the environment. Thus, it is unsurprising
that there have been studies showing instability
of sputum cellular and molecular phenotypes
in both children [84, 85] and adults [86]. Of
course, this does not at all discredit the concept,
but underscores the need for regular critical
re-appraisal of treatment.

The inevitable imprecision of phenotypes is
one reason to progress to endotypes, but more
pressing is the increasing array of biologicals
becoming available. Currently, the licensed
options in paediatrics are limited to omalizumab
(binds circulating IgE) and mepolizumab (binds
IL-5), both of which have been spectacularly
successful treatments in school-age children
and adults, but alternative strategies will soon
become an option (table 3). It should be noted
that the lack of data in young children, and the
lack of much enthusiasm for doing these studies,
is in stark contrast to the situation in CF. Itis also
conceivable that a combined strategy that blocks
all three signature type 2 cytokines (IL-4, IL-5
and IL-13) may be needed in some children. It
could, at least hypothetically, be the case that
the eotaxins or the epithelial alarmins might drive
airway eosinophilia in some cases, independent
of type 2 pathways, or that other mechanisms
exist. Thus in a U-BIOPPRED study of adults,
sputum transcriptomic, Affymetrix array and
proteomics on induced sputum identified three
cellular clusters [97]: the first characterised by
blood and sputum eosinophilia, with underlying
type 2 inflammation; a second cluster, which was
neutrophilic, with IFN and TNF expression; and a
third in which there was mild eosinophilia or no
inflammatory cells, associated with metabolic and
mitochondrial gene upregulation, but not type 2
inflammation even if eosinophilia was present. Of
note, these clusters were not particularly stable
over time [86].

Biological Mode of action

Licensing status (UK)

Indications

Omalizumab Binds IgE preventing binding to the
high-affinity IgE receptor (FceRI) on

mast cells and basophils

May also have antiviral effects

Mepolizumab Binds circulating IL-5

Reslizumab  Binds circulating IL-5
Benralizumab Binds IL-5 receptor

Dupilumab Binds IL-4/IL-13 receptor

Age 6 years and over

Age 6 years and over

Not licensed
Not licensed

Age 12 years and over

IgE between 30 and 1300 IU-mL™"

(In the UK) >4 prednisolone bursts per year,
aeroallergen sensitised, adherent to standard
therapy

Dose depends on weight and IgE levels

Blood eosinophils >150 cells per pL

(In the UK) >4 prednisolone bursts per year,
aeroallergen sensitised, adherent to standard
therapy

Not applicable
Not applicable

Only licensed for atopic eczema
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The future: where from here?

A long and painful journey has meant that the
“asthmas” have reached only just beyond where
Harry Morrow-Brown took us in the 1950s. The
phenotypes are more specific, but we have yet to
discern the molecular sub-endotypes discovered in
CF. We have specific therapies, mainly directed at type
2 inflammation, but as yet do not know which agent is
best for which eosinophilic patient. We have only very
nonspecific therapies for non-eosinophilic asthma
in the older child, such as LAMA and macrolide
antibiotics. We have not done the big trials in children.

Where next? Discovering the specific endotypes
of the asthmas has to be the top priority, followed by
targeting existing or new biologicals to the endotype.
We must not repeat the mistakes of the past and use
a scattergun therapeutic approach, risking discarding
valuable therapies. Next must come biomarkers
of these endotypes and also treatment response.
Ideally these would be from breath analysis, but
futuristically, could it be that constructing an in vitro
airway model using cells obtained from nasal brushing
on a chip becomes possible, with the ability to model
interactions with the patient’s own blood cells?

One huge, as yet, unsolved problem is the cost
of these powerful new biologicals. The existing CF
and asthma biologicals are priced well beyond the
healthcare budgets of low- and middle-income
settings, and it is unlikely that future ones will be
any cheaper. Spiralling healthcare costs are not
an issue that will go away any time soon, but a
solution is urgent to avoid discrimination against
the patients in the poorest countries.

Whatever route we take in airway disease, it
is essential to keep the road map so dramatically
traced by the monogenic disease CF in mind. CF has
certainly led the way, but there is no reason why
the asthmas cannot follow; this is an exciting time
to be a young investigator! But the very first step
is to acknowledge our present and past mistakes,
and that there is an important road to be travelled.

Key points
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Self-evaluation questions

1.

Which statement is true of the treatment of the sub-endotypes of CF?

Select one correct answer.

a) Currently five molecular sub-endotypes of CF have been described

b) Ivacaftor is exclusively used to treat class Il gating mutations

) Ivacaftor cannot be used in preschool children because they are so
well that there is no useful clinical end-point of efficacy

d) Tissue from rectal biopsy can be used to predict treatment
responses to the novel biological therapies

. Which statement(s) about asthma are correct? Select all that are

correct.

a) Asthma is a disease characterised by eosinophilic airway inflammation

b) Type 2 inflammation usually but not always underlies airway
eosinophilia

c) Chronic infection is a feature of some cases of severe asthma

d) No biomarkers for eosinophilic airway inflammation are applicable
to preschool children

. Bronchodilator-responsive variable airflow obstruction is seen in

which of the following disease(s)? Select all that are correct.
a) Uncomplicated sickle cell anaemia

b) Adult survivors of chronic lung disease of prematurity

¢) Preschool wheeze

d) Uncomplicated post-adenovirus obliterative bronchiolitis

. In which of the following should consideration be given to seeing if

the treatable trait of eosinophilic inflammation is present? Select one
correct answer.

a) COPD

b) Bronchiectasis

o CF

d) All of the above

. Which of the following may be the underlying mechanism of variable

airflow obstruction? Select all that are correct.
a) Large airway malacia

b) Intraluminal mucus

c) Bronchial carcinoid

d) Airway smooth muscle constriction

e We need to follow the paradigm of CF and move from nonspecific reactive
(antibiotics for purulent infected secretions, mucolytics) agents to proactive,
molecular sub-endotype driven therapies with biomarkers of efficacy.

e Umbrella terms such as “asthma” and “chronic obstructive lung disease”
need to be replaced by the concept of treatable traits to guide treatment.

e The treatable traits approach is applicable to all airway diseases and allows

individualised treatment.

¢ ICS should be reserved for airway diseases characterised by airway eosinophilia,
irrespective of age, umbrella label or the presence of comorbidities.
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