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ABSTRACT

Case example: A 56-year-old gentleman has difficult to control asthma and a history of
four exacerbations in the prior 12 months despite high-dose inhaled corticosteroids (ICS)

and additional controller therapies. Is he suitable for more advanced therapeutic options?

Scope of review: We herein review the clinical assessment of a patient with suspected
severe asthma, discuss factors contributing to poor asthma control and how biomarkers

assist in disease investigation and stratification.

How | do it: The key components of our multidisciplinary approach are to confirm an
asthma diagnosis and adherence to treatment, to assess any contributing comorbidities or
confounding factors, and to stratify what type of asthma our patient has. The combination
of spirometry and repeated measures of key biomarkers of type-2 airway inflammation —
the blood eosinophil count and fractional exhaled nitric oxide — identifies whether poor
disease control is driven by uncontrolled, ICS-resistant type-2 airway inflammation or
ongoing airflow obstruction. A failure to elicit evidence of either suggests an alternative
driver for the patient's symptoms including chronic airway infection and non-asthma
causes. Each phenotype represents a treatable trait that requires a specific targeted
approach. Critically, steroids can cause harm and their use should be guided by objective

evidence of inflammation rather than symptoms alone.

Case conclusion: After assessment of treatment adherence and exclusion of relevant
comorbidities, the patient was found to have severe asthma with ICS-resistant type-2
airway inflammation. We will consider additional treatment options at our next appointment

(Part 2/2 of this How | Do It series). Word count: 247/250
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ABREVIATIONS

ABPA: allergic bronchopulmonary aspergillosis

ACQ: asthma control questionnaire

CF: cystic fibrosis

CT: computed tomography

EGPA: eosinophilic granulomatosis with polyangiitis

ENT: ear nose throat specialist

FeNO: fractional exhaled nitric oxide

FEV,: forced expiratory volume in one second

FVC: forced vital capacity

GERD: gastro-esophageal reflux disease

Gl: gastrointestinal

ICS: inhaled corticosteroid

Ig: immunoglobulin

IL: interleukin

MDT: multidisciplinary team

OCS: oral corticosteroids

T2: type-2
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Case Example

Dear Colleague,

Please review this 56-year-old gentleman with difficult asthma.

Despite current treatments which include prescription of high-dose combination inhaled
corticosteroid (ICS) / long acting beta2-agonist, inhaled long acting muscarinic antagonist
and oral leukotriene receptor antagonist, he remains symptomatic and has had four
exacerbations requiring oral corticosteroids (OCS) over the last year. He has previously
had surgery for nasal polyposis and remains bothered by nasal obstruction and anosmia.
He has a dog and a cat. Clinical examination reveals expiratory wheeze. His peak flow

today is 350 L/min (predicted 516 L/min).

Many thanks,

Dr GP

Definitions

Most people with asthma have well-controlled symptoms and remain largely exacerbation-
free on low to medium-dose inhaled corticosteroids with or without additional treatments.
Up to 10% require high intensity treatment to maintain control, or remain uncontrolled
despite high intensity treatment’2. These patients with severe asthma account for most of

the morbidity, mortality and societal costs attributed to the disease?.

Many patients initially appear to have severe asthma until a more in-depth evaluation
reveals one or more factors that contribute to their ongoing symptom burden and/or
exacerbation risk. The term ‘difficult-to-treat asthma’ has frequently been used to describe

this clinical scenario and may often include issues such as suboptimal adherence to ICS
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and poor inhaler technique, as well as the incorrect attribution of symptoms to asthma

rather than co-morbidities.

The distinction between ‘difficult’ and ‘severe’ asthma (Figure 1) remains one of the key
functions of a severe asthma clinic and requires a thorough history, a multi-disciplinary
team approach including objective assessments of airflow limitation, treatment adherence
and suspected co-morbidities, and the routine use of biomarkers of type-2 (T2) airway

inflammation.

Workup of severe asthma: our thought process

1. Does this patient have asthma?

It is noteworthy that a third of adults with physician-diagnosed asthma do not have
objective evidence of asthma during formal testing*. Referrals for asthma of any severity
should first aim to confirm the diagnosis by showing variable airflow limitation and

excluding other causes or confounding factors.

Airflow limitation is indicated by a forced expiratory volume in one second (FEV,)/forced
vital capacity (FVC) of <0.7 (<0.75-80 in young adults) and usually a FEV1 <80% predicted.
Assessment of reversibility to a rapid onset beta2-agonist or spontaneous within day peak
expiratory flow variability from home readings may help demonstrate variable airflow
limitation although negative findings are not necessarily helpful®. Often in a patient with
severe asthma there will be multiple measures of spirometry available in the medical notes
and the demonstration of airflow limitation which varies over time and/or following
treatment is straightforward. The persistent absence of airflow limitation when symptomatic

should alert the clinician to the possibility of an incorrect diagnosis. Assessment of airway
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responsiveness via methacholine provocation or exercise challenge is a sensitive measure

in these patients with normal or near-normal spirometry®5.

2. Is asthma uncontrolled?

The quantification of asthma control should rely on objective parameters. We commonly
use severe asthma attack history (defined as acute OCS use = 3 days for asthma) and the
5-item asthma control questionnaire (ACQ-5). The single best predictor for a future asthma
attack is the occurrence of an attack in the past year’. The ACQ-5 provides an estimate of
asthma symptoms during the previous week: a mean score >1.5 suggests poorly controlled
asthma, and a clinically significant change between two visits is 0.58. Alternatively, the
Asthma Control Test can be used to assess the previous month, with a mean score <20

suggesting poor control and a 3-point difference judged significant® 1.

3. Is asthma driving the symptoms?

Many patients with correctly diagnosed asthma present with persistent symptoms because
of comorbid diseases which may or may not be related to asthma or its treatment''. Non-
asthma conditions are important to recognize as these cause symptoms which are unlikely
to respond to inhaled treatment. Chronic obstructive pulmonary disease, bronchiectasis,
breathing pattern disorders, vocal cord dysfunction, obesity, sleep disorders, aspiration
(including foreign body aspiration) and steroid-induced complications are commonly
involved'2. Difficulties arise when these conditions co-exist with asthma: this typically
results in unsuccessful and often deleterious escalation to maximal therapy. Conversely,
identification of comorbidities coinciding with the underlying causal pathway for asthma
may increase the likelihood of severe disease and lead to personalized treatment
decisions. Chronic rhinosinusitis with nasal polyposis, eczema and urticaria are noteworthy

examples where identifying a treatable trait positively impacts disease management'3.14,

7
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Medical history needs to be sufficiently rigorous to account for all these factors. Our ‘must

ask questions’ reflect this (Table 1).

Clinical examination is frequently normal in asthma. Some patients may display features
of obstructive airways disease, including a hyperinflated and hyperresonant chest and
diffuse polyphonic expiratory wheeze on auscultation. However, examination is more often
helpful in identifying signs of an alternative or comorbid diagnosis. Key extrapulmonary
systems to examine are the skin (for eczema or other eosinophilic pathologies; the hands
for signs of smoking or digital clubbing), the nose (for rhinitis and overt nasal polyposis; an
otoscope can be used), and the cardiovascular system (for signs of fluid overload,

arrhythmia or heart murmurs).

Finally, in pregnant women with asthma, hormonal fluctuations, overlapping pregnancy-
related conditions and incorrect perception of the risk-benefits of continuing their asthma
treatments can lead to loss of control'®. Education is key. Importantly, principles for the

investigation and management of suspected severe asthma still apply'5.16,

4. |s the environment causal or modifiable?

Exposure to an adverse environment can be an important correctable factor for
uncontrolled asthma. This might be a relevant aspect in the patient described above.
Exposure to allergens to which the patient is sensitized or to irritant stimuli such as
cigarette smoke are associated with more severe and treatment unresponsive disease and
there is evidence that smoking cessation improves asthma control'’. Unfortunately, there
are no clear data supporting allergen avoidance as a means of reducing pharmacological

therapy8.
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Occupational asthma should be considered in all patients presenting with adult-onset
asthma or a marked change in their asthma control. Indeed, 15% of new onset adult
asthma are occupational asthma’®. Patients may notice that their symptoms are work-
related and improve over the weekend or when on holiday. Asthma can be aggravated by
work exposures or it can be caused by exposure to a novel respiratory sensitizer at work.
In the latter situation there is typically a lag period of exposure before the onset of
symptoms, which may initially involve the upper airway. A wide variety of high (e.g. flour,
latex) and low (e.g. isocyanates, acrylates) molecular weight agents can act as respiratory
sensitizers and cause occupational asthma. Bakers, healthcare workers and spray
painters are at particularly high risk. Removal from the offending workplace can result in

improved asthma control, particularly if the occupational cause is identified early2°.

5. Tackling nonadherence: is this severe asthma?

Up to 80% of patients on high-intensity asthma treatment do not have optimal medication
intake?. The assessment of treatment adherence is therefore a crucial yet often overlooked
component of the workup. Distinguishing between intentional and unintentional
nonadherence can be helpful. Intentional nonadherence is informed by beliefs, emotions
and preferences, whereas unintentional nonadherence is a consequence of forgetfulness,
complicated dosing regimens, and/or poor inhaler technique?'. In both cases,
nonadherence implies that the patient is not optimally treated and, accordingly, does not

have severe asthma.

Different contexts call for different methods to investigate adherence (Table 2). Arguably
the simplest and most accessible method is to carefully document the controller
prescription pickup rate and to observe the patient’s inhaler technique. The measurement

of blood levels of prednisolone or theophylline can also be helpful if these therapies are
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prescribed. Poor adherence with ICS should be suspected in a patient with a persistently
raised exhaled nitric oxide (FeNO) since this biomarker is generally — but not universally?2
— ICS responsive?3. A useful approach to the assessment of such a patient is to carry out
a FeNO suppression test, during which ICS are delivered in a supervised fashion (i.e. using
a chipped inhaler) for 7 to 28 days2+25. Measuring FeNO before and after the test identifies
as many as 50% of patients who significantly suppress their FeNO, a pattern typically
associated with a good clinical response to ICS. The demonstration of treatment
responsive inflammation may be all that is needed to persuade the patient to adhere to
ICS, effectively mitigating intentional and unintentional nonadherence issues. Some
patients will derive benefit from alternative approaches including the use of maintenance
and reliever ICS/fast-onset beta2-agonist therapy?%2’. Finally, the use of remotely
monitored inhalers (i.e. chipped or Bluetooth-enabled devices) can be a useful tool to

promote and monitor adherence?s.

The variety of methods and difficulties to address treatment adherence highlights the
importance of working with a multidisciplinary team (MDT). We review suspected severe
asthma cases before and after clinic with the MDT2°. From the prescriber’s perspective,
collaborating with a team of professionals will ensure that each patient has completed the
necessary workup to confirm a diagnosis of severe asthma and been assessed for
comorbidities and complications of corticosteroid therapy. Professionals who are part of
the MDT include respiratory consultants, specialist nurses, a clinical pharmacist, a speech
and language therapist, trainees and a coordinator. Selected cases can also benefit from
input by Ear Nose and Throat (ENT) or gastrointestinal (Gl) specialists. The main outcome
for the patient is a holistic, consistent and tailored approach to manage their airways

disease
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6. What type of severe asthma does the patient have?

A key step is to identify the lower airway inflammatory phenotype. Lower airway pathology
is highly heterogeneous in patients with severe asthma3?. Type-2-high, eosinophilic airway
inflammation is mediated by the T2 cytokines IL-4, IL-5 and IL-133" and easily identified in
clinic by increased levels blood or sputum eosinophils and FeNO'#22, The use of
biomarkers of T2 airway inflammation (Table 3) as the treatment target has become a key
component of corticosteroid stewardship32. Indeed, it is important to identify patients with
T2-mediated disease who are at increased risk of asthma attacks and respond well to anti-
inflammatory treatment'. Conversely, presumed T2-low asthma should alert clinicians to
look for alternative causes for morbidity (e.g. airways infection3334) and to de-escalate
corticosteroid therapy3°36. As oral corticosteroids suppress T2 inflammation?®’, guidelines
suggest that one should presume that people on OCS are T2-high; however, it is
reassuring to note that biomarker-guided de-escalation of OCS is safe and may also
unmask T2 status. With biomarker-guided treatment down-titration, a T2 phenotype

becomes evident in up to 95% of patients with severe, uncontrolled asthma?36.

The blood eosinophil count and FeNO (Figure 2) are the most practical and helpful
biomarkers to determine the lower airway inflammatory phenotype. While eosinophilic
inflammation can be observed with blood eosinophil counts as low as 0.15x10°%/L, T2
inflammation and exacerbations are generally increased with eosinophil counts
20.30%10°/L. Conversely, sputum eosinophilia is unlikely to be present in patients with a
blood count <0.15%10°L, especially when FeNO is low (<25 ppb)38. Raised blood
eosinophil counts are also commonly seen in patients with atopic dermatitis so the

demonstration of eosinophilia is not a specific marker of T2 lower airway inflammation.
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These caveats illustrate the utility of FeENO measurement, which localizes the problem to

the airway?2.

Nitric oxide is produced by airway epithelial cells as a result of IL-13-induced induction of
nitric oxide synthase in the airway epithelium3®-4' and is therefore a more specific marker
of T2 airway inflammation. Values above 25 ppb are indicative of T2 inflammation and are
considered significantly increased at levels 250ppb. FENO may be influenced by the level
of — and adherence to — ICS, the presence of nasal polyposis (in which levels can be high
in the absence of asthma) and smoking (which reduces FeNO levels)*243, Although raised
FeNO typically responds to corticosteroids?3, recent evidence shows that FeNO non-
suppression in the context of high-intensity therapy identifies corticosteroid-resistant T2
cytokine, chemokine, and alarmin-signaling in the airway compartment?2. Furthermore, it
has been observed in ICS-tapering trials that a doubling of FeNO over 21 days increases
the risk of uncontrolled asthma nearly three-fold*+. Likewise, in the placebo arms of clinical
trials for biologics, a raised baseline FeNO (=50 vs <25) was associated with double the
severe asthma attack rates for patients with similar blood eosinophilia (20.30x109/L)*>48,
In effect, FeNO contributes a different yet complementary information on the T2
inflammatory response; analogous to a magnet (FeNO-related airway chemokines) pulling
systemic effector cells (blood eosinophils) to the airway compartment (Figure 2)?248. The
predictive value of these two biomarkers is associated with the intensity of the signal and
is additive in regards to the identification of T2 inflammation,422:38 the risk of severe

asthma attacks#>® and the likelihood of a response to specific treatment+7-4°.

Confirming atopy with skin-prick testing or measurement of total IgE and allergen-specific
IgE may help support a diagnosis of atopic asthma and provide an argument for allergen

avoidance and omalizumab prescription in cases in which the allergy is felt to be the
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dominant driver of the patient’'s asthma. The panel of airborne allergens selected for
assessment should be refined according to local triggers but in general includes
Aspergillus fumigatus, house dust mite, seasonal tree/grass/weed pollens and any other

significant perennial allergens in the patient’s environment (e.g. pets).

Finally, sputum cultures are useful to assess for chronic airways infection, which is more
often present in neutrophilic, T2-low asthma3® and can predict response to macrolides
when Haemophilus influenzae is isolated34. Acid-fast bacilli sputum cultures should also
be ordered when planning for macrolide therapy®. It is noteworthy that increased sputum
production and purulence are not necessarily predictive of bacterial infection in severe
eosinophilic asthma®!, where bronchorrhea may respond to anti-inflammatory rather than

antibiotic therapy.

7. Has imaging been reviewed?

Imaging is not routinely recommended in mild-moderate asthma®2, however, assuming
issues relating to poor inhaler adherence/technique have been excluded, it is important to
perform at least a chest X-ray and generally a high-resolution chest computed tomography
(CT). In the context of high levels of T2 inflammation this can identify features suggestive
of an additional eosinophilic lung disease, e.g.: allergic bronchopulmonary aspergillosis
(ABPA), eosinophilic granulomatosis with polyangiitis (EGPA), or chronic eosinophilic
pneumonia. Conversely, in the absence of significant T2 inflammation, evidence of chronic
airway infection and/or any non-asthma related pathology including tracheal or
parenchymal disease and bronchiectasis can be evident on imaging. In a current or ex-

smoker, it will identify any overlapping emphysema.
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Chest CT imaging is also an important step if bronchoscopy is considered. Bronchoscopy
can identify other comorbidities including vocal cord dysfunction, laryngopharyngeal reflux,
fixed airway narrowing and airway infection. It also allows for bronchoalveolar lavage (BAL)
and / or endobronchial biopsy studies for evidence of eosinophilia and other inflammatory

cells.

Finally, we order a sinus CT in patients reporting symptoms suggestive of chronic
rhinosinusitis with nasal polyposis, i.e. facial congestion/pain, nasal obstruction, purulent
discharge, and/or hyposmia/anosmia lasting 12 weeks or longer®3. As the effects of high
intensity acid suppression therapy are disappointing®*, we do not routinely obtain detailed
Gl assessments for suspected comorbid gastroesophageal reflux disease; however
tailored barium swallow, esophagram and pH probe may uncover Gl comorbidities that

warrant further treatment in some circumstances

14
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8. Are further tests indicated?

Extra-pulmonary comorbidities are common in severe asthma and investigating an
extensive list of differential diagnoses does not necessarily improve outcomes.
Accordingly, we do not systematically order all the investigations listed in Table 4 but
assess the pretest probability and the likelihood that the test result will change our
management of the patient. Certainly, serious consideration should be given to flexible
laryngo-bronchoscopy in cases of suspected central airways disease (to eliminate fixed or
dynamic proximal airway obstruction); Strongyloides/parasite serologies and stool
examinations in patients having traveled to at-risk regions; and Aspergillus-specific
IgG/IgE plus anti-neutrophil cytoplasmic antibodies in cases of significant blood
eosinophilia. We order detailed hypereosinophilic syndrome work-up (FIP1L1/PDGFRA:
responds to imatinib) for cases with extreme hypereosinophilia (>5.0 x10°L), or

hypereosinophilia (1.5 x10%/L) with other suspect features®>.

Perhaps the only exception to the test-then-treat rule for comorbidities is the occasional
case in which eosinophilic granulomatosis with polyangiitis (EGPA) is seriously
entertained. In a high-risk clinical setting, we consider starting systemic corticosteroids
prior to receiving antibody results — which are positive in less than half of patients with
EGPA — and even prior to performing tissue biopsy, as untreated disease carries the risk

of serious morbidity (e.g. stroke with neurologic sequelae, cardiomyopathy)®e.

Corticosteroids have metabolic effects that should be investigated on a case-by-case
basis. Most patients experience one or more steroid-induced complication(s) such as
obesity, psychiatric disorders, hypertension, diabetes, hypercholesterolemia,
cardiovascular disease, adrenal insufficiency, osteoporosis, cataracts, glaucoma,
dyspeptic disorders, and sepsis/infection. These adverse effects are dose-related across

15
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the range of doses of prednisone used in asthma but can develop from as little as 4 short
courses of high dose steroids / year®” and they accumulate with time%859, Patients with
severe OCS-dependent asthma should be assessed formally as they may suffer from
significant morbidity when complications are not recognized and managed. We ensure that
glycosylated hemoglobin, blood pressure monitoring, bone density measurement and

ophthalmologist examination has been recently performed in these patients.

How we do it.

We work with and as a team. We have devised a standard pathway for patients that are
referred to our ‘special airways clinic’ (Figure 3). As the name implies, we avoid labels and
focus on the identification of relevant mechanisms, or treatable traits. Our MDT meeting
allows for a many-sided approach which expedites investigation and management plans.
The overbearing principle is that we identify and treat mechanisms rather than potentially
unrelated symptoms. We align treatment intensity according to disease severity, rather

than the other way around.

Case conclusion

Prior to our first encounter, the MDT reviewed the referral letter and asked for our
pharmacist to perform an adherence check, which confirmed a 100% treatment pickup
rate. On the day of the appointment, our nurse reviewed his inhaler technique (good),
obtained an ACQ score (3.2; over 1.5 is uncontrolled) and measured FeNO (high at 78
ppb). Spirometry confirmed reversible airflow limitation with moderate obstruction (post
bronchodilator FEV; 72% predicted; FEV4./FVC 0.62). Medical history and physical
examination suggested adult-onset severe asthma with comorbid chronic rhinosinusitis
and nasal polyposis. This gentleman recalls improvement in his wheezing, nasal

obstruction and anosmia within 24 hours to prednisone when he last had a course for an
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asthma attack implying that type-2 airway inflammation is likely to be the dominant
mechanism driving both his lower and upper airway disease. Further investigations
showed raised blood eosinophils (0.76x10° cells/L) and total IgE (364 kU/L), with a single
weakly positive specific-IgE (Aspergillus fumigatus). Current and previous Chest X-rays,

as well as a chest CT performed two years ago were reviewed and judged unremarkable.

After the clinic, the MDT reconvened. We discussed and agreed that this patient has T2-
high, severe, uncontrolled asthma despite good adherence to ICS. Although sensitized to
Aspergillus, his relatively low total IgE and imaging are against ABPA contributing to his
disease. He likely has recurrence of his nasal polyposis, and we have ordered a sinus CT,
optimized his nasal therapy and prescribed a standby rescue pack of prednisone 40 mg

p.o. x5 days.

At our next appointment we will review his sinus CT and any other outstanding

investigations and discuss further treatment options.
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Figure legends

FIGURE 1

Symptoms and treatment intensity define difficult asthma and severe asthma, whereas
biomarkers of type-2 airway inflammation suggest the disease phenotype. There is an
acknowledged indeterminate zone between biomarker cut points for type-2 high and type-2
low. A severe asthma attack is defined by a burst of systemic corticosteroids for > 3 days.
ACQ = asthma-control questionnaire, ACT = asthma control test, Blood Eos = peripheral
blood eosinophil count (x10° cells/L), FeNO = fractional exhaled nitric oxide (ppb), Sputum

Eos = sputum eosinophils (%).

FIGURE 2

Translating type-2 (T2) biomarkers in severe asthma: a two-compartment, two-hit theory.
Fractional exhaled nitric oxide (FeENO) and the peripheral blood eosinophil count provide
mechanistic information from distinct immune compartments: FeNO reflects airway type-2
activity and the chemotactic pull to the airway compartment, whilst blood eosinophils reflect
the systemic pool of available effector cells and circulating interleukin (IL)-5%2. These
biomarkers have additive value in predicting severe asthma attacks in the control arm of
clinical trials*>-48. Under this two-compartment-two-hit model, a trigger (e.g. a virus or
allergen) leads to a multiplicative event — the asthma attack®%6', ICS, inhaled
corticosteroid, TARC, thymus activation regulated cytokine; TSLP, thymic stromal

lymphopoietin.

FIGURE 3

A suggested algorithm for assessing and managing patients with severe asthma. * =
Adherence (e.g. = 75% prescription pick-up rate; see Table 2) is ideally assessed in every
new patient, but must certainly be confirmed prior to biological prescription; # = biomarker
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high, i.e. blood eosinophil cell counts 20.15%10° cells/L and/or fractional exhaled nitric

oxide 225 ppb; T = usually a combination of long-acting bronchodilator/low-dose inhaled

oNOYTULT D WN =

corticosteroid (ICS) plus a long-acting muscarinic; ACQ = asthma-control questionnaire;
10 IgE = immunoglobulin E; MART = maintenance and reliever therapy. ACQ = asthma-

control questionnaire; IgE = immunoglobulin E.
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TABLE 1: ‘Must be asked’ elements on clinical history in suspected severe asthma

Etiology and contributing factors

Occupation and exposure history

Household pets, dusty or moldy environments

Known allergies, associated symptoms + confirmatory testing
Aspirin/COX-1 inhibitor sensitivity

Smoking and vaping history

lllicit inhaled drug use: smoked, snorted or vaporized
Pregnancy

Psychosocial stressors

Asthma & asthma attack history

Age of asthma onset, method of diagnosis

Previous intensive care / intubation for asthma

Number of asthma attacks requiring corticosteroids and/or hospital admissions
Number of lower respiratory tract infections requiring antibiotics

Usual triggers and symptoms of attacks

Current asthma control (e.g. ACQ, ACT, or GINA control checklist)

Response to systemic corticosteroids: significant and prompt response suggests eosinophilic airway pathology

Current and previous asthma therapies

Current treatment regimen, including over-the-counter medications

Controller and reliever therapies felt to be helpful — pattern of use and response
Controller and reliever therapies felt to be unhelpful — previous treatment failures
Barriers to treatment adherence

Vaccination history
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Comorbidity assessment

Cardiovascular and metabolic comorbidities; ischemic heart disease, diabetes, (...)
Common type-2-high comorbidities: especially nose, sinus and skin disease
Common type-2-unrelated comorbidities: anxiety/depression, recurrent chest infections, gastroesophageal reflux disease, (...)

oNOYTULT D WN =

Common respiratory red flags and/or symptoms of ‘asthma plus’ conditions: ABPA, CEP, EGPA, (...)

? ABPA = allergic bronchopulmonary aspergillosis, ACQ = asthma control questionnaire, ACT = asthma control test, CEP = chronic
eosinophilic pneumonia, EGPA = eosinophilic granulomatosis with polyangiitis, GINA = global initiative for asthma

42 29
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TABLE 2. Methods used to assess treatment adherence in severe asthma

Page 30 of 70

Method

Association with
outcomes

Logistics

Comments

Prescription
records

Solid evidence that patients
with low consumption of ICS

do less well

Simple in  most
health care
systems

Does not assess treatment use directly. Accurate
information not always available.

Blood drug levels

Has not been associated
with clinical outcomes

Widely available

Only applicable for theophylline and prednisolone.
Undetectable prednisolone and / or normal serum cortisol
generally accepted as a reliable marker of non-adherence
to maintenance prednisolone.

FeNO suppression
test24,25

Significant suppression of
FeNO after 7 to 28-day
monitored ICS therapy is
associated with longer-term
response to supervised

treatment

Difficult to carry out
in most healthcare
systems

Some patients better understand the positive impact of ICS
treatment by seeing a measurable decrease in their airway
inflammation matching their clinical improvement.

Remote monitoring
of chipped inhaler
devices?8

Allows real-time monitoring
of adherence to asthma

treatments

May improve adherence
and decrease exacerbations

in research settings

‘Chipped inhaler’
technology varies
with inhaler type

Increasingly carried out in severe asthma clinics.
Technology and wireless communication capacities rapidly
evolving.

FeNO = fractional exhaled nitric oxide, ICS = inhaled corticosteroid.
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1 TABLE 3: Biomarkers of Type-2 Airway Inflammation

2

2 Association with

5 Biomarker Cut-offs treatment Comments

6 response

7 n . —

: IgE Variable Anti-IgE IgE Ieve!s do not consistently predict clinical outcomes nor treatment

5 responsiveness

10 Corticosteroids

3 Blood 5 g q5xq00 AN-IL-5/5R Generally available, cheap, directly relates to asthma control and risk of

12 eosinophil Anti-IL4Ra

13 per L . asthma attacks

” count Anti-IgE

15 Anti-TSLP

16 Sputum Corticosteroids

17 eosinophils 22% Anti-IL-5 Not routinely available, tissue specific, time-consuming

18 Anti-IL4Ra

I ICS

20 , T . , o .

N RN megm  AwdRe ok cheeh nonivashe ssedsled i foressed ko stine

22 Anti-TSLP ! P y P

;i FeNO = fractional exhaled nitric oxide, ICS = inhaled corticosteroid, Ig = immunoglobulin, IL = interleukin, R = receptor. TSLP =
thymic stromal lymphopoietin. Modified from reference 14.
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TABLE 4: Suspected contributing factors to severe asthma and their investigations

Suspected problem Possible investigation

Bronchiectasis,
emphysema, large airway  High-resolution chest CT (inspiratory and expiratory images) + bronchoscopy
pathology

Chronic airways infection ~ Sputum cultures (x2), including for acid-fast bacilli £ bronchoscopy

Chronic rhinosinusitis with

: Sinus CT £ nasoendoscopy / ENT referral
nasal polyposis

Corticosteroid-induced Specific to target organ, but may include: glycosylated hemoglobin, blood pressure monitoring, 8
side effects a.m. cortisol, bone density measurement, ophthalmologist referral

Cystic fibrosis Sweat chloride * genetic testing

Dysfunctional breathing . .

pattemn® Respiratory physiotherapy assessment

Dyspepsia, GERD* Gl referral for esophageal manometry, pH monitoring and/or endoscopy

Specific to travel history, but may include: stool microscopy exam for parasitic ova and larvae,

G S el Stronglyoides and/or Schistosomiasis serology

Hypereosinophilic Hematology referral for cytogenetics (FIP1L1/PDGFRA) and/or further testing®®

syndromes

Immunodeficiency IgG, IgM, IgA + immunology referral

Inducible laryngeal . .

obstruction ENT / speech and language therapy with dynamic laryngoscopy

Obstructive sleep apnea or

other sleep disordered Sleep study

breathing

Unexplained Echocardiogram and full pulmonary function tests + CPET

breathlessness

Vasculitis Anti-neutrophil cytoplasmic antibodies + affected tissue (e.g. skin, nose, nerve or lung) biopsy

* In cases where dysfunctional breathing overlaps with persistent type-2 inflammation, the latter entity can be treated in
parallel; #Gastro-esophageal reflux disease (GERD) investigation and treatment is unlikely to result in improved
asthma control®¢. CF = cystic fibrosis, CPET = cardiopulmonary exercise testing, CT = computed tomography, ENT =
ear-nose-throat surgery, Ig = immunoglobulin, SALT = speech and language therapy.
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‘Difficult Asthma’ <

GINA Step 4-5 treatment
+Uncontrolled asthma

Severe Asthma

Asthma diagnosis confirmed

+ Contributory factors optimized:

* GINA Step 4-5 treatment

* Good inhalertechnique

* Good adherence

+ Uncontrolled Asthma

* Frequent (2 2) severe asthma
attacksin the previousyear

* ACQscore>1.5

Type-2 low
ALL of:

Blood Eos < 0.15
Sputum Eos <2%
FeNO < 25 ppb

Type-2 high
ANY of:

Blood Eos 2 0.15
Sputum Eos 2 2%
FeNO 2 25 ppb

FIGURE 1. Symptoms and treatment intensity define difficult asthma and severe asthma, whereas
biomarkers of type-2 airway inflammation suggest the disease phenotype. There is an acknowledged
indeterminate zone between biomarker cut points for type-2 high and type-2 low. A severe asthma attack is
defined by a burst of systemic corticosteroids for > 3 days. ACQ = asthma-control questionnaire, ACT =
asthma control test, Blood Eos = peripheral blood eosinophil count (x10° cells/L), FeNO = fractional exhaled
nitric oxide (ppb), Sputum Eos = sputum eosinophils (%).
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FIGURE 2. Translating type-2 (T2) biomarkers in severe asthma: a two-compartment, two-hit theory.
Fractional exhaled nitric oxide (FeNO) and the peripheral blood eosinophil count provide mechanistic
information from distinct immune compartments: FeNO reflects airway type-2 activity and the chemotactic
pull to the airway compartment, whilst blood eosinophils reflect the systemic pool of available effector cells

and circulating interleukin (IL)-522. These biomarkers have additive value in predicting severe asthma
attacks in the control arm of clinical trials*>~48, Under this two-compartment-two-hit model, a trigger (e.g. a

virus or allergen) leads to a multiplicative event — the asthma attack®0.61, ICS, inhaled corticosteroid, TARC,
thymus activation regulated cytokine; TSLP, thymic stromal lymphopoietin.
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Look for and treat other causes of symptoms,
No objective eg. fixed airflow obstruction, airway
Review available notes evidence of infection, Dare_nchymal abnormalities, vocal
+ Documented airflow asthma cord dysfunction, dysfunctional breathing,
gastroesophageal reflux disease, cardiac
obstruction?
+ Obijective evidence of dysfunction, deconditioning
eosinophilic / type 2 airway
inflammation?
*+ Additional comorbidities? No

Multidisciplinary clinical
evaluation

Patient ) gea%?:;ggr:a%dawggs Biomarker- Optimize bronchodilator Rk funggrrwo‘;ig/or Yes Personalized
referred + Review current medication || mﬂ:rl[r"ﬂr:tdo%ihae’?;pw 7 a’f;‘?;’::‘r':gs reductionin [ | manalgemem
to the ‘-— and confirm inhaler symptoms? plan
Special technique

Airways * Assess adherence”

Clinic + Assess confrol (e.g. ACQ)

Optimize ICS
+ Assess stercid-related use ?MART
morbidity
* Measure FeNO

« Perform spirometry

Monitor patient

+ R it and and biological
eview current an Non adherent i
historical blood eosinophils
* Review total IgE and to & months
then yearly

aeroallergen testing
+ Review chest X-Ray / CT

Biomarker-

- _Canﬂrm adherence*®
Multidisciplinary team high asthma®
meeting

Personalized
biological therapy

Adherent

FIGURE 3. A suggested algorithm for assessing and managing patients with severe asthma. * = Adherence
(e.g. = 75% prescription pick-up rate; see Table 2) is ideally assessed in every new patient, but must
certainly be confirmed prior to biological prescription; # = biomarker high, i.e. blood eosinophil cell counts
>0.15x109 cells/L and/or fractional exhaled nitric oxide =25 ppb; T = usually a combination of long-acting
bronchodilator/low-dose inhaled corticosteroid (ICS) plus a long-acting muscarinic; ACQ = asthma-control
questionnaire; IgE = immunoglobulin E; MART = maintenance and reliever therapy. ACQ = asthma-control
questionnaire; IgE = immunoglobulin E.
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ABSTRACT

Case example: A 56-year-old gentleman has difficult to control asthma and a history of
four exacerbations in the prior 12 months despite high-dose inhaled corticosteroids (ICS)

and additional controller therapies. Is he suitable for more advanced therapeutic options?

Scope of review: We herein review the clinical assessment of a patient with suspected
severe asthma, discuss factors contributing to poor asthma control and how biomarkers

assist in disease investigation and stratification.

How | do it: The key components of our multidisciplinary approach are to confirm an
asthma diagnosis and adherence to treatment, to assess any contributing comorbidities or
confounding factors, and to stratify what type of asthma our patient has. The combination
of spirometry and repeated measures of key biomarkers of type-2 airway inflammation —
the blood eosinophil count and fractional exhaled nitric oxide — identifies whether poor
disease control is driven by uncontrolled, ICS-resistant type-2 airway inflammation or
ongoing airflow obstruction. A failure to elicit evidence of either suggests an alternative
driver for the patient's symptoms including chronic airway infection and non-asthma
causes. Each phenotype represents a treatable trait that requires a specific targeted
approach. Critically, steroids can cause harm and their use should be guided by objective

evidence of inflammation rather than symptoms alone.

Case conclusion: After assessment of treatment adherence and exclusion of relevant
comorbidities, the patient was found to have severe asthma with ICS-resistant type-2
airway inflammation. We will consider additional treatment options at our next appointment

(Part 2/2 of this How | Do It series). Word count: 247/250
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ABREVIATIONS

ABPA: allergic bronchopulmonary aspergillosis
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10 ACQ: asthma control questionnaire

13 CF: cystic fibrosis

CT: computed tomography

20 EGPA: eosinophilic granulomatosis with polyangiitis
23 ENT: ear nose throat specialist

FeNO: fractional exhaled nitric oxide

30 FEV,: forced expiratory volume in one second
33 FVC: forced vital capacity

GERD: gastro-esophageal reflux disease

40 Gl: gastrointestinal

43 ICS: inhaled corticosteroid

46 lg: immunoglobulin

IL: interleukin

53 MDT: multidisciplinary team

56 OCS: oral corticosteroids

>9 T2: type-2
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Case Example

Dear Colleague,

Please review this 56-year-old gentleman with difficult asthma.

Despite current treatments which include prescription of high-dose combination inhaled
corticosteroid (ICS) / long acting beta2-agonist, inhaled long acting muscarinic antagonist
and oral leukotriene receptor antagonist, he remains symptomatic and has had four
exacerbations requiring oral corticosteroids (OCS) over the last year. He has previously
had surgery for nasal polyposis and remains bothered by nasal obstruction and anosmia.
He has a dog and a cat. Clinical examination reveals expiratory wheeze. His peak flow

today is 350 L/min (predicted 516 L/min).

Many thanks,

Dr GP

Definitions

Most people with asthma have well-controlled symptoms and remain largely exacerbation-
free on low to medium-dose inhaled corticosteroids with or without additional treatments.
Up to 10% require high intensity treatment to maintain control, or remain uncontrolled
despite high intensity treatment’2. These patients with severe asthma account for most of

the morbidity, mortality and societal costs attributed to the disease?.

Many patients initially appear to have severe asthma until a more in-depth evaluation
reveals one or more factors that contribute to their ongoing symptom burden and/or

exacerbation risk. The term ‘difficult-to-treat asthma’ has frequently been used to describe

this clinical scenario and may often include issues such as suboptimal adherence to ICS
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and poor inhaler technique, as well as the incorrect attribution of symptoms to asthma

rather than co-morbidities.

The distinction between ‘difficult’ and ‘severe’ asthma (Figure 1) remains one of the key
functions of a severe asthma clinic and requires a thorough history, a multi-disciplinary
team approach including objective assessments of airflow limitation, treatment adherence
and suspected co-morbidities, and the routine use of biomarkers of type-2 (T2) airway

inflammation.

Workup of severe asthma: our thought process

1. Does this patient have asthma?

It is noteworthy that a third of adults with physician-diagnosed asthma do not have
objective evidence of asthma during formal testing*. Referrals for asthma of any severity
should first aim to confirm the diagnosis by showing variable airflow limitation and

excluding other causes or confounding factors.

Airflow limitation is indicated by a forced expiratory volume in one second (FEV,)/forced
vital capacity (FVC) of <0.7 (<0.75-80 in young adults) and usually a FEV1 <80% predicted.
Assessment of reversibility to a rapid onset beta2-agonist or spontaneous within day peak
expiratory flow variability from home readings may help demonstrate variable airflow
limitation although negative findings are not necessarily helpful®. Often in a patient with
severe asthma there will be multiple measures of spirometry available in the medical notes
and the demonstration of airflow limitation which varies over time and/or following
treatment is straightforward. The persistent absence of airflow limitation when symptomatic

should alert the clinician to the possibility of an incorrect diagnosis. Assessment of airway
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responsiveness via methacholine provocation or exercise challenge is a sensitive measure

in these patients with normal or near-normal spirometry®5.

2. Is asthma uncontrolled?

The quantification of asthma control should rely on objective parameters. We commonly
use severe asthma attack history (defined as acute OCS use = 3 days for asthma) and the
5-item asthma control questionnaire (ACQ-5). The single best predictor for a future asthma
attack is the occurrence of an attack in the past year’. The ACQ-5 provides an estimate of
asthma symptoms during the previous week: a mean score >1.5 suggests poorly controlled
asthma, and a clinically significant change between two visits is 0.58. Alternatively, the
Asthma Control Test can be used to assess the previous month, with a mean score <20

suggesting poor control and a 3-point difference judged significant®19.

3. Is asthma driving the symptoms?

Many patients with correctly diagnosed asthma present with persistent symptoms because
of comorbid diseases which may or may not be related to asthma or its treatment''. Non-
asthma conditions are important to recognize as these cause symptoms which are unlikely
to respond to inhaled treatment. Chronic obstructive pulmonary disease, bronchiectasis,
breathing pattern disorders, vocal cord dysfunction, obesity, sleep disorders*?, aspiration
(including foreign body aspiration) and steroid-induced complications are commonly
involved'2. Difficulties arise when these conditions co-exist with asthma: this typically
results in unsuccessful and often deleterious escalation to maximal therapy. Conversely,
identification of comorbidities coinciding with the underlying causal pathway for asthma
may increase the likelihood of severe disease and lead to personalized treatment
decisions. Chronic rhinosinusitis with nasal polyposis, eczema and urticaria are noteworthy

examples where identifying a treatable trait positively impacts disease management'3.14,

7
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Medical history needs to be sufficiently rigorous to account for all these factors. Our ‘must

ask questions’ reflect this (Table 1).

Clinical examination is frequently normal in asthma. Some patients may display features
of obstructive airways disease, including a hyperinflated and hyperresonant chest and
diffuse polyphonic expiratory wheeze on auscultation. However, examination is more often
helpful in identifying signs of an alternative or comorbid diagnosis. Key extrapulmonary
systems to examine are the skin (for eczema or other eosinophilic pathologies; the hands
for signs of smoking or digital clubbing), the nose (for rhinitis and overt nasal polyposis; an
otoscope can be used), and the cardiovascular system (for signs of fluid overload,

arrhythmia or heart murmurs).

Finally, in pregnant women with asthma, hormonal fluctuations, overlapping pregnancy-
related conditions and incorrect perception of the risk-benefits of continuing their asthma
treatments can lead to loss of control'®. Education is key. Importantly, principles for the

investigation and management of suspected severe asthma still apply'5.16,

4. |s the environment causal or modifiable?

Exposure to an adverse environment can be an important correctable factor for
uncontrolled asthma. This might be a relevant aspect in the patient described above.
Exposure to allergens to which the patient is sensitized or to irritant stimuli such as
cigarette smoke are associated with more severe and treatment unresponsive disease and
there is evidence that smoking cessation improves asthma control'’. Unfortunately, there
are no clear data supporting allergen avoidance as a means of reducing pharmacological

therapy8.
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Occupational asthma should be considered in all patients presenting with adult-onset

asthma or a marked change in their asthma control. Indeed, 15% of new onset adult

asthma are occupational asthma’®. Patients may notice that their symptoms are work-

related and improve over the weekend or when on holiday. Asthma can be aggravated by
work exposures or it can be caused by exposure to a novel respiratory sensitizer at work.
In the latter situation there is typically a lag period of exposure before the onset of
symptoms, which may initially involve the upper airway. A wide variety of high (e.g. flour,
latex) and low (e.g. isocyanates, acrylates) molecular weight agents can act as respiratory
sensitizers and cause occupational asthma. Bakers, healthcare workers and spray
painters are at particularly high risk. Removal from the offending workplace can result in

improved asthma control, particularly if the occupational cause is identified early2°.

5. Tackling nonadherence: is this severe asthma?

Up to 80% of patients on high-intensity asthma treatment do not have optimal medication
intake?. The assessment of treatment adherence is therefore a crucial yet often overlooked
component of the workup. Distinguishing between intentional and unintentional
nonadherence can be helpful. Intentional nonadherence is informed by beliefs, emotions
and preferences, whereas unintentional nonadherence is a consequence of forgetfulness,
complicated dosing regimens, and/or poor inhaler technique?'. In both cases,
nonadherence implies that the patient is not optimally treated and, accordingly, does not

have severe asthma.

Different contexts call for different methods to investigate adherence (Table 2). Arguably
the simplest and most accessible method is to carefully document the controller
prescription pickup rate and to observe the patient’s inhaler technique. The measurement

of blood levels of prednisolone or theophylline can also be helpful if these therapies are
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prescribed. Poor adherence with ICS should be suspected in a patient with a persistently
raised exhaled nitric oxide (FeNO) since this biomarker is generally — but not universally?2
— ICS responsive?3. A useful approach to the assessment of such a patient is to carry out
a FeNO suppression test, during which ICS are delivered in a supervised fashion (i.e. using
a chipped inhaler) for 7 to 28 days2+25. Measuring FeNO before and after the test identifies
as many as 50% of patients who significantly suppress their FeNO, a pattern typically
associated with a good clinical response to ICS. The demonstration of treatment
responsive inflammation may be all that is needed to persuade the patient to adhere to
ICS, effectively mitigating intentional and unintentional nonadherence issues. Some
patients will derive benefit from alternative approaches including the use of maintenance
and reliever ICS/fast-onset beta2-agonist therapy?6-27. Finally, the use of smart-remotely

monitored inhalers (i.e. chipped or Bluetooth-enabled devices) can be a useful tool to

promote and monitor centinued-adherence?s.

The variety of methods and difficulties to address treatment adherence highlights the
importance of working with a multidisciplinary team (MDT). We review suspected severe
asthma cases before and after clinic with the MDT2°. From the prescriber’s perspective,
collaborating with a team of professionals will ensure that each patient has completed the
necessary workup to confirm a diagnosis of severe asthma and been assessed for
comorbidities and complications of corticosteroid therapy. Professionals who are part of
the MDT include respiratory consultants, specialist nurses, a clinical pharmacist, a speech
and language therapist, trainees and a coordinator. Selected cases can also benefit from
input by Ear Nose and Throat (ENT) or gastrointestinal (Gl) specialists. The main outcome
for the patient is a holistic, consistent and tailored approach to manage their airways

disease
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6. What type of severe asthma does the patient have?

A key step is to identify the lower airway inflammatory phenotype. Lower airway pathology
is highly heterogeneous in patients with severe asthma3?. Type-2-high, eosinophilic airway
inflammation is mediated by the T2 cytokines IL-45, IL-543 and IL-1343" and easily
identified in clinic by increased levels blood or sputum eosinophils and FeNO'422, The use
of biomarkers of T2 airway inflammation (Table 3) as the treatment target has become a
key component of corticosteroid stewardship32. Indeed, it is important to identify patients
with T2-mediated disease who are at increased risk of asthma attacks and respond well to
anti-inflammatory treatment'. Conversely, presumed T2-low asthma should alert
clinicians to look for alternative causes for morbidity (e.g. airways infection33.34) and to de-
escalate corticosteroid therapy3%36. As oral corticosteroids suppress T2 inflammation3”,
guidelines suggest that one should presume that people on OCS are Type-T2--high;
however, it is reassuring to note that biomarker-guided de-escalation of OCS is safe and
may also unmask T2 status. With biomarker-guided treatment down-titration, a T2

phenotype becomes evident in up to 95% of patients with severe, uncontrolled asthmas3®,

The blood eosinophil count and FeNO (Figure 2) are the most practical and helpful

biomarkers to determine the lower airway inflammatory phenotype. While eosinophilic

inflammation can be observed with blood eosinophil counts as low as 0.15x10%L, T2

inflammation and exacerbations are generally increased with eosinophil counts
20.30%x10%L. Fheblood—eosinophil count-is—usually 20.3x10%Lin patients—with—active
eosinophilicairway-inflammation- Conversely, sputum eosinophilia is unlikely to be present

in patients with a blood count <0.15%10°/L, especially when FeNO is low (<25 ppb)3.

Raised blood eosinophil counts are also commonly seen in patients with atopic dermatitis

so the demonstration of eosinophilia is not a specific marker of T2 lower airway
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inflammation.:—this_These caveats illustrates the utility of FeNO measurement, which

localizes the problem to the airway?2.

Nitric oxide is produced by airway epithelial cells as a result of IL-13-induced induction of
nitric oxide synthase in the airway epithelium3®#' and is therefore a more specific marker

of type-2T2 airway inflammation.- Values above 25 ppb are indicative of T2 inflammation

and are considered significantly increased at levels 250ppb. FeNO may be influenced by

the level of — and adherence to — ICS, the presence of nasal polyposis (in which levels can

be high in the absence of asthma) and smoking (which reduces FeNO levels)\alues-are

absence of asthma)and smoking-(whichreduces FeNO-levels)*243, Although raised FeNO

is—strongly—associated—with—a—positiveresponsetypically responds to corticosteroids?3,

recent evidence shows that FeNO non-suppression in the context of high-intensity therapy

identifies corticosteroid-resistant T2 cytokine, chemokine, and alarmin-signaling in the

airway compartment?2. Furthermore, it has been observed in ICS-tapering trials that a

doubling of FeNO over 21 days increases the risk of uncontrolled asthma nearly three-

fold#4. Likewise, in the placebo arms of clinical trials for biologics, a raised baseline FeNO

(=50 vs <25) was associated with double the severe asthma attack rates for patients with

similar blood eosinophilia (20.30x109/L)**48, In effect, FeNO contributes a different yet

complementary information on the T2 inflammatory response; analogous to a magnet

(FeNO-related airway chemokines) pulling systemic effector cells (blood eosinophils) to

the airway compartment (Figure 2)2248. X

reduses-FelNOlevelsy*#5-The predictive value of these two biomarkers is associated with

12
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the intensity of the signal and is additive in regards to the identification of airway
eosinophilicT2 inflammation, 42238 the risk of severe asthma attacks*5—+8 and the likelihood

of a response to specific treatment+7:434248,

Confirming atopy with skin-prick testing or measurement of total IgE and allergen-specific
IgE may help support a diagnosis of atopic asthma and provide an argument for allergen
avoidance and omalizumab prescription in cases in which the allergy is felt to be the
dominant driver of the patient’s asthma. The panel of airborne allergens selected for
assessment should be refined according to local triggers but in general includes
Aspergillus fumigatus, house dust mite, seasonal tree/grass/weed pollens and any other

significant perennial allergens in the patient’s environment (e.g. pets).

Finally, sputum cultures are useful to assess for chronic airways infection, which is more
often present in neutrophilic, T2-low asthma3® and can predict response to macrolides
when Haemophilus influenzae is isolated34. Acid-fast bacilli sputum cultures should also
be ordered when planning for macrolide therapy®. It is noteworthy that increased sputum
production and purulence are not necessarily predictive of bacterial infection in severe
eosinophilic asthma®!, where bronchorrhea may respond to anti-inflammatory rather than

antibiotic therapy.
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7. Has imaging been reviewed?

Imaging is not routinely recommended in mild-moderate asthma®2, however, assuming
issues relating to poor inhaler adherence/technique have been excluded, it is important to
perform at least a chest X-ray and generally a high-resolution chest computed tomography
(CT). In the context of high levels of T2 inflammation this can identify features suggestive
of an additional eosinophilic lung disease, e.g.: allergic bronchopulmonary aspergillosis
(ABPA), eosinophilic granulomatosis with polyangiitis (EGPA), or chronic eosinophilic
pneumonia. Conversely, in the absence of significant T2 inflammation, evidence of chronic
airway infection and/or any non-asthma related pathology including tracheal or
parenchymal disease and bronchiectasis can be evident on imaging. In a current or ex-

smoker, it will identify any overlapping emphysema.

Chest CT imaging is also an important step if bronchoscopy is considered. Bronchoscopy
can identify other comorbidities including vocal cord dysfunction, laryngopharyngeal reflux,
fixed airway narrowing and airway infection. It also allows for bronchoalveolar lavage (BAL)
and / or endobronchial biopsy studies for evidence of eosinophilia and other inflammatory

cells.

Finally, we order a sinus CT in patients reporting symptoms suggestive of chronic
rhinosinusitis with nasal polyposis, i.e. facial congestion/pain, nasal obstruction, purulent
discharge, and/or hyposmia/anosmia lasting 12 weeks or longer®3. As the effects of high
intensity acid suppression therapy are disappointing®*, we do not routinely obtain detailed
Gl assessments for suspected comorbid gastroesophageal reflux disease; however
tailored barium swallow, esophagram and pH probe may uncover Gl comorbidities that

warrant further treatment in some circumstances

14
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8. Are further tests indicated?

Extra-pulmonary comorbidities are common in severe asthma and investigating an
extensive list of differential diagnoses does not necessarily improve outcomes.
Accordingly, we do not systematically order all the investigations listed in Table 4 but
assess the pretest probability and the likelihood that the test result will change our
management of the patient. Certainly, serious consideration should be given to flexible
laryngo-bronchoscopy in cases of suspected central airways disease (to eliminate fixed or
dynamic proximal airway obstruction); Strongyloides/parasite serologies and stool
examinations in patients having traveled to at-risk regions; and Aspergillus-specific
IgG/IgE plus anti-neutrophil cytoplasmic antibodies in cases of significant blood
eosinophilia. We order detailed hypereosinophilic syndrome work-up (FIP1L1/PDGFRA:
responds to imatinib) for cases with extreme hypereosinophilia (>5.0 x10°L), or

hypereosinophilia (1.5 x10%/L) with other suspect features®>.

Perhaps the only exception to the test-then-treat rule for comorbidities is the occasional
case in which eosinophilic granulomatosis with polyangiitis (EGPA) is seriously
entertained. In a high-risk clinical setting, we consider starting systemic corticosteroids
prior to receiving antibody results — which are positive in less than half of patients with
EGPA — and even prior to performing tissue biopsy, as untreated disease carries the risk

of serious morbidity (e.g. stroke with neurologic sequelae, cardiomyopathy)®e.

Corticosteroids have metabolic effects that should be investigated on a case-by-case
basis. Most patients experience one or more steroid-induced complication(s) such as
obesity, psychiatric disorders, hypertension, diabetes, hypercholesterolemia,
cardiovascular disease, adrenal insufficiency, osteoporosis, cataracts, glaucoma,
dyspeptic disorders, and sepsis/infection. These adverse effects are dose-related across

15
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the range of doses of prednisone used in asthma but can develop from as little as 4 short
courses of high dose steroids / year®” and they accumulate with time%859, Patients with
severe OCS-dependent asthma should be assessed formally as they may suffer from
significant morbidity when complications are not recognized and managed. We ensure that
glycosylated hemoglobin, blood pressure monitoring, bone density measurement and

ophthalmologist examination has been recently performed in these patients.

How we do it.

We work with and as a team. We have devised a standard pathway for patients that are
referred to our ‘special airways clinic’ (Figure 3). As the name implies, we avoid labels and
focus on the identification of relevant mechanisms, or treatable traits. Our MDT meeting
allows for a many-sided approach which expedites investigation and management plans.
The overbearing principle is that we identify and treat mechanisms rather than potentially
unrelated symptoms. We align treatment intensity according to disease severity, rather

than the other way around.

Case conclusion

Prior to our first encounter, the MDT reviewed the referral letter and asked for our
pharmacist to perform an adherence check, which confirmed a 100% treatment pickup
rate. On the day of the appointment, our nurse reviewed his inhaler technique (good),
obtained an ACQ score (3.2; over 1.5 is uncontrolled) and measured FeNO (high at 78
ppb). Spirometry confirmed reversible airflow limitation with moderate obstruction (post
bronchodilator FEV; 72% predicted; FEV4./FVC 0.62). Medical history and physical
examination suggested adult-onset severe asthma with comorbid chronic rhinosinusitis
and nasal polyposis. This gentleman recalls improvement in his wheezing, nasal

obstruction and anosmia within 24 hours to prednisone when he last had a course for an

16
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asthma attack implying that type-2 airway inflammation is likely to be the dominant
mechanism driving both his lower and upper airway disease. Further investigations
showed raised blood eosinophils (0.76x10° cells/L) and total IgE (364 kU/L), with a single
weakly positive specific-IgE (Aspergillus fumigatus). Current and previous Chest X-rays,

as well as a chest CT performed two years ago were reviewed and judged unremarkable.

After the clinic, the MDT reconvened. We discussed and agreed that this patient has T2-
high, severe, uncontrolled asthma despite good adherence to ICS. Although sensitized to
Aspergillus, his relatively low total IgE and imaging are against ABPA contributing to his
disease. He likely has recurrence of his nasal polyposis, and we have ordered a sinus CT,
optimized his nasal therapy and prescribed a standby rescue pack of prednisone 40 mg

p.o. x5 days.

At our next appointment we will review his sinus CT and any other outstanding

investigations and discuss further treatment options.

17
ScholarOne - http://mchelp.manuscriptcentral.com/gethelpnow/index.html - (434) 964-4100



Page 53 of 70

oNOYTULT D WN =

CHEST

References

18

Chung KF, Wenzel SE, Brozek JL, et al. International ERS/ATS guidelines on
definition, evaluation and treatment of severe asthma. Eur Respir J 2014;43(2):343—

373.

Hekking PPW, Wener RR, Amelink M, Zwinderman AH, Bouvy ML, Bel EH. The
prevalence of severe refractory asthma. J Allergy Clin Immunol 2015;135(4):896—

902.

Barnes PJ. Severe asthma: Advances in current management and future therapy. J

Allergy Clin Immunol 2012;129(1):48-59.

Aaron SD, Vandemheen KL, FitzGerald JM, et al. Reevaluation of diagnosis in adults

with physician-diagnosed asthma. JAMA - J Am Med Assoc 2017;317(3):269-279.

Selvanathan J, Aaron SD, Sykes JR, et al. Performance Characteristics of
Spirometry With Negative Bronchodilator Response and Methacholine Challenge

Testing and Implications for Asthma Diagnosis. Chest 2020;158(2):479-490.

Cockcroft DW. Direct challenge tests: Airway hyperresponsiveness in asthma: lIts

measurement and clinical significance. Chest. 2010;138(2 SUPPL.):18S-248S.

Bloom CI, Palmer T, Feary J, Quint JK, Cullinan P. Exacerbation patterns in adults
with Asthma in England A population-based study. Am J Respir Crit Care Med

2019;199(4):446-453.

Juniper EF, Svensson K, Moérk AC, Stahl E. Measurement properties and
interpretation of three shortened versions of the asthma control questionnaire.

Respir Med 2005;99(5):553-558.

ScholarOne - http://mchelp.manuscriptcentral.com/gethelpnow/index.html - (434) 964-4100



oNOYTULT D WN =

10.

11.

12.

13.

14.

15.

16.

17.

19

CHEST Page 54 of 70

Nathan RA, Sorkness CA, Kosinski M, et al. Development of the Asthma Control
Test: A survey for assessing asthma control. J Allergy Clin Immunol 2004;113(1):59—

65.

Schatz M, Kosinski M, Yarlas AS, Hanlon J, Watson ME, Jhingran P. The minimally

important difference of the Asthma Control Test. J Allergy Clin Immunol 2009;124(4).

Kavanagh J, Jackson DJ, Kent BD. Over-and under-diagnosis in asthma. Breathe

2019;15(1):20—e27.

Kavanagh J, Jackson DJ, Kent BD. Sleep and asthma. Curr. Opin. Pulm. Med.

2018;24(6):569-573.

Agusti A, Bel E, Thomas M, et al. Treatable traits: Toward precision medicine of

chronic airway diseases. Eur. Respir. J. 2016;47(2):410—419.

Pavord ID, Beasley R, Agusti A, et al. After asthma: redefining airways diseases.

Lancet. 2018;391(10118):350—400.

Couillard S, Connolly C, Borg C, Pavord |. Asthma in pregnancy: An update. Obstet

Med 2020;1753495X2096507.

Powell H, Murphy VE, Taylor DR, et al. Management of asthma in pregnancy guided
by measurement of fraction of exhaled nitric oxide: A double-blind, randomised

controlled trial. Lancet 2011;378(9795):983-990.

Chaudhuri R, Livingston E, McMahon AD, et al. Effects of smoking cessation on lung
function and airway inflammation in smokers with asthma. Am J Respir Crit Care

Med 2006;174(2):127-133.

ScholarOne - http://mchelp.manuscriptcentral.com/gethelpnow/index.html - (434) 964-4100



Page 55 of 70

oNOYTULT D WN =

18.

19.

20.

21.

22.

23.

24.

25.

26.

20

CHEST

DiMango E, Serebrisky D, Narula S, et al. Individualized Household Allergen
Intervention Lowers Allergen Level But Not Asthma Medication Use: A Randomized

Controlled Trial. J Allergy Clin Immunol Pract 2016;4(4):671-679.e4.

Beckett WS. Occupational Respiratory Diseases. N Engl J Med 2000;342(6):406—

413.

Cullinan P, Vandenplas O, Bernstein D. Assessment and Management of

Occupational Asthma. J Allergy Clin Immunol Pract 2020;8(10):3264—-3275.

Heaney LG, Horne R. Non-adherence in difficult asthma: Time to take it seriously.

Thorax 2012;67(3):268-270.

Couillard S, Shrimanker R, Chaudhuri R, et al. FeENO Non-Suppression Identifies
Corticosteroid-Resistant Type-2 Signaling in Severe Asthma. Am J Respir Crit Care

Med 2021;

Kharitonov SA, Yates DH, Barnes PJ. Inhaled glucocorticoids decrease nitric oxide
in exhaled air of asthmatic patients. Am J Respir Crit Care Med 1996;153(1):454—

457.

Heaney LG, Busby J, Bradding P, et al. Remotely monitored therapy and nitric oxide
suppression identifies nonadherence in severe asthma. Am J Respir Crit Care Med

2019;199(4):454-464.

Boddy CE, Naveed S, Craner M, Murphy AC, Siddiqui S, Bradding P. Clinical
Outcomes in People with Difficult-to-Control Asthma Using Electronic Monitoring to

Support Medication Adherence. J Allergy Clin Immunol Pract 2020;0(0).

Papi A, Corradi M, Pigeon-Francisco C, et al. Beclometasone-formoterol as

ScholarOne - http://mchelp.manuscriptcentral.com/gethelpnow/index.html - (434) 964-4100



oNOYTULT D WN =

27.

28.

29.

30.

31.

32.

33.

34.

21

CHEST Page 56 of 70

maintenance and reliever treatment in patients with asthma: A double-blind,

randomised controlled trial. Lancet Respir Med 2013;1(1):23-31.

Patel M, Pilcher J, Pritchard A, et al. Efficacy and safety of maintenance and reliever
combination budesonide-formoterol inhaler in patients with asthma at risk of severe

exacerbations: A randomised controlled trial. Lancet Respir Med 2013;1(1):32—-42.

Asthma UK. Real-world implementation of connected devices in the UK to reduce
asthma attacks [Internet]. 2017 |[cited 2020 Sep 27];Available from:
https://www.asthma.org.uk/591e6f4b/globalassets/get-involved/external-affairs-

campaigns/publications/smart-asthma/auk_smartasthma_feb2017.pdf

Gibeon D, Heaney LG, Brightling CE, et al. Dedicated severe asthma services

improve health-care use and quality of life. Chest 2015;148(4):870-876.

Haldar P, Pavord ID, Shaw DE, et al. Cluster analysis and clinical asthma

phenotypes. Am J Respir Crit Care Med 2008;178(3):218-224.

Woodruff PG, Modrek B, Choy DF, et al. T-helper type 2-driven inflammation defines

major subphenotypes of asthma. Am J Respir Crit Care Med 2009;180(5):388-395.

McBrien CN, Menzies-Gow A. Time to FOCUS on oral corticosteroid stewardship in

asthma management. Respirology 2019;24(4):304-305.

Taylor SL, Leong LEX, Choo JM, et al. Inflammatory phenotypes in patients with
severe asthma are associated with distinct airway microbiology. J Allergy Clin

Immunol 2018;141(1):94-103.e15.

Taylor SL, Ivey KL, Gibson PG, Simpson JL, Rogers GB. Airway abundance of

Haemophilus influenzae predicts response to azithromycin in adults with persistent

ScholarOne - http://mchelp.manuscriptcentral.com/gethelpnow/index.html - (434) 964-4100



Page 57 of 70

oNOYTULT D WN =

35.

36.

37.

38.

39.

40.

41.

22

CHEST

uncontrolled asthma. Eur Respir J 2020;2000194.

Pavord ID, Brightling CE, Woltmann G, Wardlaw AJ. Non-eosinophilic corticosteroid

unresponsive asthma. Lancet 1999;353(9171):2213-2214.

Heaney LG, Busby J, Hanratty CE, et al. Composite type-2 biomarker strategy
versus a symptom-risk-based algorithm to adjust corticosteroid dose in patients with
severe asthma: a multicentre, single-blind, parallel group, randomised controlled

trial. Lancet Respir Med 2021;9:57—-68.

Moran AMAM, Ramakrishnan S, Borg CACA, et al. Blood Eosinophil Depletion with
Mepolizumab, Benralizumab, and Prednisolone in Eosinophilic Asthma. Am J Respir

Crit Care Med 2020;202(9):1314-1316.

Lehtimaki L, Shrimanker R, Moran A, et al. P13 Exhaled nitric oxide and blood
eosinophil count in predicting sputum inflammatory type in a heterogeneous airways

disease population. In: Thorax. BMJ; 2019. p. A95.1-A95.

Alving K, Weitzberg E, Lundberg JM. Increased amount of nitric oxide in exhaled air

of asthmatics. Eur Respir J 1993;6(9):1368-1370.

Chibana K, Trudeau JB, Mustovitch AT, et al. IL-13 induced increases in nitrite levels
are primarily driven by increases in inducible nitric oxide synthase as compared with
effects on arginases in human primary bronchial epithelial cells. Clin Exp Allergy

2008;38(6):936—-946.

Suresh V, Mih JD, George SC. Measurement of IL-13-induced iNOS-derived gas
phase nitric oxide in human bronchial epithelial cells. Am J Respir Cell Mol Biol

2007:37(1):97-104.

ScholarOne - http://mchelp.manuscriptcentral.com/gethelpnow/index.html - (434) 964-4100



oNOYTULT D WN =

42.

43.

44,

45.

46.

47.

48.

49.

23

CHEST Page 58 of 70

Menzies-Gow A, Mansur AH, Brightling CE. Clinical utility of fractional exhaled nitric

oxide (FeNO) in severe asthma management. Eur Respir J 2020;1901633.

Dweik RA, Boggs PB, Erzurum SC, et al. An official ATS clinical practice guideline:
Interpretation of exhaled nitric oxide levels (FENO) for clinical applications. Am J

Respir Crit Care Med 2011;184(5):602—615.

Psallidas |, Backer V, Kuna P, et al. A phase 2a, double-blind, placebo-controlled
randomized trial of inhaled TLR9 agonist AZD1419 in asthma. Am J Respir Crit Care

Med 2021;203(3):296-306.

Kraft M, Brusselle G, Mark FitzGerald J, et al. Patient characteristics, biomarkers,

and exacerbation risk in severe, uncontrolled asthma. Eur Respir J 2021;

Busse W, Wenzel S, Bateman E, et al. Baseline FeNO as a Prognostic Biomarker
for Subsequent Severe Asthma Exacerbations in Patients With Uncontrolled,
Moderate-to-Severe Asthma Receiving Placebo in the LIBERTY ASTHMA QUEST

Study: A Post Hoc Analysis. Lancet Respir Med 2021; In Press.

Shrimanker R, Keene O, Hynes G, Wenzel S, Yancey S, Pavord ID. Prognostic and
predictive value of blood eosinophil count, fractional exhaled nitric oxide, and their
combination in severe asthma: A post hoc analysis. Am J Respir Crit Care Med

2019;200(10):1308-1312.

Couillard S, Laugerud A, Jabeen M, et al. Derivation of a prototype asthma attack
risk scale centred on blood eosinophils and exhaled nitric oxide. Thorax 2021;_In

Press.

Menzies-Gow A, Corren J, Bourdin A, et al. Tezepelumab in Adults and Adolescents

ScholarOne - http://mchelp.manuscriptcentral.com/gethelpnow/index.html - (434) 964-4100



Page 59 of 70

oNOYTULT D WN =

50.

51.

52.

53.

54.

55.

56.

57.

58.

24

CHEST

with Severe, Uncontrolled Asthma. N Engl J Med 2021;384(19):1800—1809.

Smith D, Rand | Du, Addy CL, et al. British Thoracic Society guideline for the use of
long-term macrolides in adults with respiratory disease. Thorax. 2020;75(5):370—

404.

Dunican EM, Elicker BM, Gierada DS, et al. Mucus plugs in patients with asthma

linked to eosinophilia and airflow obstruction. J Clin Invest 2018;128(3):997-1009.

Global Initiative for Asthma (GINA). Global Strategy for Asthma Management and

Prevention (2021 update) [Internet]. 2021. Available from: https://ginasthma.org/

Peters AT, Spector S, Hsu J, et al. Diagnosis and management of rhinosinusitis: A

practice parameter update. Ann Allergy, Asthma Immunol 2014;113(4):347-385.

American Lung Association Asthma Clinical Research Centers, Mastronarde JG,
Anthonisen NR, et al. Efficacy of Esomeprazole for Treatment of Poorly Controlled

Asthma. N Engl J Med 2009;360(15):1487-1499.

Klion AD. How i treat hypereosinophilic syndromes. Blood 2015;126(9):1069-1077.

Mouthon L, Dunogue B, Guillevin L. Diagnosis and classification of eosinophilic
granulomatosis with polyangiitis (formerly named Churg-Strauss syndrome). J

Autoimmun 2014;48-49:99-103.

Sullivan PW, Ghushchyan VH, Globe G, Schatz M. Oral corticosteroid exposure and
adverse effects in asthmatic patients. J Allergy Clin Immunol 2018;141(1):110-

116.e7.

Price D, Castro M, Bourdin A, Fucile S, Altman P. Short-course systemic

ScholarOne - http://mchelp.manuscriptcentral.com/gethelpnow/index.html - (434) 964-4100



oNOYTULT D WN =

59.

60.

61.

25

CHEST Page 60 of 70

corticosteroids in asthma: Striking the balance between efficacy and safety. Eur

Respir Rev 2020;29(155).

Bleecker ER, Menzies-Gow AN, Price DB, et al. Systematic literature review of
systemic corticosteroid use for asthma management. Am J Respir Crit Care Med

2020;201(3):276-293.

Wang W, Li Y, Lv Z, et al. Bronchial Allergen Challenge of Patients with Atopic
Asthma Triggers an Alarmin (IL-33, TSLP, and IL-25) Response in the Airways

Epithelium and Submucosa. J Immunol 2018;201(8):2221-2231.

Muehling LM, Heymann PW, Wright PW, et al. Human TH1 and TH2 cells targeting
rhinovirus and allergen coordinately promote allergic asthma. J Allergy Clin Immunol

2020;146(3):555-570.

ScholarOne - http://mchelp.manuscriptcentral.com/gethelpnow/index.html - (434) 964-4100



Page 61 of 70

oNOYTULT D WN =

CHEST

Figure legends

Figure1FIGURE 1

Symptoms and treatment intensity define difficult asthma and severe asthma, whereas
biomarkers of type-2 airway inflammation suggest the disease phenotype. There is an
acknowledged indeterminate zone between biomarker cut points for type-2 high and type-2
low. A severe asthma attack is defined by a burst of systemic corticosteroids for > 3 days.
ACQ = asthma-control questionnaire, ACT = asthma control test, Blood Eos = peripheral
blood eosinophil count (x10° cells/L), FeNO = fractional exhaled nitric oxide (ppb), Sputum

Eos = sputum eosinophils (%).

Figure 2FIGURE 2
Simple-tests-ofTranslating type-2 (T2) biomarkers in severe asthma: a two-compartment,

two-hit theory.airway-inflammation. Interleukin-({L)-4,1L.-5-and-{.-13-are pivotal cytokines
in—the-type-2-inflammatoryresponse—Fractional exhaled nitric oxide (FeNO) and the

peripheral blood eosinophil count provide mechanistic information from distinct immune

compartments: FeNO reflects airway type-2 activity and the chemotactic pull to the airway

compartment, whilst blood eosinophils reflect the systemic pool of available effector cells

and circulating interleukin (IL)-522. These biomarkers have additive value in predicting

severe asthma attacks in the control arm of clinical trials#°—48. Under this two-compartment-

two-hit model, a trigger (e.q. a virus or allergen) leads to a multiplicative event —the asthma

attack®809.61, |CS, inhaled corticosteroid, TARC, thymus activation requlated cytokine; TSLP,

thymic stromal lymphopoietin.Fractional-exhaled-nitric-oxide{FeNO)-and-peripheral-blood
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Figure 3FIGURE 3

A suggested algorithm for assessing and managing patients with severe asthma. * =
Adherence (e.g. = 75% prescription pick-up rate; see Table 2) is ideally assessed in every
new patient, but must certainly be confirmed prior to biological prescription; # = biomarker
high, i.e. blood eosinophil cell counts 20.315-x10° cells/per-L and/or fractional exhaled
nitric oxide 250-25 ppb; T = usually a combination of long-acting bronchodilator/low-dose
inhaled corticosteroid (ICS) plus a long-acting muscarinic, ACQ = asthma-control
questionnaire; IgE = immunoglobulin E; MART = maintenance and reliever therapy. ACQ

= asthma-control questionnaire; IgE = immunoglobulin E.
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1 TABLE 1: ‘Must be asked’ elements on clinical history in suspected severe asthma
g Etiology and contributing factors

4 Occupation and exposure history

Z Household pets, dusty or moldy environments

; Known allergies, associated symptoms + confirmatory testing

9 Aspirin/COX-1 inhibitor sensitivity

1(1) Smoking and vaping history

:g lllicit inhaled drug use: smoked, snorted or vaporized

14 Pregnancy

15 .

16 Psychosocial stressors

1573 Asthma & asthma attack history

19 Age of asthma onset, method of diagnosis

;? Previous intensive care / intubation for asthma

;g Number of asthma attacks requiring corticosteroids and/or hospital admissions

24 Number of lower respiratory tract infections requiring antibiotics

;2 Usual triggers and symptoms of attacks

;; Current asthma control (e.g. ACQ, ACT, or GINA control checklist)

29 Response to systemic corticosteroids: significant and prompt response suggests eosinophilic airway pathology
i? Current and previous asthma therapies

gg Current treatment regimen, including over-the-counter medications

34 Controller and reliever therapies felt to be helpful — pattern of use and response

22 Controller and reliever therapies felt to be unhelpful — previous treatment failures

;7; Barriers to treatment adherence

39 Vaccination history

40

41

42
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Comorbidity assessment

Cardiovascular and metabolic comorbidities; ischemic heart disease, diabetes, (...)
Common type-2-high comorbidities: especially nose, sinus and skin disease
Common type-2-unrelated comorbidities: anxiety/depression, recurrent chest infections, gastroesophageal reflux disease, (...)

Common respiratory red flags and/or symptoms of ‘asthma plus’ conditions: ABPA, CEP, EGPA, (...)

ABPA = allergic bronchopulmonary aspergillosis, ACQ = asthma control questionnaire, ACT = asthma control test,-CEP = chronic
eosinophilic pneumonia, EGPA = eosinophilic granulomatosis with polyangiitis, GINA = global initiative for asthma
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TABLE 2. Methods used to assess treatment adherence in severe asthma

Method Association with Logistics Comments

outcomes
Prescription Solid evidence that patients Simple in  most Does not assess treatment use directly. Accurate
records with low consumption of ICS health care information not always available.

do less well systems

Blood drug levels

Has not been associated
with clinical outcomes

Widely available

Only applicable for theophylline and prednisolone.
Undetectable prednisolone and / or normal serum cortisol
generally accepted as a reliable marker of non-adherence
to maintenance prednisolone.

FeNO suppression
test24,25

Significant suppression of
FeNO after 7 to 28-day
monitored ICS therapy is
associated with longer-term
response to supervised

treatment

Difficult to carry out
in most healthcare
systems

Some patients better understand the positive impact of ICS
treatment by seeing a measurable decrease in their airway
inflammation matching their clinical improvement.

Remote monitoring
of chipped inhaler
devices?8

Allows real-time monitoring
of adherence to asthma

treatments

May improve adherence
and decrease exacerbations

in research settings

‘Smart——Chipped
inhaler’ technology
varies with inhaler

type

Increasingly carried out in severe asthma clinics.
Technology and wireless communication capacities rapidly
evolving.

FeNO = fractional exhaled nitric oxide, ICS = inhaled corticosteroid.
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TABLE 3: Biomarkers of Type-2 Airway Inflammation

Association with

Biomarker Cut-offs treatment Comments
response
IgE Variable Anti-IgE IgE Ieve!s do not consistently predict clinical outcomes nor treatment
responsiveness
Corticosteroids
Blood ~ ¢, 153 AL Generally available, cheap, directly relates to asthma control and risk of
eosinophil 9 Anti-IL4Ra
x10° per L . asthma attacks
count Anti-IgE
Anti-TSLP
Sputum Corticosteroids
eosinophils 2= 2-3% Anti-IL-5 Not routinely available, tissue specific, time-consuming
Anti-IL4Ra
ICS : : : : . ,
FeNO 525 ppb Anti-IL-4Ra Quick, f:heap, non-lnvaswle., associated with |.ncreased risk of asthma
ANti-TSLP attacks; increases probability of ICS-responsiveness

FeNO = fractional exhaled nitric oxide, ICS = inhaled corticosteroid, Ig = immunoglobulin, IL = interleukin, R = receptor. TSLP =
thymic stromal lymphopoietin. Modified from Ref-reference 14.
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1 TABLE 4: Suspected contributing factors to severe asthma and their investigations

2 Suspected problem Possible investigation

2 Bronchiectasis,

5 emphysema, large airway  High-resolution chest CT (inspiratory and expiratory images) + bronchoscopy

6 pathology

; \ Chronic airways infection ~ Sputum cultures (x2), including for acid-fast bacilli; £ bronchoscopy

9 | Chronic rh|no§|nu3|tls with Sinus CT £ nasoendoscopy / ENT referral

10 nasal polyposis

1 Corticosteroid-induced Specific to target organ, but may include: glycosylated hemoglobin, blood pressure monitoring, 8
12 side effects a.m. cortisol, bone density measurement, ophthalmologist referral

12 Cystic fibrosis Sweat chloride * genetic testing

12 Eg;it;:gtlonal breathing Respiratory physiotherapy assessment

1; Dyspepsia, GERD* Gl referral for esophageal manometry, pH monitoring and/or endoscopy

19 Helminth infection Specific to travel history, but may include: stool microscopy exam for parasitic ova and larvae,
20 Stronglyoides and/or Schistosomiasis serology

;; :Igr?;rfrﬁzlgophlllc Hematology referral for cytogenetics (FIP1L1/PDGFRA) and/or further testing®

;i Immunodeficiency IgG, IgM, IgA + immunology referral

;2 ‘ Lnbdsl:;:L:t():[[ieolr?\ryngeal ENT / speech and language therapy with dynamic laryngoscopy

;Z; Obstructive sleep apnea or

29 other sleep disordered Sleep study

30 breathing

3; Unexplained Echocardiogram and full pulmonary function tests + CPET

33 breathlessness

34 \ Vasculitis Anti-neutrophil cytoplasmic antibodies + affected tissue (e.g. skin, nose, nerve or lung) biopsy
35 * In cases where dysfunctional breathing overlaps with persistent type-2 inflammation, the latter entity can be treated in
36 parallel; #Gastro-esophageal reflux disease (GERD) investigation and treatment is unlikely to result in improved

g; asthma control®¢. CF = cystic fibrosis, CPET = cardiopulmonary exercise testing, CT = computed tomography, ENT =
39 ear-nose-throat surgery, Ig = immunoglobulin, SALT = speech and language therapy.
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Severe Asthma
Asthma diagnosis

confirmed

+ Contributory factors

optimized:

* GINA Step 4-5
treatment

* Good inhaler
technique

* Good adherence

+ Uncontrolled Asthma

* Frequent (> 2) severe
asthma attacks in the
previous year

* ACQscore>1.5
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* Documented airflow
obstruction?

* Objective evidence of
eosinophilic / type 2
airway inflammation?

» Additional comorbidities?

Multidisciplinary clinical
evaluation:
* Medical history and

examination findings
Review current
medication and confirm

inhaler technique

* Assess adherence*

* Assess control (e.g.
ACQ)

* Assess steroid-related
morbidity

* Measure FeNO

» Perform spirometry

* Review current and
historical blood
eosinophils

* Review total IgE and
aeroallergen testing

* Review chest X-Ray / CT

Multidisciplinary team
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