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Chapter 1

GENERAL INTRODUCTION

Asthma is a heterogeneous airway disease with different phenotypes and variable clini-
cal manifestations 2. It is defined by a history of respiratory symptoms, including wheeze,
dyspnea, cough, chest tightness combined with confirmed variable expiratory airflow
limitation and often associated with airway hyperresponsiveness and chronic airway
inflammation3. Worldwide, the prevalence of asthma is estimated at approximately
300 million people*. The severity of asthma varies widely, with the majority of asthma
patients being classified as mild or moderate. For years, inhaled corticosteroids (ICS),
along with bronchodilators, have been the main treatment for asthma, significantly im-
proving mild disease and making it easy to live with asthma®®. However, it has also been
noted that there is a subgroup of patients in whom asthma remains difficult to control.
In these patients, a lack of control remains despite high dose inhaler therapy, due to
several factors, such as poor compliance, incorrect inhaler technique and untreated
or undertreated comorbidities”. A subset of these patients might eventually be eligible
for treatment with a biologic®. In The Netherlands, the prevalence of difficult-to-treat
asthma is estimated at 17.4% of all adults with asthma®. A smaller subset of patients,
about 4%, is classified with severe asthma®. These patients still experience poor asthma
control even with high-intensity treatment, good compliance, proper diagnosis, well
treated comorbidities and removal of possible triggers®. The inherent heterogeneity
and complexity of asthma makes it challenging to properly manage patients with diffi-
cult-to-treat and severe asthma.

TREATABLE TRAITS IN ASTHMA

A new approach in the management of asthma

Between 2015 and 2017 there was a turnaround in the classification and management
of chronic airway diseases, in particular in asthma and chronic obstructive airway
disease (COPD)™ *2, In the 19th and 20th centuries, the diagnostic labels asthma and
COPD were mainly based on physiological mechanisms** 4, However, this label does not
do justice to the currently known cellular and molecular mechanisms at play in asth-
ma and COPD?2. Moreover, extrapulmonary comorbidities, psychosocial, behavioural
and environmental factors leading to morbidity and mortality in patients with chronic
airway diseases were also not covered by these labels. So, a new approach to improve
the management of chronic airway diseases was introduced by an international task
force 12, Agusti and colleagues stated that “chronic airway diseases share biological
mechanism (i.e., endotypes), and present similar clinical, functional, imaging and/or
biological features that can be observed (i.e., phenotypes), which require individualised
treatment”. This new approach was called “a precision medicine strategy based on
the presence of treatable traits”. In which, precision medicine was defined as “treatments
targeted to the needs of individual patients on the basis of genetic, biomarker, phe-
notypic, or psychosocial characteristics that distinguish a given patient from other pa-
tients with similar clinical presentations”. With this, the “one size fits all” approach was
abandoned!> %Y |n the new paradigm of asthma management, treatable traits play a
key role. They are marked as modifiable factors that impact asthma symptoms and can
be targeted with treatment!* & 1% Treatable traits are, among other things, associated
with impaired quality of life in asthma patients!® *°. Furthermore, they are significantly
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related to an increased risk of exacerbations over time, subsequently leading to hospi-
talisations and increased healthcare costs?®. Thus, from all perspectives it seems to be
relevant to identify treatable traits in order to improve clinical outcomes in the individual
asthma patient and to reduce the overall burden of uncontrolled asthma.

Common and neglected treatable traits

Agusti and colleagues were the first to present a clear overview of treatable traits in air-
way disease. The traits are divided into three categories; pulmonary and extra-pulmo-
nary treatable traits and treatable behaviour/lifestyle risk factors!. In addition, specific
diagnostic criteria and expected treatment benefits in terms of symptoms, risk of exacer-
bations and prognosis were outlined by trait based on the current literature!!. As shown
in Figure 1.1, there are many treatable traits and most of them have already been ad-
dressed extensively in past research?.. For example, when it comes to asthma symp-
toms, a lot of research has been done on the effect of B2-symphatomimetics on
airflow limitation?? 2. Also, eosinophilic airway inflammation, an important biomarker
in asthma, has gained a prominent place on the list of treatable traits®* 2. In airway
bacterial colonisation and bronchiectasis, long-term macrolides, nebulised antibiotics
and vaccinations are indispensable®® 27, whereas speech pathology management and
gabapentin has gained ground in the treatment of cough reflex hypersensitivity 2% 2°.
Well-known extrapulmonary treatable traits that are often associated with uncontrolled
asthma are deconditioning, obesity, obstructive sleep apnoea syndrome, gastro-oeso-
phageal reflux disease, vocal cord dysfunction and psychiatric disorders!'. The last
category of traits are treatable behaviour/lifestyle risk factors. Unfortunately, poor

Figure 1.1 Identified treatable traits in asthma colored by domain
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Chapter 1

inhalation technique and adherence, ongoing smoking and exposure to allergens/pol-
lution are still common in asthma3°.

As mentioned above there are many treatable traits that are well covered. Yet, at the
start of our research on this topic, a number of traits emerged in patients with uncontrol-
led asthma that had not yet been properly addressed or were neglected. Firstly, the
presence of nasal polyposis in patients with asthma. To give a clear overview of what
was known about asthma and nasal polyposis at that time in 2017, we performed a
literature search and wrote a review article on this topic. Secondly, it was an unans-
wered question whether dynamic hyperinflation, possibly due to small airway disease,
played a role in moderate-to-severe asthma as was the case in COPD. In the category
treatable behaviour/lifestyle risk factors, inhaler device polypharmacy and adherence
to treatment are rightfully highlighted. However, medication overuse, particularly over-
use of oral corticosteroids (OCS) in asthma, was missing from the list of treatable traits.
Therefore, we investigated the prevalence of OCS overuse in asthma patients in the
Netherlands. So, by the identification of these common and neglected treatable traits,
we expected to gain essential insights, further unravelling asthma. In addition, the
added value of a systematic asthma assessment, taking into account several treatable
traits, was not yet known at that time. With a 1-day systematic multidisciplinary asses-
sment in our hospital, we had an excellent opportunity to evaluate the benefit of such
an asthma assessment.

SYSTEMATIC ASSESSMENT IN UNCONTROLLED ASTHMA

Patients with uncontrolled asthma report ongoing asthma symptoms, poor quality of life
and extensive healthcare use. Consequently, this subgroup of patients is responsible
for high healthcare costs®. Poorly controlled asthma can be caused by several treatable
traits32. Therefore, an extensive assessment addressing these traits is strongly recom-
mended. In patients with severe asthma®® 33, new expensive biologic treatments have
become available in recent years®. Thus, it is even more important to assess uncontrolled
asthma patients properly to know whether they have true severe asthma or whether there
are treatable traits that might have been overlooked?°,

Previous research has shown that by using a systematic protocol, co-morbidities could
be identified in more than 30% of patients with difficult-to-treat asthma3*. Remarkably,
T74% of asthma patients were no longer difficult to treat after using such a systematic
protocol®®. Many years later, the first prospective data from a UK registry showed that
management of patients with difficult-to-treat asthma at dedicated severe asthma centres
resulted in improvement in asthma control and quality of life along with a decrease in

healthcare utilisation and OCS use®¢. However, it remained challenging to translate a
systematic multidisciplinary approach to the daily clinical practice. At the start of my
research, in 2016, there were only a few assessment protocols available for patients
with uncontrolled asthma3* 3" 38, Therefore, the development of a practical systematic
asthma assessment could be helpful. To address this issue, we developed a systematic
multidisciplinary assessment in a 1-day visit programme for patients with uncontrolled
asthma. This assessment resulted in a personalised management plan carried out by
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their own referring pulmonologists, instead of concentrating asthma care in severe
asthma centres. However, the question remained whether such an approach indeed
would lead to better clinical outcomes in uncontrolled asthma patients as suggested
by previous research.

FOCUS ON NEGLECTED TREATABLE TRAITS IN ASTHMA

Chronic rhinosinusitis with nasal polyposis in asthma

One of the extra-pulmonary traits associated with asthma described by Agusti and
colleagues is upper airway diseases, including rhinosinusitis and vocal cord dysfunc-
tion*. Asthma and chronic rhinosinusitis (CRS) belong to the most prevalent chronic
medical conditions worldwide, with significant impact on patients’ quality of life and
healthcare costs®.

Epidemiological studies have shown that CRS is common in asthma patients with a
prevalence up to 60%% 4, Evidence of a relation between asthma and CRS has in-
creased since the concept of the “united airways” was introduced*?. This concept
describes the coexistence of upper and lower airway disease as a single entity, based
on their similarities in pathological characteristics**-%5. Certain histopathological data
demonstrate similar remodelling and inflammatory characteristics, such as T helper
(Th)-2 cell induction, interleukin (IL)-5 and IL-13 production, and eosinophilic infiltra-
tion*® 47, Epidemiological data have confirmed a link between asthma and CRS. Parti-
cularly, the subgroup of patients with CRS with nasal polyposis (CRSwWNP) is related
to asthma“*® %°, This is recognizable from the daily practice, where we are often con-
fronted with CRSwWNP in patients with asthma®® 5. The prevalence of CRSwWNP in
asthma ranges from 10-30% in mild asthma to 70-90% in severe asthma® %3, In parti-
cular, the group of patients with adult-onset non-atopic severe asthma and persistent
eosinophilic airway inflammation reveal increased nasal symptoms and CRSwWNP* %5,
In these patients the impact of CRSwWNP is significant, with frequent exacerbations,
reduced asthma control and poor quality of life5¢ 57,

Even with increasing evidence for a relationship between certain subgroups of asthma
and CRSwNP, the therapeutic implications were not yet clear at the time of the start
of our research. At that time, omalizumab (a monoclonal anti-immunoglobulin E (IgE)
antibody) demonstrated clinical efficacy in the treatment of nasal polyposis in pa-
tients with comorbid asthma®. There was also growing evidence that mepolizumab,
reslizumab (both anti-IL-5), benralizumab (anti-IL-5 receptor) and dupilumab (anti-IL-4/
IL-13) could be beneficial in severe asthma and nasal polyposis®-¢..

So, at the start of my research, much was still unclear about the link (and clinical rele-
vance) between CRSWNP and asthma, both from an otorhinolaryngologist’s point of
view as well as from a chest physician’s point of view. Therefore, there was a need for
an overview of data on prevalence, pathophysiology, impact on asthma control, clinical
assessment and treatment options regarding asthma and nasal polyposis from the chest
physician’s perspective.
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Dynamic hyperinflation in asthma

A subset of asthma patients present with symptoms more familiar in COPD. They report
exercise intolerance and limitations in daily life activities as the most prominent symp-
toms, with a major impact on their quality of life®2. Many factors may contribute to these
physical limitations in asthma, including psychological factors, respiratory muscle
strength, bronchoconstriction, but dynamic hyperinflation could also play a role®.

In normal lungs, passive exhalation will lead to a return to normal volume remaining in
the lung at the end of each breath (i.e., functional residual capacity). In patients with
obstructive airway disease, exhalation may not be finished by the time the next breath is
initiated, which leads to trapped air at end of exhalation. This is called hyperinflation.
The term dynamic hyperinflation refers to increased amounts of air trapped at the end
of each exhalation under conditions of greater minute ventilation (e.g., exercise) (see
Figure 1.2 )64 5,

Figure 1.2 Dynamic hyperinflation in obstructive lung disease
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Abbreviations: COPD: chronic obstructive pulmonary disease; FRC: functional residual capacity;
I: inspiration; E: expiration. From 2023 UptoDate; adapted from Tuxen®.

Dynamic hyperinflation is a well-known feature in COPD®® and strongly related to exertio-
nal dyspnoea and diminished daily physical activity®” . The question arises if dynamic
hyperinflation is present in asthma as well. Only a few small studies suggest that dyna-
mic hyperinflation is present in asthma. Mostly provoked in experimental settings by
methacholine or exercise it showed to be associated with dyspnoea and reduced
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exercise capacity®". In addition, dynamic hyperinflation might be especially relevant
in asthma patients with more severe disease. In patients with a history of near-fatal
asthma attack the degree of dynamic hyperinflation tended to be higher as compared
to patients without a near-fatal asthma attack™. Also, it has been shown that patients
with severe asthma develop dynamic hyperinflation during exercise to the same mag-
nitude as COPD patients™.

In COPD, dynamic hyperinflation occurs mainly due to abnormal lung mechanics caused
by decreased elastic recoil, loss of alveolar attachments and collapse of small airways ™.
In asthma, however, the mechanisms underlying dynamic hyperinflation appear to be dif-
ferent. Studies have shown that the degree of airtrapping was more prominent in adult-onset
asthma patients with systemic eosinophilic inflammation and in severe asthma patients
with higher levels of exhaled alveolar nitric oxide™ . These results suggest that airway
inflammation, particularly of the small airways, may contribute to reduced airway calibre
due to airway oedema, premature airway closure, air trapping and eventually dynamic
hyperinflation in patients with asthma”™"°. If ongoing airway inflammation has the po-
tential to contribute to dynamic hyperinflation, the question rises if anti-inflammatory
therapy could contribute to its reduction. Conceivably, inflammation of the small air-
ways cannot be adequately controlled with inhaled glucocorticoids and therefore sys-
temic anti-inflammatory therapy may be more suitable.

Oral corticosteroid overuse in asthma

Since 1949, corticosteroids have been used in the treatment of asthma with good ef-
fect on clinical outcomes 8°-8, Until 1973, OCS along with short-acting bronchodilators
including beta-2-agonists and anticholinergic agents were the only treatment for pa-
tients with asthma®. Since then, available ICS took ground in the treatment of asthma
and led to a decrease in OCS use in many patients® 8. Nowadays, OCS are mainly

Figure 1.3 Side effect oral corticosteroids
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prescribed as short OCS courses to treat acute exacerbations, as well as maintenance
OCS therapy in patients with severe asthma®-2°, OCS are known to effectively sup-
press airway inflammation, resulting in better asthma control, fewer exacerbations
and hospitalisations in uncontrolled asthma®. Despite their benefits, it soon became
apparent that OCS maintenance therapy® and even short OCS courses cause serious
long-term side effects and morbidity in asthma®-%". These adverse outcomes include
osteoporosis, cardiovascular disease, venous thromboembolism, infection, type 2 dia-
betes, obesity, peptic ulcers, adrenal insufficiency, ocular diseases and psychiatric dis-
orders (see Figure 1.3)%-%0, |n addition, OCS overuse is associated with increased non-
asthma-related healthcare use and costs, but above all it poses a significant burden to
asthma patients causing poorer quality of life and increased mortality*0-195,

Since 2003, the treatment of asthma has dramatically changed with the introduction
of the first biologic therapy for patient with severe asthma. Omalizumab (anti-IgE) sho-
wed a significant reduction in exacerbations in patients with severe allergic asthma 1,
but, unfortunately, did not reduce the need for chronic maintenance treatment with
OCS. Later on, other biologics targeting type 2 inflammation, characterised by cytoki-
nes IL-4, IL-5 and IL-13 and inflammatory cells such as Th-2 cells, type 2 innate lymphoid
cells and eosinophilic cells, became available for the treatment of severe asthma pa-
tients2. In 2015 mepolizumab (anti-IL-5), followed in recent years by three other bio-
logics; reslizumab (anti-IL-5), benralizumab (anti-IL-5 receptor) and dupilumab (anti-IL.-4/
IL-13) all demonstrated significant reductions in exacerbation rate and improvement in
asthma control'®1*2 |nterestingly, treatment with these new biologics not only resulted
in fewer OCS courses due to a reduction in exacerbations, but also showed a strong
OCS-sparing effect in patients on maintenance OCS therapy*3-1'6, This has led the
Global Initiative for Asthma (GINA) to recommend the use of OCS only as a last resort
in patients with severe asthma (step 5)°.

Nevertheless, OCS are still widely prescribed and many patients with asthma are expo-
sed to potentially toxic cumulative doses" 20, However, patients are entitled to good
asthma care, which includes avoiding unnecessary exposure to OCS® 1?1, Moreover,
the Severe Heterogeneous Asthma Research collaboration, Patient-centred (SHARP)
has listed unnecessary OCS use as one of its key missions'?2. This underlines the
urgent need for targeted interventions to prevent OCS overuse. In order to reduce in-
appropriate OCS prescribing behaviour, it is important to know the prevalence of
frequent OCS use in patients with asthma, the adequacy of ICS treatment in these pa-
tients and the involvement of specialists and general practitioners in OCS prescriptions.
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RESEARCH QUESTIONS OF THE THESIS

As outlined above, various research questions regarding treatable traits in adult asthma
remain unanswered. This thesis will focus on several key questions regarding both com-
mon and neglected treatable traits in adult asthma, namely the practical implementation
and benefits of a systematic approach of treatable traits in uncontrolled asthma patients,
the emerging relationship between asthma and nasal polyposis and dynamic hyperin-
flation and OCS overuse as a possible new target for the treatment of adult asthma.

The following research questions were formulated:

1. Does a 1-day systematic multidisciplinary assessment in a specialised severe asthma
centre lead to better outcome of asthma control, quality of life and healthcare use in
patients with uncontrolled asthma after 1 year? (Chapter 2)

2. What is the relationship between asthma and nasal polyposis from a chest physician’s
perspective? In more detail, what is the current knowledge about the epidemiology,
pathophysiology, effect on asthma outcomes, clinical assessment and treatment
options of nasal polyposis in asthma? (Chapter 3)

3. What is the prevalence of dynamic hyperinflation in moderate to severe asthma
patients, and what is the relationship between the degree of dynamic hyperinflation
and severity of respiratory symptoms and limitations in daily life activities in these
patients? (Chapter 4)

4. What is the effect of the treatment with systemic glucocorticoids on the degree of
dynamic hyperinflation in moderate to severe asthma patients, and what is the rela-
tionship between inflammatory markers and the change in dynamic hyperinflation?
(Chapter 5)

5. What is the proportion of patients with asthma in the Netherlands who are exposed
to high doses of OCS, are these patients treated with adequate doses of ICS and
are they seen regularly by an asthma specialist for adjustment and optimization of
their asthma therapy? (Chapter 6)

17
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Chapter 2

ABSTRACT

Introduction

Patients with uncontrolled asthma report ongoing symptoms, poor quality-of-life and
extensive healthcare use and might benefit from management by a specialised severe
asthma team. It is unknown whether a one-time evaluation by asthma experts, without
long-term supervision by a specialised team, provides favourable outcomes. We eva-
luated asthma control (ACQ), quality-of-life (AQLQ) and healthcare use (HCU) before
and 1 year after a one-day-visit program in a severe asthma centre, including a multi-
disciplinary assessment resulting in a personalised management plan to be implemeted
by patients own pulmonologists.

Methods
40 uncontrolled asthma patients completed questionnaires (ACQ, AQLQ, HCU) at
baseline, and 6 and 12 months follow-up.

Results

ACQ improved from 2.6 (IQR 1.7-3.2) to 1.8 (1.2-3.2) (p=0.003) and AQLQ from 4.8
(4.0-5.2) to 5.3 (4.4-6.0) (p<0.001). We found a reduction in patients with =2 exacer-
bations (95% versus 17%, p<0.001), =1 ER visits (78% versus 37%, p<0.001) and =1
hospitalisations (47% versus 10%, p=0.001).

Conclusion

Evaluation of uncontrolled asthma patients in a one-day-visit program in a severe
asthma centre resulted in significant improvements in asthma control, quality-of-life and
healthcare use after 1 year. This one-day-visit approach seems beneficial for uncon-
trolled asthma patients and might reduce their dependence on expensive treatment
modalities and long-term management in specialised centres.



A 1-day-visit in a severe asthma centre

INTRODUCTION

The majority of asthma patients can be adequately treated with inhaled corticosteroids
(ICS) and bronchodilators. However, a significant subset of patients remains difficult to
treat!. These patients report ongoing asthma symptoms, poor quality of life and exten-
sive healthcare use (HCU) despite maximal treatment. This subgroup of patients is
responsible for high direct and indirect healthcare costs and poses a major healthcare
problem?.

Poor control in these patients might be due to several factors, including incorrect diag-
nosis, poor adherence, undertreated asthma triggers and co-morbidities and psycho-
social problems3. Only patients who, after an extensive assessment addressing these
issues, still need high-intensity inhaled treatment or systemic corticosteroids to prevent
their asthma from becoming uncontrolled or who remain uncontrolled despite this
therapy should be labelled as “severe refractory” asthma patients, and are candidate
for novel therapeutic approaches® 4. Therefore, in patients presenting with chronic
severe asthma symptoms, a systematic approach, preferably multidisciplinar®, is recom-
mended by all international severe asthma guidelines®-8.

Previous studies have shown that a standardised evaluation protocol helped to identify®
and treat comorbidities and triggering factors in patients with uncontrolled asthma and
that, following such a systematic assessment, more than 50% were no longer difficult
to treat!® !l Recently, prospective data from a UK registry showed that management of
patients with difficult asthma at dedicated severe asthma centres resulted in improve-
ment in quality of life (QoL) and HCU?*. So far, it is not known whether it is possible to
achieve favourable results with a single extensive assessment in a specialised severe
asthma centre and subsequent referral of patients to their own general pulmonologists.

In the present study, we evaluated asthma control, QoL and HCU in patients with un-
controlled asthma before and 1 year after a 1-day visit programme in a specialised
severe asthma centre, which included a systematic multidisciplinary assessment re-
sulting in a personalised management plan to be implemented by patients” own pul-
monologists. In addition, we analysed whether specific characteristics could predict
a better outcome.

METHODS

In 2013, in our specialised severe asthma centre, a 1-day visit programme was initiated
for the evaluation of patients with uncontrolled asthma by a multidisciplinary team, in-
cluding pulmonologists, physiotherapists, clinical psychologist and specialised asthma
nurses. Patients were systematically evaluated with particular attention to the confir-
mation of asthma diagnosis and the presence of contributing factors and comorbidities.
Based on clinical and inflammatory parameters, an initial determination of asthma
phenotype was made. Findings were discussed in the multidisciplinary team and a per-
sonalised management plan aiming to improve asthma outcomes was provided to the
patient and referring pulmonologist. All patients were referred back to their own pul-
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monologist, sometimes after an optimisation period of up to 6 months. Only the small
subset of patients who were eligible for treatment which was not available in their own
hospital remained for follow up in our centre. Detailed information on the 1-day-visit
programme as well as our report back to the referring pulmonologist (assessment and
stepwise management plan) is described in the supplementary material.

In this prospective observational cohort study, we included adult non-smoking patients
with uncontrolled asthma referred by pulmonologists from several hospitals in the
Netherlands between June 2013 and June 2014. Six and 12 months after the assess-
ment patients were asked to complete questionnaires on asthma control, QoL, predni-
solone use and HCU. The study was approved by the hospital medical ethics committee,
and all patients gave their written informed consent. The cohort was registered in The
Netherlands trial register: NTR5522.

All patients underwent an extensive clinical, functional and laboratory assessment?.
Data on demographics, medical history, smoking history, body mass index, comorbi-
dities, psychological functioning and potential contributing factors, as well as medi-
cation use (adherence and inhalation technique) were collected. Peripheral blood cell
counts were measured and expressed as absolute numbers. Atopic status was assess-
ed by total and specific IgE to a panel of common aeroallergens. Lung function testing
included spirometry before and after 400 pg inhaled salbutamol®. High-resolution
computed tomography of the thorax, computed tomography of the sinuses and ear,
nose and throat evaluation data from referring pulmonologist were used in the assess-
ment and whenever indicated performed (again). 6-min walking distance (6MWD)# 15
was assessed according to American Thoracic Society criteria®®. Airway inflammation
was assessed by the level of exhaled nitric oxide (FeNO)Y and cell differentials in
induced sputum?®,

Patients completed the Asthma Quality of Life Questionnaire (AQLQ)*, the Asthma
Control Questionnaire (ACQ)?° and a questionnaire on HCU? at baseline as well as at
6 and 12 months afterwards.

Patients were considered adherent if the Medication Adherence Report Scale (MARS)
score was =4.02? and ICS prescription filling was =80%23. Prescription refill rates were
calculated from prescription records for a 12-month time period. Exacerbations were
defined as episodes with worsening of asthma symptoms, requiring prednisolone
bursts or doubling oral corticosteroids (OCS) maintenance dose. Patients were phe-
notypically divided into non-eosinophilic, early onset atopic or late-onset eosinophilic
subtypes. We labelled patients as non-eosinophilic if they had blood eosinophils
<0.3x10° cells/L and FeNO <25 ppb and, if available, sputum eosinophils <3% both at
baseline assessment as well as in all measurements in the previous year. If they had blood
eosinophils 20.3x10° cells/L or FeNO >50 ppb or sputum eosinophils 23% they were
considered eosinophilic subtypes?*. Early onset was defined as start of asthma at age <18
years and late onset at 218 years. Positive atopic status was defined as a score of >0.35
kU/L for at least one of the specific IgE tested.
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Statistical analysis

Baseline measurements were compared with follow-up measurements using Wilcoxon
matched pairs testing or Chi-squared analyses, whenever appropriate. Spearman rank
correlation coefficients were used to analyse the relationship between outcome variables
and baseline variables. All analyses were performed using SPSS software, version 20
(IBM, Armonk, NY, USA).

RESULTS

In the first year of this 1-day visit programme, 47 patients with uncontrolled asthma
completed the systematic assessment in which 51% classified as severe asthma and
40% as difficult-to-treat asthma*. In 9%, the diagnosis of asthma could not be confirmed.
40 (85%) patients had 6 and 12 months’ follow up data available and were eligible for
entry in this study. Based on the previously described phenotype criteria, 35% of these
patients were considered as early onset atopic asthma, 45% as late-onset eosinophilic
asthma, 15% as non-eosinophilic asthma and 5% could not be classified. 15 patients
were considered eligible for omalizumab treatment, 10 as first step therapy, five as
second step to start when still uncontrolled after optimisation of contributing factors.
Three of these first 10 patients already had been treated with omalizumab by their
own pulmonologist, but had discontinued it due to adverse events or lack of efficacy.
After the assessment, 83% of the patients returned to their own pulmonologist pro-
vided with a personalised management plan and only seven patients remained for
follow up in our centre (five anti-interleukin 5 trial, two anti-immunoglobulin E treatment).

Baseline characteristics

Patients were aged between 22 and 72 years and showed a female predominance with
52% of them being non-atopic and 63% reporting an adult onset of their asthma (table
2.1). Patients used high doses of inhaled steroids (ICS) and 28% of the patients were
on daily OCS. Prescription filling analysis showed that 58.6% of the patients were
adherent to their high-dose ICS with a prescription filling rate of 280%. An additional
diagnosis potentially contributing to poor asthma control was found in the majority
of patients, with chronic rhinosinusitis and dysfunctional breathing being the most
prevalent. Adequate sputum samples were obtained in 58% of the patients, of which 74%
showed elevated sputum eosinophils (23%) despite high-dose treatment.
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Table 2.1 Baseline characteristics

Total group

Patients n 40
Male sex 14 (35)
Age years 51+13
BMI kg/m 29+7
Smoking history pack-years 1.0 (0-9.3)
OCS dependent 11 (28)
Fluticasone equivalent ICS dose pg 750 (500-1000)
Atopic status 19 (48)
Adult-onset asthma 25 (63)
Adherence ICS % 82 (38-104)
Inhaler technique, poor/moderate %

Poor 5

Moderate 27
Self-management, poor/moderate %

Poor 5

Moderate 38
Potentially contributing diagnoses

Rhinosinusitis 24 (60)

Gastro-oesophageal reflux 13 (33)

OSAS 9 (23)

Obesity 12 (30)

Dysfunctional breathing 19 (48)

Psychological dysfunction 12 (30)
Post-bronchodilator FEV1 % pred 80+ 20
6-MWD m 488 + 108
6-MWD % pred 84 +19
FeNO ppb 38 (17-68)
Blood eosinophils x 10%/L? 0.2 (0.1-0.6)
Blood neutrophils x 10°/L* 5.7 (3.9-6.8)
Total IgE kU/L? 129 (46-395)
Sputum eosinophils % 16 (0.8-32)
Sputum neutrophils % 45 (23-64)

Data are presented as n (%), mean+SD or median (interquartile range), unless otherwise stated.
BMI: body mass index; OCS: oral corticosteroids; ICS: inhaled corticosteroids; OSAS: obstructive
sleep apnoea syndrome; FEV:: forced expiratory volume in 1 s; % pred: percentage of predicted
value; 6MWD: 6 min walking distance; FeNO: exhaled fraction of nitric oxide; ppb: parts per billion;

Ig: immunoglobulin.
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Effects on asthma control, QoL, OCS dose and HCU

Asthma control as assessed by ACQ score improved from 2.6 (interquartile range
1.7-3.2) at baseline to 1.9 (1.0-2.9) at 6 months and 1.8 (1.2-3.2) at 1 year. (p=0.003)
(figure 2.1). 53% of patients had a clinical relevant improvement of ACQ of >0.5 point at
1 year. In addition, the Juniper AQLQ total score improved from 4.8 (4.0-5.2) at base-
line to 5.4 (4.8-5.9) at 6 months and 5.3 (4.4-6.0) at 1 year. (p<0.001) (figure 2.2).

Though there were obvious changes in individual prednisolone dose (figure 2.3), for
the total group, we found no differences in the dose taken at follow up compared
with baseline (0 mg (0-5) versus 0 mg (0-5); p=0.7), or in the proportion of patients
dependent on daily OCS (28% versus 35%; p=0.4). At 1 year follow-up, 15% of patients
were treated with omalizumab whereas 13% were participating in an anti-IL5 trial.

With respect to HCU, at 1 year follow up, the number of asthma-related visits and hos-
pital admissions was significantly reduced (table 2.2). There was a significant decrease
in patients who reported frequent (=2) exacerbations (95% versus 17%; p<0.001), =1
emergency room visit (78% versus 37%; p<0.001), or =1 hospital admission in the
previous year (47% versus 10%; p=0.001) compared with baseline. These 40 patients
together accounted for a total number of 197 asthma exacerbations, 165 emergency
room visits and 53 hospital admissions in the year preceding the 1-day visit, which had
reduced to 39, 21 and 4, respectively in the year following the assessment.

Table 2.2 Healthcare use before and after a one-day-visit program in a specialised severe asthma centre

During preceding year Baseline 1 year p-value
Asthma related GP visits 3(2-7) 1(0-3) 0.001
Pulmonologist visits 4 (3-8) 3 (2-4) 0.005
Exacerbations 4.5 (2-7) 1 (0-3) <0.001
Emergency room visits 3(1-6) 0.5 (0-2) <0.001
Hospital admissions 0 (0-2) 0 (0-0) <0.001

Data are presented as median (interquartile range). GP: general practitioner.

31



Chapter 2

Figure 2.1. Asthma Control Questionnaire (ACQ) scores at baseline assessment (O months) and 6
and 12 months follow-up in 40 patients with uncontrolled asthma

4- p=0.003

p<0.001

ACQ score

0 r :
0 6 12
Follow-up months

Data are presented as median (interquartile range). A0.5: difference of 20.5 indicating a clinically
significant improvement in asthma control.

Figure 2.2. Asthma-related Quality of Life Questionnaire (AQLQ) scores at baseline assessment
(0 months) and 6 and 12 months follow-up in 40 patients with uncontrolled asthma

7 p<0.001
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AQLQ total score
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Data are presented as median (interquartile range).
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Figure 2.3. Changes in prednisolone dose at baseline assessment and 12 months follow-up
in 40 patients with uncontrolled asthma
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Predictors of asthma outcomes

Asthma outcomes (improvement in ACQ or AQLQ, reduction in numbers of exacerba-
tions, emergency room visits or hospital admissions) were not dependent on sex, smo-
king history or whether patients were referred back to their own pulmonologist or not.
Patients labelled as early onset atopic asthma, late-onset eosinophilic asthma and
non-eosinophilic asthma all showed comparable beneficial effects after 1 year. A larger
improvement in ACQ was seen in patients with higher 6MWD (r=-0.40, p=0.01), lower
body mass index (r=0.34, p=0.03) and higher levels of sputum eosinophils (r=-0.41,
p=0.05) at baseline. In addition, the reduction in exacerbations was related to higher
baseline levels of FeNO (r=-0.34, p=0.03) and eosinophils in blood (r=-0.32, p=0.04)
as well as in sputum (r=-0.43, p=0.04).

DISCUSSION

In the present study, we show that patients with uncontrolled asthma benefit from a
single extensive assessment in a specialised severe asthma centre, with a significant
and clinically relevant improvement in asthma control, quality of life and HCU after 1 year.
In the current 1-day visit programme, patients were systematically evaluated by a multi-
dissciplinary team, referred back to their own pulmonologists and provided with a perso-
nalised management plan. Compared with the year preceding the assessment, the
number of exacerbations, emergency room visits and hospital admissions was reduced
by 54%, 57% and 43%, respectively in the 12 months’ follow up. Asthma outcomes
were not dependent on sex, smoking history or phenotype. The greatest improvements
in asthma control and exacerbation frequency were seen in the patients with higher
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baseline sputum eosinophils. These results suggest that a single short-term extensive
characterisation in a specialised severe asthma centre is beneficial and might be cost
effective for a large group of patients with uncontrolled asthma.

In our study, we evaluated the effect of characterising patients with uncontrolled asthma
by a dedicated severe asthma team and observed rather impressive improvements in
asthma outcomes that persisted long after the patients were referred back to their own
pulmonologists. A recent UK registry study*? showed that management of severe asthma
patients in specialised severe asthma centres was associated with improvement in
asthma control, QoL and HCU, but data about how long patients visited these clinics
and were managed by a specialised team were not mentioned. The present study large-
ly confirmed their results with even more favourable effects on exacerbation and ad-
mission rates; although we found no change in daily dose of prednisolone. Our results
further highlight that all phenotypes appear to benefit, with the most positive effects
for patients with eosinophilic airway inflammation at baseline. The presented standar-
dised 1-day visit approach adds a new component that hopefully contributes to a wider
application of the comprehensive characterisation of patients with uncontrolled asthma
by a specialised team.

The strength of this study lies in the extensive and validated description of all relevant
patient characteristics, including questionnaires, allergy testing, spirometry, induced
sputum and blood cell counts, psychological evaluation and 6MWD. This comprehensive
systematic characterisation by a dedicated team using pre-established criteria and
definitions reduces the risk of bias due to non-standardised approaches and diverse
interpretations by different healthcare professionals.

We acknowledge there are several limitations in our study. Firstly, the classification of
patients as difficult-to-treat or severe asthma. In our programme, we labelled 51% of the
patients as severe asthma without having a 3-month follow-up period in our specialised
centre, as has been recommended in guidelines®. This period is mainly recommended
to evaluate the patients regarding appropriate diagnosis and/or treatment of confoun-
ders. In our setting, all patients were followed for several years by a pulmonologist who
had already performed this evaluation to a greater or lesser extent. After our 1-day-visit
programme, only the patients with confirmed asthma diagnosis, uncontrolled disease
despite high doses of medication, good adherence and inhalation technique, and opti-
mised comorbid factors/confounders were considered as severe asthma. All others were
labeled as difficult asthma, for the time being, and treated for the observed potentially
contributing factors. After addressing these factors we still expect some of these patients
to come out as truly severe asthma patients. Secondly, the data on HCU are based
on self-report, and may be influenced by recall bias. Recall of HCU data in respiratory
patients is fairly reliable for hospitalisations and visits to pulmonologists?s, whereas for
emergency room visits, a bias towards under-reporting has been suggested, particular
at higher numbers of visits?®. Although depending on the objective of the analysis, the
chosen recall period may be more or less optimal?’, we expect a possible recall bias
mainly to underestimate the dimension of the problem and not to explain the large dif-
ferences in HCU we observed in the two periods. Thirdly, there are not currently widely
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accepted definitions of specific asthma phenotypes. In the present study, we found
no differences in asthma outcomes between the three phenotypes we defined, but
we cannot rule out that adjustment of the criteria for distinct phenotypes could lead
to different results. Finally, the absence of a control group is obvious. Improvements
in quality of life could be attributed to the fact that patients received more attention
and additional tests from different healthcare providers, but it is doubtful whether this
may be responsible for the improvements after 1 year. Though we strongly believe
that the given insight into their thus far uncontrollable disease contributes to patients’
well-being and might have improved their adherence to therapy, we don’t expect a
placebo effect to explain the beneficial effects measured long after the patients were
discharged from our centre.

What other reasons might explain the significant improvements in asthma control, QoL
and HCU? The recommendations given in the personalised management plans encom-
passed various interventions, varying from optimising triggering and comorbid fac-
tors® 10, improving inhalation technique and adherence?®, increasing physical or psy-
chological functioning to changes in asthma medication. Following our assessment,
seven patients started omalizumab treatment and five patients participated in a place-
bo-controlled trial with mepolizumab, both drugs that are associated with reduction
in exacerbation frequency and improvement in QolL2% 3%, For patients who were not
eligible for these biologicals, beneficial effects might further be attributed to the phe-
notype-specific approach, in which the presence or absence of eosinophilic inflam-
mation played a crucial role3!. Without evidence for eosinophilic inflammation at time
of assessment or in the preceding years it was strongly advocated to taper the, in some
cases very high, doses of oral and inhaled corticosteroids. Alternatively, patients with
eosinophilic inflammation despite extensive treatment were encouraged to start or in-
crease prednisolone as maintenance therapy, pending the availability of new biologicals.
This approach of “giving prednisolone to the right patients” as reflected in figure 2.3,
might have contributed to the better outcomes even though the mean prednisolone
dose did not change. The finding that exacerbation frequency was most reduced in
patients with more active eosinophilic inflammation further supports our phenotype-
specific eosinophil-driven treatment.

The present findings are clinically relevant for the management of patients with uncon-
trolled asthma. Anticipating several novel molecular therapies we face the challenge
to limit the costs of uncontrolled asthma treatment by making these expensive drugs
available only for patients with truly severe asthma. We show that a comprehensive
characterisation of patients with uncontrolled asthma by a specialised team is very suc-
cessful in improving the condition of a majority of patients, thereby reducing the need
for new expensive therapies. More important, our study showed that these favourable
results were achieved by a single short-term assessment in a severe asthma centre,
even though the implementation of the recommended personalised management plan
was not supervised by severe asthma specialists. Assessments using a 1-day visit pro-
gramme may facilitate the evaluation of uncontrolled patients by a specialised team,
both by reduction of travel distances for patients, as well as by limiting time investment
of severe asthma specialists. The costs of such a 1-day visit programme seem justified
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in view of the anticipated reduced use of expensive asthma drugs and the observed
benefits in terms of healthcare use, asthma control and quality of life.

In conclusion, in the present prospective study patients with uncontrolled asthma who
were systematically evaluated by a 1-day visit programme in a specialised severe asthma
centre showed a significant and clinically relevant improvement in asthma control, QoL
and HCU lasting up to 12 months. These results suggest that a single visit with exten-
sive characterisation in a dedicated severe asthma centre is beneficial and sufficient
for a large group of patients with uncontrolled asthma, thereby reducing the number
of patients that depend on expensive treatment modalities and continuous manage-
ment in a specialised centre.
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ONE-DAY-VISIT PROGRAM IN DETAIL

Information requested at referral

1.
. Asthma-related medical correspondence of the last five years, including ENT

2

Referral letter

correspondence, CT-sinus and HRCT.

. Lung function:

a. All LF data of the last 3 years, including FeNO
b. Results methacholine/histamine provocation test ever

. Laboratory: Results on total IgE, leucocytes, cell differential, RAST or skin prick

test of the last 2 years

At home completed questionnaires (1 day before visit)

N0 A WN R

. Patients own questions and expectations

. Asthma control questionnaire (ACQ)*

. Asthma quality of life questionnaire (AQLQ)?

. Healthcare use questionnaire (HCU)?

. Nijmegen hyperventilation questionnaire*

. 4 dimensional symptom questionnaire (4DSQ)°

Medication list

Intake specialised asthma nurse

1.
. Check at home completed questionnaires

. Check medication list

. Check inhalation technique

. Assessment of compliance (ICS prescription filling = 80% in previous 12 months®

(G2 ROV \V)

(02}

Welcome and introduction

and MARS questionnaire”)

. Evaluate smoking history, smoke exposure at home or work

Assessment level of self-management

Lung function department

1.
2.
3.
4.

Length and weight

Exhaled NO®

Spirometry before and after 400 mcg Salbutamol ®
Sputum induction?®

Laboratory

1.
2.

Leucocytes and cell differential
Total IgE, RAST, specific IgEs including aspergillus
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Intake pulmonologist
1. Medical history, general and asthma (using referral information) and current
symptoms
2. Confirm asthma diagnosis: symptoms compatible with asthma combined
with at least one of the following (previously or at intake) 1!
a. Reversibility in FEV, after 400 mcg salbutamol (=12% predicted and > 200 ml)
b. Airway hyperresponsiveness to methacholine/histamine (PC20< 9.8/8 mg/ml)
c. Decrease of FEV, >12% predicted at tapering of asthma medication

3. Consider alternative or overlapping diagnoses

4. Check high intensity treatment: =1000 mcg/day fluticasone equivalent +
LABA or other controller, with or without OCS

5. Check whether asthma is uncontrolled: =1 out of 2

a.ACQ =15
b.> 2 exacerbations previous year

Or asthma only controlled with maintenance systemic steroids
6. Check ongoing exposition to allergens or other triggering factors
Check medication potentially worsening asthma
8. Check comorbidities (rhinosinusitis/nasal polyps, GER, obesity, OSAS, vocal cord
dysfunction/dysfunctional breathing) by questioning and using referral information
9. Check side effects asthma medication

~

Intake physiotherapist

1. Assessment of daily activity level

2. Evaluate previous programs rehabilitation / breathing technique

3. 6-minute walking test®?

4. Likelihood of hyperventilation/dysfunctional breathing (questionnaire and obser
vation)

Intake clinical psychologist

1. Psychosocial factors potentially contributing to poor control

2. Distress, depression, anxiety, somatisation (4DSQ) or other psychological factors
contributing to poor control

3. Coping

Multidisciplinary team discussion

1. Truly asthma?

2. Uncontrolled despite high intensity treatment? Or controlled with daily OCS
3. Contributing factors/comorbidities
4

. Initial determination of asthma phenotype (based on age at onset, atopic status
and presence/absence of eosinophilic inflammation)

o1

. Patients own questions/expectations
Personalised management plan (for details see online supplementary 2)

o
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Final extensive explanatory session with the patient (by pulmonologist), focusing on
1. Is it truly/only asthma?
2. Which factors might contribute to poor control?
What can be done regarding these factors
. What subtype of asthma? Explanation and specific advices for this subtype
. Summary of advices for patient and referring doctor
. Patients own questions/expectations answered?
. Referral back to own pulmonologist

o O b~ W
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REPORT TO THE REFERRING PULMONOLOGIST IN DETAIL (ASSESSMENT AND
MANAGEMENT PLAN)

General

1. Patient’s own questions and expectations

2. Medical history, general and asthma, current symptoms
3. Medication use at intake

4. Confirmation asthma diagnosis

5. Level of asthma control and high intensity treatment

Contributing factors

. Inhalation technique

. Asthma education / self-management

. Adherence

. Alternative or overlapping diagnoses

. Exposition to allergens or other triggering factors

. Medication potentially worsening asthma
Comorbidities (rhinosinusitis/nasal polyps, GER, obesity, OSAS, vocal cord
dysfunction/dysfunctional breathing)

8. Psychological factors

~NOoO 0N WN R

Symptoms and limitations

1. Asthma Control Questionnaire (ACQ) score

2. Asthma quality of life questionnaire (AQLQ) score
3. Healthcare use questionnaire (HCU)

4. Exercise tolerance: 6-minute walking test

Phenotype characteristics

1. Atopic status

2. Age-at-onset: early-onset, late-onset

3. Immunomodulatory medication use

4. Inflammatory pattern: blood, sputum, exhaled NO

5. Long function: airway obstruction, airtrapping, bronchial hyperreactivity

Conclusion
1. No/difficult-to-treat/severe asthma
2. Factors to optimize

3. Phenotypic characteristics (age-onset, atopic status, inflammation, airway
obstruction)

4. Degree of quality of life and healthcare use
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Personalised management plan
1. If applicable, specific advices on not yet optimised potentially contributing factors
2. Advice regarding optimalisation of current medication (increase/decrease doses
of ICS or OCS, addition of extra controller medication)
3. When optimised and still uncontrolled, phenotype-specific advices regarding
targeted therapies (ea. anti-IgE, maintenance OCS, anti-IL5 (trial or in future),
macrolide, bronchial thermoplasty)

45






Cha

Nasal polyposis and asthma:
the chest physician’s view

A.N. van der Meer and A. ten Brinke

In: Bachert C, Bourdin A, Chanez P, eds. The Nose and Sinuses
in Respiratory Disorders (ERS Monograph). Sheffield, European
Respiratory Society, 2017; pp. 105-121




48

Chapter 3

SUMMARY

There is increasing epidemiological evidence linking asthma and chronic rhinosinusitis
(CRS), with an even stronger relationship for specific phenotypes i.e. eosinophilic asth-
ma and CRS with nasal polyps (CRSwWNP). Asthma patients with concomitant nasal
polyposis have more severe disease with reduced asthma control, increased airway
obstruction, and more extensive eosinophilic inflammation. In asthma different pathways
are presumed to lead to this eosinophilic airway inflammation, whether or not IgE-de-
pendent. Staphylococcal Enterotoxin might be the link in underlying pathophysiology
of severe adult-onset non-atopic eosinophilic asthma and nasal polyposis. Patients with
uncontrolled, in particular eosinophilic, asthma should be screened for possible CRS-
WNP in collaboration with an Ear, Nose and Throat (ENT) specialist, since various treat-
ment options for nasal polyposis have potential to improve asthma control. Here, we
review the relationship between asthma and nasal polyposis from a chest physician’s
perspective. Data on epidemiology, pathophysiology, impact on asthma control and cli-
nical assessment are discussed. Finally, treatment options and their effect on asthma
outcomes are described.

INTRODUCTION

Asthma and CRS belong to the most prevalent chronic medical conditions worldwide,
with a significant impact on patients’ quality of life (QoL) and healthcare costs' 2. Since
the concept of the “united airways” was introduced mounting evidence has supported
a link between asthma and CRS3. Epidemiological studies have shown that asthma and
CRS frequently coexist?, and histopathological data demonstrate similar inflammatory
and remodelling characteristics®.

Asthma is a disease with a variety of clinical presentations® and, within this heteroge-
neous condition, specific subtypes (phenotypes) seem to be associated with CRS"&.
Subgroups within CRS can also be identified and, in particular, CRS with nasal polyps
(CRSWNP) is related to asthma®1°. Even though there is increasing support for a relation-
ship between certain subgroups of asthma and CRS, the underlying pathophysiological
mechanisms and therapeutic implications are not yet clear. This chapter summarises
data on prevalence, pathophysiology, impact on asthma control, clinical assessment
and treatment options regarding asthma and nasal polyposis from the chest physician’s
perspective. Fokkens and Hellings!! discuss nasal polyposis and asthma from the oto-
rhinolaryngologist’s perspective elsewhere in the ERS Monograph.

EPIDEMIOLOGY

Asthma is a disease characterised by chronic airway inflammation and respiratory symp-
toms such as wheeze, shortness of breath, chest tightness and cough that vary over time
and in intensity, combined with variable expiratory airflow limitation®. It is a serious global
health problem affecting an estimated 300 million individuals worldwide, with rising treat-
ment costs, and is becoming an economic burden for patients and the community 2.

Asthma prevalence varies substantially between countries, ranging from 1% to 18% of the
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population, and is increasing in many developing countries® 3. The development of
asthma might be associated with genetic'* or perinatal factors, atopy*®, obesity %6, and
environmental factors including indoor and outdoor allergens®, viral and bacterial
infections'® 1%, cigarette smoke?°, air pollution?!, and occupational exposure?. Most of
these factors are also implicated as potential triggers for asthma exacerbations, whereby
subgroups of asthma patients might be more sensitive to specific triggers (e.g. aller-
gens or aspirin). Asthma affects all ages, with a prevalence showing a sex shift during
puberty, changing from a higher risk in boys to a higher risk in women after adoles-
cence?®. Although exposure to environmental irritants might be involved, exposure to
allergens is unlikely to account for the higher incidence of asthma in women. Indeed,
in a recent large population-based cohort, no sex difference was observed for allergic
asthma, whereas the incidence of nonatopic asthma was found to be more than three
times higher in women than in men (figure 3.1)23. The high incidence of adult-onset
nonatopic asthma in this cohort emphasises the need for more attention to this still
poorly recognised subtype of asthma. This might apply especially when considering
the relationship between asthma and CRS.

Figure 3.1 Sex- and age-specific incidence rates for allergic and nonallergic asthma
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CRS is defined as the presence of at least two symptoms persisting for a period of >12

weeks, wherein radiological or endoscopic documentation of inflammation is required 24,
Symptoms of rhinosinusitis include nasal blockage, purulent nasal discharge, facial pain/
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pressure and reduction or loss of smell. CRS can be described as infectious or allergic,
seasonal or perennial, acute or chronic and with (CRSwWNP) or without (CRSsNP) nasal
polyps, wherein nasal polyps are described as inflammatory lesions that project into
the nasal airway, are typically bilateral and originate from the ethmoid sinus?. CRS is
present in 5-15% of the adult population® 25, and has an impact on QoL comparable to
diseases such as chronic obstructive pulmonary disease and congestive heart failu-
re?’. The prevalence of CRSWNP is 2-4%, with a higher prevalence in men than women?8,
Nasal polyposis is rare under the age of 20 years and increases with age, with a mean
onset between the ages of 40 and 50 years across all ethnic groups. The aetiology of
nasal polyposis is still unknown and is considered multifactorial, with several poten-
tially contributing factors such as atopy??, bacterial or fungal infections®, or environ-
mental factors, including cigarette smoke and occupational exposure3’. Nasal polyps
are frequently found in aspirin-sensitive patients and are an obligatory comorbidity in
aspirin-exacerbated respiratory disease (AERD), a distinct asthma subtype characte-
rised by acute upper and lower respiratory tract reactions to ingestion of aspirin and
other cyclooxygenase-1-inhibiting NSAIDs3% 33,

In addition to asthma and AERD, CRSwWNP is often associated with other comorbid
respiratory conditions such as cystic fibrosis (CF), primary ciliary dyskinesia (PCD) and
idiopathic bronchiectasis®*. These associations are the focus of other chapters else-
where in the ERS Monograph®®.

Asthma and CRS(wNP) frequently occur in the same patient. Compared with the general
population, CRS is more prevalent in patients with asthma3® and asthma is more frequen-
tly diagnosed in patients with CRS*". There is a wide variation in the prevalence of
asthma observed in patients with CRS, ranging from 20% to 60%2% 38, Likewise, the pre-
sence of CRS in patients with asthma varies in studies from 40% to 75%* 3°. With regard
to AERD, the actual prevalence remains uncertain, with numbers ranging from 2% to
25% in asthma and 1% to 22% in CRS, depending on the populations surveyed® 4,
These large variations can be attributed to several causes, including changing diagnostic
definitions and criteria. Moreover, several of these studies rely on subjective self-reported
asthma, AERD or CRS, instead of confirmation by objective measures. Furthermore,
asthma and CRS are both heterogeneous diseases with distinct subtypes in which dif-
ferent prevalences may be found.

Initially the asthma-CRS association was mostly described among the allergic popula-
tion*, but more recently this was confirmed in the nonatopic subgroup, questioning
the role of atopy in this complex relationship*3. The Global Allergy and Asthma Network
of Excellence (GA?LEN) conducted a large multicentre European survey in young, middle-
aged and older adults to assess the presence of asthma and CRS defined by the Euro-
pean Position Paper on Rhinosinusitis and Nasal Polyps (EPOS)?*. In all centres, there
was a strong association of asthma with CRS (adjusted odds ratio (OR) 3.47, 95% ClI
3.20-3.76) independent of age, sex and smoking status®. The association with asthma
was stronger in those reporting both CRS and allergic rhinitis (adjusted OR 11.85,
95% Cl 10.57-13.17). In the nonatopic population, CRS was associated positively with
adult-onset asthma (relative risk ratio 3.09, 95% CI 2.51-3.81) and negatively with child-
hood-onset asthma (relative risk ratio 0.45, 95% CI 0.35-0.57).
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Data on the association of asthma with subtypes of CRS are rare and primarily con-
cern CRSwWNP. In prospective studies, asthma was found in patients with CRSwNP far
more often (26%) than in those without polyps (6%) (OR 5.9, 95% CI 1.79-19.65)%,
independent of atopic status'®. In a general asthma population, 7-17% of patients also
suffer from CRSwWNP#+ 4%, The prevalence of CRSWNP is higher in severe asthma, where
CT-confirmed CRS could be shown in 24% of patients and was associated with a later
onset of asthma®*t. When focusing on the subgroup of patients with severe adult-onset
asthma, endoscopically confirmed nasal polyps were present in as many as 54% of the
cases, the vast majority of them being nonatopic*’. In another severe asthma cohort,
a similar subphenotype was identified by cluster analysis including patients with later-
onset, mostly severe asthma with nasal polyps and eosinophilia®.

These data suggest that for CRSsNP the association with asthma is most evident in
allergic patients, whereas in CRSwNP patients the relationship is strongest with nona-
topic adult-onset asthma.

PATHOPHYSIOLOGY AND TRIGGERING FACTORS

Asthma and CRSwWNP are both heterogeneous disorders with a complex pathophysio-
logy. They share a number of histological and immunological characteristics, including
airway remodelling, T helper (Th)-2 cell induction, interleukin (IL)-5 and IL-13 producti-
on, and eosinophilic infiltration*°. In addition, direct relationships between inflammation
in the lower airways and nasal mucosa have been observed*® %, These similarities and
associations suggest comparable pathological processes and have contributed to the
concept of “united airways disease”5" %2, However, despite growing evidence for the link
between upper and lower airway diseases, the underlying mechanism is still not clear.
This might be partly attributed to the fact that most research up to now has been done
in general asthma and/ or CRS populations, without taking specific subgroups into
account.

The relevance of defining subtypes in asthma has been increasingly recognised, and
multiple phenotypes of asthma have been identified based on the inflammatory cell
profile, presence of allergy and age at onset of disease>3-%°. In addition to the up-to-now
poorly differentiated mixed group of patients without eosinophilic inflammation, distinct
asthma phenotypes are distinguished in which eosinophilic airway inflammation plays
an important role. In particular, the strongest association with CRS and nasal polyps is
found in these eosinophilic subtypes of asthma (figure 3.2)*"56-%8, Eosinophilic inflam-
mation in asthma occurs in allergic as well as nonallergic patients, for which a different
underlying pathobiology is presumed. In allergic eosinophilic asthma, allergen-specific
induced Th2 cells produce cytokines such as IL-4, IL-5 and IL-13, leading to immunoglo-
bulin E (IgE) switching in B-cells and airway eosinophilia®®. In nonallergic eosinophilic
asthma, eosinophilic airway inflammation is considered to be the result of air pollutants,
microbes and glycolipids inducing cytokines such as IL-33, IL-25 and thymic stromal
lymphopoietin (TSLP), which activate type 2 innate lymphoid cells (ILC2) in an allergen-
independent way to produce high amounts of IL-5 and IL-13, leading to eosinophilia

(figure 3.3)¢°, TSLP, an upstream cytokine, may play a central role in eosinophilic in-
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flammation, in allergen-induced as well as allergen-independent asthma®!. Additio-
nally, TSLP is suggested to be involved in the pathogenesis of nasal polyposis® and
AERD?®3, Eosinophilia is a characteristic feature of AERD, with increased levels of eo-
sinophils in bronchial mucosa, nasal polyps and

peripheral blood®® ¢, Although the pathophysiology of AERD is not yet fully understood,
there appears to be a dysregulation of arachidonic acid metabolism, particularly with
an overproduction of leukotrienes, exacerbated by aspirin intake. Together with the
increased leukotrienes and reduced prostaglandin levels, an increase in mast cells and
several Th2 cytokines is observed. Thus, different pathways may lead to eosinophilic

airway inflammation in asthma, which might also be involved in the pathogenesis of
CRSwNP.

Figure 3.2 The characteristic profile of adult-onset eosinophilic asthma
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In recent years it has been shown that CRSwWNP and CRSsNP have different inflammato-
ry patterns in the Western world. CRSwWNP is characterised by higher eosinophilia, IgE
and IL-5 compared with CRSsNP®°. Novel evidence indicates that there is considerable
heterogeneity also within the CRSwWNP subgroup. In Europe, the vast majority of nasal
polyps are Th2-driven and eosinophilic, in sharp contrast to the Chinese population in
which nasal polyps are mostly neutrophilic showing a Thl profile® ¢, It is still unclear
whether genetic or environmental factors drive these differences as different inflamma-
tory profiles can be found even within a single ethnic group®. From a chest physician’s
perspective the subgroup of patients with IL-5-positive nasal polyps is of special inte-
rest because the most severe eosinophilic inflammation and comorbid asthma is found
in this subgroup® 9. Underlining this, a recent cluster analysis based solely on immune
markers assessed in patients with CRS revealed several IL-5-negative clusters without
nasal polyps or increased asthma prevalence and distinct IL-5-positive clusters clearly
associated with asthma®®. The group with the highest IL-5 levels consisted of an almost
exclusive nasal polyps phenotype with strongly increased asthma prevalence. In this high
IL-5 group, two clusters were identified with the highest IgE levels and asthma prevalence,
in which all nasal polyps expressed Staphylococcus aureus enterotoxin-specific IgE
(SE-IgE)®8. S. aureus is a known coloniser of the nasal cavities in Caucasian subjects
and is found in the majority of patients with CRSwNP. Eosinophilic inflammation might
be intensified by S. aureus enterotoxins acting both as antigens stimulating specific
IgE responses (SE-IgE) and as superantigens promoting a polyclonal IgE response re-
flected by an increased total IgE level?®. Thus, in CRSwWNP, but also in asthma, staphylo-
coccal enterotoxin might be involved in the eosinophilic inflammatory process. This
concept is confirmed by several studies that have linked high SE-IgE serum levels with
an increased risk of not only asthma® ", but also severe asthma™-"2, and have associa-
ted its presence with increased levels of total IgE™. The level of serum SE-IgE in patients
with severe asthma in a Polish cohort was three times higher compared with patients
with nonsevere asthma™. Aspirin hypersensitivity was highly prevalent in this cohort,
particularly in the severe asthma patients, and without exception concomitant with
SE-IgE positivity. In another European study the likelihood of having severe asthma was
about 11 times higher for SE-IgE-positive versus SE-IgE-negative patients. In the subset
of nonatopic SE-IgE-positive patients, oral steroid use and hospitalisations were signi-
ficantly increased and SE-IgE was associated with a lower forced expiratory volume in
1 s (FEV;)™. A recent Korean elderly asthma cohort study showed that high serum levels
of SE-IgE were associated with more severe asthma, more sputum eosinophilia and
more CRSWNP compared with those with lower SE-IgE levels™. Interestingly, SE-IgE was
associated with the presence of asthma independent of sensitisation to other allergens.
High levels of SE-IgE were found in 20-30% of patients who tested negative to the regular
aeroallergens™ 7, i.e. patients that would be considered nonatopic and up to now for-
mally excluded from treatment with omalizumab. Thus, growing evidence supports the
concept that staphylococcal enterotoxin might underlie the pathophysiology of severe
asthma, especially the phenotype of adult-onset nonatopic asthma associated with CRS
(with or without nasal polyps), high levels of blood and sputum eosinophils, and high
serum total IgE ™. This association is also discussed in more detail by Bachert et al.”™®
elsewhere in the ERS Monograph.
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Figure 3.3 Two different pathways lead to eosinophilic airway inflammation in asthma
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In allergic asthma, dendritic cells present allergens to CD4+ T-cells, inducing Th2 cells, which produce
IL-4, IL-5 and IL-13, leading to IgE switching in B-cells, airway eosinophilia and mucous hypersecretion.
In nonallergic eosinophilic asthma, air pollutants, microbes and glycolipids induce the release of epithe-
lium-derived cytokines, including IL-33, IL-25 and thymic stromal lymphopoietin (TSLP), which activate
ILC2 cells in an antigen-independent manner via their respective receptors (IL-17RB, ST2 and TSLPR).
Activated ILC2 cells produce high amounts of IL-5 and IL-13, leading to eosinophilia, mucous hypersecre-
tion and airway hyperreactivity. CRTH2: chemoattractant receptor-homologous molecule

expressed on Th2 cells; ALX/FPR2: receptor for lipoxin A4; FceRI: high-affinity receptor for IgE; GATA3:
GATA-binding protein 3; PGD2: prostaglandin D2; RORa: retinoic acid receptor-related orphan receptor-a;
MHC: major histocompatibility complex; TCR: T-cell receptor. Reproduced and modified from ¢ with
permission from the publisher.

IMPACT ON ASTHMA CONTROL

How much impact does the presence and severity of CRSwNP have on asthma severity
and control? Several studies have demonstrated a relationship between severity of asthma
and the presence of nasal polyps*” . Amelink et al.*” reported associations between
severe adult-onset asthma and nasal polyposis, sputum eosinophil count, exhaled nitric
oxide, blood neutrophil count and absence of atopy. van Veen et al.”” also reported
difficult-to-treat asthma characterised by persistent sputum eosinophilia, nonatopy and
extensive sinus disease.
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A French group showed that among patients with asthma, those with nasal polyps had
reduced asthma control, increased airway obstruction and more extensive eosinophilic
inflammation compared with those without nasal polyps™. In addition, AERD is also as-
sociated with severe asthma. In AERD, asthma is usually preceded by the nasal problems
evolving from persistent rhinitis, to refractory CRS, anosmia and recurrent nasal polyps.
As the disease worsens, asthma develops and often becomes severe, with reduced lung
function, poor asthma control despite extensive treatment and a risk of life-threatening
asthma attacks™.

A subset of patients with asthma is prone to frequent exacerbations, and thus requires
special monitoring and treatment. CRS and nasal polyps have both been identified as
independent risk factors for frequent exacerbations in several studies around the world,
with ORs varying from 1.4 to 5.5 (figure 3.4)8%-%2_ |n a recent study identifying clinical
features of exacerbation-prone asthma (Severe Asthma Research Program (SARP)-3),
chronic sinusitis was again found to be one of the factors associated with exacerbation
frequency even after adjustment for multiple factors®. Remarkably, African-American
patients with CRS more often had nasal polyps than Caucasian patients with CRS, with
the increased polyposis being associated with more hospitalisations for asthma®3. Re-
cently, we reported on risk factors of frequent severe exacerbations in the subgroup of
patients with late-onset, eosinophilic asthma, and identified air trapping and high sinus
CT scores as independent predictors, suggesting that in these patients inflammations
of the distal airways and paranasal sinuses are important predisposing factors for the
development of exacerbations®. Indeed, there is some evidence that treatment of CRS
and nasal polyps might prevent asthma exacerbations. In a management programme
including patients with frequent exacerbations, reduction of healthcare utilisation was
strongly associated with gastro-oesophageal reflux disease and sinusitis therapy®.
Outpatient asthma clinic visits were reduced by 50% in the follow-up after sino-nasal
surgery®. In addition, several studies suggest improved asthma outcomes (including ex-
acerbations) when upper airway inflammation is controlled with medications3® 8 or
treated surgically®’, although the lack of well-controlled studies limits the strength of the
conclusions.

Data on the impact of coexisting nasal polyps on lung function in asthma patients are
scarce. A French longitudinal study showed that subjects with severe nasal polyps re-
quiring nasal surgery exhibited a significant decline in FEV, over a 4-year period, unre-
lated to the presence of nonspecific bronchial hyperresponsiveness or asthma at base-
line, or the appearance of asthma symptoms during follow-up®. More studies revealed
a relationship between the extent of nasal sinus inflammation and lower airway function.
In severe asthma, sinus CT scores were positively related to functional residual capacity,
a measure of small airway function, particularly in patients with adult-onset asthma“®,
suggesting that in this subtype of asthma an inflammatory process involves the whole
respiratory tract, from the paranasal sinuses to the very distal airways.
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Figure 3.4 Sinusitis and nasal polyps were significantly associated with exacerbation frequency
in a large cohort study identifying clinical features of patients with exacerbation-prone asthma
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Reproduced and modified from?® with permission from the publisher.

Asthma and CRS have both been linked with an impaired Qol, and comorbid CRS has
been identified as a negative predictor of QoL in asthma®. Data on asthma and nasal
polyps having an accumulative negative impact on QoL are inconsistent, but patients
with combined asthma and nasal polyps showed the largest QoL benefit after sinus
surgery®. Olfactory dysfunctioning is a known symptom in patients with nasal polyps,
with a significant impact on QoL. Asthma associated with nasal polyps has an additional
impact on the sense of taste and smell, and loss of smell has been proposed as a clinical
tool to predict nasal polyposis in patients with asthma®.. It is noteworthy that some patients
with severe asthma, when asked, report significant hearing loss, seriously threatening
their QoL. This might be related to a relatively recently recognised middle ear disease, i.e.
eosinophilic otitis media, characterised by a highly viscous, eosinophil-predominant
middle ear effusion causing progressive deterioration of hearing®. This otitis is asso-
ciated with asthma and nasal polyps, is most prevalent in nonatopic subjects, and might
be due to mucosal inflammation extending from the lower airways even to the middle
ears or be related to local sensitisation to foreign agents (e.g. S. aureus)®. Hearing loss
with recurrent refractory otitis can prompt the physician to consider severe eosinophilic
asthma.
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MANAGEMENT OF ASTHMA PATIENTS WITH NASAL POLYPOSIS AND CLINICAL
ASSESSMENT

In clinical practice, early recognition of concomitant CRS and nasal polyposis in patients
with asthma is important, thereby identifying patients at risk of more severe disease, which
has clear implications for asthma management. Various items in the history may be of help.
If a patient has a history of previous CRSWNP or nasal sinus surgery, recurrence of nasal
polyposis might be more likely®*. In addition, in patients with known aspirin sensitivity
or those reporting symptoms of nasal congestion and bronchoconstriction 1-4 h after

ingestion of aspirin or NSAIDs, the presence of AERD including nasal polyposis might be
considered. However, many AERD patients are unaware of aspirin sensitivity unless pro-
voked®. Definitive diagnosis of AERD strictly requires aspirin challenge, although this is
not often performed as expensive precautions with respect to safety limit its availability.

The identification of patients with CRSwWNP in daily asthma practice may be rather difficult
without the help of an ENT specialist and imaging. The characteristic presentation of
CRSwNP is gradually worsening nasal congestion/obstruction, fatigue, sinus fullness and
pressure, posterior nasal drainage, and hyposmia or anosmia, sometimes with loss of taste.
In contrast, fever and severe facial pain are uncommon. Although these symptoms are not
specific for CRSWNP, the impaired sense of smell seems a rather predictive symptom in
this context and might alert the chest physician to the possibility of nasal polyps®. CRS
patients may report a variety of other symptoms, such as malaise, cough, sleep disturbance,
ear pain or pressure, dizziness, dental pain, dysphonia, or nasal or throat irritation, but all
of these lack specificity and are not clinically helpful in diagnosis. Specifically asking for
hearing loss and recurrent otitis may prompt the physician to consider eosinophilic otitis
media, in particular in adult-onset eosinophilic asthma.

Several questionnaires have been developed to evaluate sino-nasal symptoms, e.g. the
Sino-Nasal Outcome Test, which are sensitive to changes in symptom severity; however,
their usefulness in identifying CRS or nasal polyposis in individual patients in day-to-day
practice is limited®® %7,

Unfortunately, symptoms correlate poorly with objective findings upon imaging or endo-
scopy, and also physical examination is not of great help to an asthma doctor. Large
polyps may be visible with anterior rhinoscopy using a nasal speculum or otoscope (in
the hands of a trained clinician), but smaller polyps certainly require nasal endoscopy or
imaging. Thus, diagnosis of CRSWNP requires the expertise of an ENT specialist®.

Clinical evaluation of patients suspected of CRSWNP by an ENT specialist involves routine
otolaryngological examination and a detailed endoscopy of the sino-nasal cavity. In-
spection of the ears may demonstrate extranasal manifestations, such as eosinophilic
otitis media, with important management consequences. Nasal endoscopy can directly
visualise the nasal cavities and identify polyps, but also assess the patency of the major
ostia and check on purulent drainage from the ostia. Nasal polyps generally begin to
form around the ostiomeatal complex, although they may eventually be found throughout
the nasal cavities and sinuses, and should be bilateral. Nasal polyps are translucent, yellow-
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ish-grey to white, glistening masses filled with gelatinous inflammatory material, the grey-
white colour being due to the relatively avascular nature of the polyp tissue.

Noncontrast CT with fine cuts through the paranasal sinuses with bony windowing is the
standard protocol for CRSwWNP evaluation. A bilateral thickened mucosa is typically ob-
served on sinus CT, in which polyps can be differentiated from nonpolypoid mucosal
thickening by their shape and contours. Polyps often protrude as rounded mucosal
swellings into the nasal or sinus cavities.

Since CRSWNP is most common in patients with eosinophilic asthma with an adult onset
of disease (figure 3.2) and/or aspirin sensitivity, these patients in particular should be
checked for the presence of nasal polyposis. Elevated markers of eosinophilic airway in-
flammation, including peripheral blood eosinophils and exhaled nitric oxide fraction,
may point towards eosinophilic asthma and hint at the possibility of sino-nasal involve-
ment*¢, Therefore, a patient with adult-onset eosinophilic asthma preferably should be
referred to an ENT clinic to prove or rule out sino-nasal involvement. In addition, all
patients with difficult-to-control asthma should be assessed for the possibility of CRS
being the reason for poor asthma control, even in case of absent or only subtle sinona-
sal symptoms.

TREATMENT OPTIONS

The most recent EPOS revision (EPOS2012) provides a guideline for the treatment of
CRS, making a stricter division between CRSWNP and CRSsNP management?’. This
specific treatment guideline applies to CRSwWNP patients with or without asthma. It is ad-
vised to start the treatment of CRSwWNP with intranasal corticosteroids in conjunction with
nasal saline irrigation. Intranasal corticosteroids have proven effectiveness on nasal symp-
toms and nasal polyp size®. Patients need to be advised about proper inhalation techni-
ques in order to reduce the risk of local side-effects, i.e. nasal irritation and epistaxis.

Based on the severity of symptoms, impairment of QoL and extent of mucosal disease,
subsequent therapies can be considered on top of topical nasal corticosteroid spray, such
as increasing the dose, using nasal drops, or adding antibiotics or oral corticosteroids 2.
Nasal drops might be more effective than sprays due to better distribution within the nasal
cavities, in particular after surgery. Regarding antibiotics, a recent Cochrane Systematic
Review found very little evidence of their effectiveness in patients with CRS in general, with
a slight indication of a modest improvement in QoL in patients with CRSsNP®. Howe-
ver, the use of doxycycline is provided as an option in EPOS2012 %4, possibly based on a
randomised controlled trial in patients with CRSwWNP showing that 100 mg of doxycycline
for 3 weeks had a moderate effect on the size of nasal polyps and nasal symptoms?°°,
Macrolides have been specifically identified as potentially useful in CRS as well as in asth-
ma due to their anti-inflammatory effects rather than for their antibacterial action 10102,
In a heterogeneous CRS group, erythromycin improved all nasal outcome parameters

comparable to surgical intervention®, Moreover, in a 1-year follow-up of 43 patients
with CRS and coexisting asthma, a 12-week course of low-dose erythromycin combined
with nasal lavage and fluticasone drops resulted in improvement in asthma symptoms,
bronchodilator use, hospitalisations, FEV; and levels of exhaled nitric oxide%. In the same
study, patients randomised to surgery showed similar improvements in asthma outcomes,
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but erythromycin was found superior to surgery in the subgroup of patients with nasal
polyposis. These data suggest that subsets of patients with CRS and/or asthma might
benefit from macrolide treatment!°1%, although possibly not the eosinophilic subgroups,
but more research is needed for proper identification. The effect of leukotriene antago-
nist treatment on clinical outcome measures of CRSWNP was systematically reviewed and
showed significant improvements in CRSWNP symptoms over placebo; results that were
similar to those found in the nasal corticosteroid treatment arms°. There are only two
studies in which treatment with the leukotriene receptor antagonist montelukast was
studied in CRSWNP with asthma, showing significant improvements in nasal and pulmo-
nary symptoms, asthma medication intake, and sino-nasal inflammation, but no relevant
effects on lung function parameters” 1%, The beneficial effects appeared independent
of aspirin sensitivity, yet leukotriene-modifying agents are administered in most patients
with AERD®. In these AERD patients, treatment can be very challenging, with polyposis
and asthma often being refractory to medical as well as surgical therapy. Oral aspirin de-
sensitisation followed by daily aspirin administration may improve upper and, to a lesser
extent, lower respiratory tract symptoms in selected cases*. As in asthma, oral cortico-
steroids have a beneficial effect on clinical outcomes in patients with nasal polyposis;
however, there is some debate on the maintenance of the effect and long-term oral corti-
costeroid treatment is discouraged in view of the high risk of significant side-effects.
Thus, a variety of medical treatments is available, and the challenge is to determine the
most beneficial strategy and patient population for the use of the different therapies.

When these medical strategies fail, functional endoscopic sinus surgery (ESS) might be
indicated. If so, it is very important that patients are properly informed about the fact that
CRS is a chronic condition and have reasonable expectations for treatment*°. Surgical
treatment rarely results in permanent cure and, in particular, in CRSWNP recurrence rates
are reported to be as high as 80%1%, with the need for revision surgery being highest in
patients with increased eosinophil counts and IL-5 and IgE levels in nasal tissue!!.
Therefore, surgery must be accompanied by medical therapy, since topical steroids slow
the recurrence of polypoid inflammation*2. Together, surgical and medical treatments aim
to relieve symptoms and minimise the impact on QoL. In the case of asthma patients it is
likewise important to know if improvement in asthma outcomes is to be expected by
treatment of CRSWNP. Previously, several authors concluded that available evidence sug-
gested a beneficial effect of both medical and surgical treatment** 14, and concerns
with respect to possible worse post-operative endoscopic outcomes in asthma patients
are no longer shared®. Further evidence for the beneficial effects of surgical treatment
in patients suffering from both CRS and asthma is given in a recent systematic review &',
Although reasonable concern regarding quality of the studies was reported, functional
ESS for CRS in patients who failed maximal medical therapy appeared to improve clinical
asthma outcome measures (figure 3.5)%7 116126 |n general, patients reported improved over-
all asthma symptoms, decreased use of asthma-specific medications, and fewer hospital
admissions and emergency room visits due to asthma exacerbations. Moreover, the cost-
effectiveness of functional ESS in severely asthmatic patients with CRS was demon-
strated prospectively, with a reduction in outpatient asthma clinic visits of 50%%. Thus,
both medical and surgical treatments for CRS with concomitant asthma improve asthma
status, with a possible slight advantage for the medical treatment in cases with nasal
polyposis.
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Figure 3.5 Forest plot of studies examining patient-reported improvement in overall asthma assessment
following endoscopic sinus surgery

First author [ref] Subjects n Proportion (95% Cl)

Guati [116] 25 0.83 (0.65-0.98)
Desima [117] 28 0.74 (0.58-0.90)
GARREL [118] 24 0.49 (0.29-0.69)
Uri [119] 34 0.40 (0.24-0.57)
Senior [120] 30 0.89 (0.78-1.00) —_—
Govoste [121] 13 0.44(0.17-0.71)
Park [122] 79 0.83(0.75-0.91) _—
Dinis [123] 43 0.81(0.69-0.93) == =
McFapoen [124] 80 0.85(0.77-0.93) ——
Mannine [125] 14 0.77 (0.55-0.99)
Nishioka [126] 20 0.79 (0.61-0.97)
Overall 390 0.761(0.719-0.803) ——
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Reproduced and modified from®& with permission from the publisher.

Despite all these medical and surgical therapeutic measures, a subset of patients is not ade-
quately controlled, both in terms of asthma as well as in sino-nasal aspects. In particular,
patients with severe eosinophilic asthma benefit from novel immunomodulatory thera-
pies, such as anti-IgE, anti-IL-5 and anti-IL-4/IL-13, targeting specific pathological pro-
cesses. Omalizumab (anti-IgE) proved efficacy in reducing asthma exacerbations and
improving QoL in patients with severe allergic asthma, an indication for which it is regi-
stered’?”. However, there is some evidence that omalizumab may also have a therapeutic
role in nonatopic asthma?*?®, In line with this, omalizumab demonstrated clinical efficacy
in the treatment of nasal polyps in patients with comorbid asthma, irrespective of the
presence of allergy, which the investigators suggested was related to local IgE formation
in the upper airways?*?°, Several anti-IL-5 therapies have been developed or are currently
under investigation for patients with poorly controlled eosinophilic asthma. Many studies
have shown that in a select group of asthma patients with severe eosinophilic asthma,
inhibition of IL-5 results in clinically important benefits, with significant reductions in
steroid dose and a reduced exacerbation rate3% 131, There is growing evidence that IL-5
inhibition is, likewise, a potential novel therapeutic approach in patients with severe eosi-
nophilic nasal polyposis. In a randomised controlled trial, 12 out of 20 patients with severe
nasal polyposis refractory to corticosteroid therapy who received two single intravenous
injections of mepolizumab (anti-IL-5) showed a significant reduction in nasal polyp size
and sinus CT score®®2, Remarkably, not all patients with nasal polyps responded to me-
polizumab, suggesting IL-5-independent pathways may be involved. This fits in with the
clinical observation that some patients with severe eosinophilic asthma and comorbid
CRS demonstrate complete recovery of asthma symptoms during mepolizumab treat-
ment, whereas their sino-nasal symptoms persist. Whether anti-IgE treatment would be
more successful in these patients remains to be investigated. Several compounds aiming
to target IL-4 and IL-13 are now being evaluated and have shown beneficial effects on
asthma outcomes®** 1%, as well as also on nasal polyp size in selected patients®3®. Thus,
several studies, from the perspective of both asthma and CRSwNP, have shown the pro-
mising effects of biologicals in severe airway disease and might be used to avoid daily oral
corticosteroid use or repeated sinus surgery in patients.
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CONCLUSIONS

The goal of this chapter was to explore the relationship between asthma and CRS with
nasal polyposis from a chest physician’s perspective. Epidemiological data have already
confirmed a link between asthma and CRS, but the recent awareness of subphenotypes
of both disease reveals new insights into this association. In particular, for patients with
adult-onset nonatopic eosinophilic asthma the presence of CRSWNP seems not to be a
comorbidity, but a broadening of the spectrum of the disease. These patients share
pathophysiology, severity of disease and poor responses to regular treatment. Several
studies have shown promising effects of biological agents in severe eosinophilic upper
and lower airway disease. These findings further support the connection between eo-
sinophilic asthma and CRSwWNP, and encourage chest physicians and ENT specialists
to join forces and work together to find underlying common mechanisms and best treat-
ment options for these severely disabled patients. A major challenge will be to find easily
accessible biomarkers to select the patients who have the best chance of a positive thera-
peutic response to innovative approaches.
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ABSTRACT

Introduction

Dynamic hyperinflation has been documented in asthma, yet its impact on overall health
and daily life activities is unclear. We assessed the prevalence of dynamic hyperinflation
in moderate to severe asthma and its relationship with the scores of a set of specific
and general respiratory health questionnaires.

Methods

77 non-smoking asthma patients (GINA step 4-5) were consecutively recruited and
completed 5 questionnaires: Asthma Control Questionnaire, Clinical COPD Question-
naire , St. George’s Respiratory Questionnaire, London Chest Activity of Daily Living
scale (LCADL), Shortness of Breath with Daily Activities (SOBDA). Dynamic hyperinfla-
tion was defined as =10% reduction in inspiratory capacity induced by standardized
metronome-paced tachypnea. Associations between level of dynamic hyperinflation
and questionnaire scores were assessed and adjusted for asthma severity.

Results

81 percent (95% Cl 71.7-89.4%) of patients showed dynamic hyperinflation. Higher levels
of dynamic hyperinflation were related to poorer scores on all questionnaires (r=0.228-
0.385, p<0.05). After adjustment for asthma severity, dynamic hyperinflation remained
associated with poorer scores on LCADL (p=0.027) and SOBDA (p=0.031).

Conclusion

Dynamic hyperinflation is associated with poorer overall health and impaired daily life
activities, independent of asthma severity. Because of its major impact on everyday
life activities, dynamic hyperinflation is an important target for treatment in asthma.
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INTRODUCTION

Asthma is a heterogeneous condition of the airways with many clinical and inflamma-
tory sub-phenotypes?. In day-to-day practice these different subtypes may present with
different asthma symptoms. A subset of asthma patients report exercise intolerance
and limitations in daily life activities as the most prominent symptoms, rather than the
classical wheezy attacks, with a major impact on their quality of life2. Many factors
may contribute to these exercise and activity limitations in asthma, including psycho-
logical factors, respiratory muscle strength, bronchoconstriction and dynamic hyper-
inflation?.

Dynamic hyperinflation, described as an increase in end-expiratory lung volume under
conditions of greater minute ventilation (e.g. exercise), is a well-known feature in chronic
obstructive pulmonary disease (COPD) resulting from reduced expiratory airflow*. It is
strongly related to exertional dyspnoea and diminished daily physical activity in COPD
patients® 8. Interestingly, dynamic hyperinflation is not exclusive to COPD, and a few
small studies suggest it to be present in asthma as well. Dynamic hyperinflation has
been reported in patients with stable asthma following methacholine provocation”®or
exercise testing®, probably reflecting induced bronchoconstriction. Recently, it was sug-
gested that dynamic hyperinflation is particularly important in patients with more severe
asthma. These patients have been shown to develop dynamic hyperinflation during exer-
cise to the same magnitude as COPD patients with similar degrees of airway obstruc-
tion°. Unlike COPD, it has been suggested that in asthma ongoing inflammation may
impair small airway function®. In patients with late-onset asthma, air trapping was
markedly present, and associated with systemic eosinophilic inflammation and severe
exacerbations®2. Moreover, in a small unblinded study in 10 patients with moderate to
severe allergic asthma, the extent of dynamic hyperinflation decreased with omalizumab
treatment, which corresponded to an improvement in symptoms and exercise capa-
city 3. So, ongoing small airway inflammation might promote the development of
dynamic hyperinflation and play a role in daily exercise limitations in subsets of asthma
patients. Importantly, dynamic hyperinflation is found to be greater in obese versus
nonobese asthma patients, whether or not related to reduced chest wall compliance,
and therefore obesity has to be taken into account when evaluating dynamic hyperin-
flation in asthma®4. Whatever the underlying mechanism, so far little is known about
the prevalence of dynamic hyperinflation in moderate to severe asthma and in particular
its impact on asthma symptoms, activities of daily life and perceived wellbeing.

Although asthma symptoms, limitations in daily life activities and reduced quality of life
are all important outcomes from the patient’s perspective, not all are taken into account
equally well in asthma management. Asthma symptoms are generally scored using the
Asthma Control Questionnaire (ACQ) or Asthma Control Test, focusing on classical
symptoms of variable dyspnoea and wheezing and with only little emphasis on symp-
toms of exercise intolerance and limitations in daily life activity. The latter symptoms
might better be detected by questionnaires used for COPD patients. This is supported
by observations in recent studies on the effects of mepolizumab in severe eosinophilic
asthma patients, showing greater improvements in the St George’s Respiratory Ques-
tionnaire (SGRQ) score than in the ACQ score®> 1€,
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These observations stress the need to investigate the role of dynamic hyperinflation in
asthma symptoms and limitations in daily activities, in particular in patients with more
severe disease. If dynamic hyperinflation indeed explains important patient-related
outcomes this could become an important target for treatment of asthma. Therefore,
in the present study we primarily investigated the prevalence of dynamic hyperinflation
in moderate to severe asthma. As a secondary objective, we assessed the relationship
between the degree of dynamic hyperinflation and severity of respiratory symptoms
and limitations of daily life activities derived from different specific and general respi-
ratory health questionnaires.

METHODS

Patients

Patients with moderate to severe asthma (age =18 years) were recruited from a nonacade
mic pulmonary outpatient department in the Netherlands (Medical Centre Leeuwarden)
between June 2016 and January 2018. 77 patients were consecutively included in the
present study, which is part of an extensive research programme aimed at exploring
the clinical relevance of dynamic hyperinflation in asthma. All patients were on regular
treatment with medium to high doses of inhaled corticosteroids (ICS) (=500 pg/day
fluticasone or equivalent) with or without daily oral corticosteroids, combined with
long-acting B-agonists or other controller for 26 months, according to the Global
Initiative for Asthma steps 4-5%. All patients had stable asthma without exacerba-
tions during the 4 weeks before inclusion, were nonsmokers (smoking history <10
pack-years), had a body mass index (BMI) <30 kg/m2, and airway obstruction with a
forced expiratory volume in 1s (FEV,)/forced vital capacity <80% predicted. Patients with
concurrent respiratory disease, major unrelated comorbidities and pregnancy were
excluded. The study was approved by the local medical ethics committee and all patients
gave their written informed consent. The trial is registered at the Netherlands Trial Re-
gister (identification number NTR5873).

Methods and design

For the present study all measurements were performed during one visit. First, data on
all relevant patient characteristics, medication use and asthma related healthcare use
in the previous year were collected by the investigator. Then, the patients completed a
set of five specific and general respiratory health questionnaires. Finally, they performed
lung function tests and had blood drawn for cell differential counts and total immu-
noglobulin E levels.

Questionnaires

All subjects completed a set of five respiratory health questionnaires: ACQ-6 (range
0-6), focusing on asthma control?®; the Clinical COPD Questionnaire (CCQ) (range
0-6), focusing on COPD control*®; SGRQ (range 0-100)2°, focusing on respiratory
symptoms, quality of life and limitations in daily life activities; and the London Chest
Activity of Daily Living (LCADL) questionnaire (range 0-75)2, and the Shortness of Breath
with Daily Activities (SOBDA) questionnaire (range 1-4)??, both focusing on limitations
in daily life activities. The ACQ is validated in asthma patients; the other questionnaires
used in this study are validated in COPD patients.
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Lung function

Pulmonary function tests included exhaled nitric oxide fraction measurement?3, spiro-
metry and body plethysmography?*. Bronchodilators were withheld before pulmonary
function tests for 26 and =212 h for the short-acting and long-acting B2-agonists, res-
pectively.

Dynamic hyperinflation

To test for dynamic hyperinflation, all subjects underwent metronome-paced tachyp-
noea measurement (MPT)?. Subjects were seated, breathing through a mouthpiece
connected to the spirometer (MasterScreen-PFT; Jaeger, Mettawa, IL, USA) and were
instructed on the performance of the inspiratory capacity manoeuvres. At the start of
this test the baseline inspiratory capacity was measured as the mean of three acceptable
inspiratory capacity manoeuvres while the patient was at rest. Subjects were then asked
to breathe at a metronome-paced frequency of twice the resting breathing rate for 20 s,
and immediately afterwards an inspiratory capacity manoeuvre was performed?®. The
procedure was repeated after subjects had returned to their resting breathing level. Sub-
jects were encouraged to maintain a stable tidal volume. Dynamic hyperinflation was
calculated as the difference between the inspiratory capacity measured during incre-
ased pacing and the inspiratory capacity at rest. A decrease of 210% in the inspiratory
capacity was considered as dynamic hyperinflation 26,

Statistical analyses

Differences between subjects with and without dynamic hyperinflation were analysed
using unpaired t-tests, Mann-Whitney U-tests or Chi-squared tests, wherever appropriate.
Subsequently, linear associations between the MPT-induced degree of dynamic hyper-
inflation and the questionnaire scores were assessed using Spearman rank correlations.
Finally, we assessed whether univariate associations remained when adjusting for asthma
severity parameters (ACQ score, fluticasone equivalent dose and FEV; % pred) using
multivariable linear regression models. All analyses were performed using SPSS soft-
ware (version 20; IBM, Armonk, NY, USA). Two-sided p-values <0.05 were considered
to be statistically significant.

RESULTS

Patient characteristics and dynamic hyperinflation

77 patients with moderate to severe asthma participated in the study. Patient charac-
teristics are shown in table 4.1. The majority of patients was male and had adult-onset
asthma. Only 31% of patients had smoked previously. Despite the limited cigarette
exposure in the past (median (range) 0 (0-10) pack-years), the degree of airway ob-
struction varied with FEV; values ranging from 26% pred to 104% pred.

In the whole group of 77 patients, the median (range) of MPT-induced reduction in
inspiratory capacity was 0.47 (-0.42-1.57) L or 17.8 (-14.1-47.2)% from baseline.
According to the predefined cut-off level, 62 out of 77 patients (80.5%, 95% Cl 71.7-
89.4%) showed dynamic hyperinflation, with a median (range) MPT-induced reduction
in inspiratory capacity of 0.55 (0.19-1.57) L or 19.5 (10.2-47.2)% change from base-
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line inspiratory capacity. The other 15 patients showed no dynamic hyperinflation with
a median (range) reduction in inspiratory capacity of only 0.16 (-0.42-0.35) L (4.8
(-14.1-9.0)%). When comparing the two groups, patients with dynamic hyperinflation
reported significantly more visits to the pulmonologist in the preceding year (p=0.031)
and tended to use higher daily doses of inhaled and oral corticosteroids. There was no
difference between the groups in smoking history or atopic status, nor was there a dif-
ference in blood eosinophil counts. At baseline, patients with dynamic hyperinflation
had lower levels of FEV; and showed more severe air trapping and static hyperinflation.

Table 4.1 Characteristics of moderate to severe asthma patients with and without dynamic hyperinflation

Al No dynamic hyperinflation Dynamic hyperinflation p-value
Subjects 77 15 (19) 62 (81)
Male 45 (58) 11(73) 34 (55) 0.192
Age years 62 (49-67) 54 (48-64) 62 (51-70) 0.142
Adult-onset (age >18 years) asthma 42 (55) 6 (40) 36 (58) 0.207
Atopy 36 (47) 9 (60) 27 (44) 0.252
BMI kg-m‘2 25+3 2643 253 0.398
Pack-years 0(0-2) 0 (0-0) 0(0-2.5) 0.351
Fluticasone equivalent mg 500 (500-1000) 500 (500-500) 500 (500-1000) 0.058
0CS-dependent 10 (13) 0(0) 10 (16) 0.095
0CS dose mg 0 (0-10) 0 (0-0) 0(0-10) 0.099
Pulmonologist visits in preceding year 2(1-3) 2(1-3) 2 (2-4) 0.031
>1 ER visit in preceding year 11 (14.3) 3(20) 8(12.9) 0.484
>1 admission in preceding year 8(10.4) 1(6.7) 7011.3) 0.601
Blood eosinophils x10%.L~"' 0.2 (0.1-0.4) 0.2 (0.1-0.4) 0.2 (0.1-0.4) 0.974
Blood neutrophils x10%.L~" 4.4 (3.5-5.7) 4.3 (3.2-5.2) 4.5 (3.6-6.0) 0.210
Total IgE, KU-L™' 110 (35-287) 118 (20-491) 105 (39-285) 0.657
FeNo ppb 27 (19-54) 24 (19-53) 27 (20-55) 0.699
FEV1 % pred 68 (56-80) 78 (73-86) 66 (56-79) 0.017
FVC % pred 102419 108+19 100+18 0.156
FEVi/FVC % pred 70 (63-76) 72 (64-79) 69 (63-76) 0.241
TLC % pred 110+14 110+16 10914 0.855
RV/TLC % pred 11325 99420 11725 0.010
FRC/TLC % pred 113+16 10118 115¢14 0.001
IC baseline L 2.86 (2.25-3.77) 3.32 (2.99-3.90) 2.79 (2.13-3.77) 0.045
AlICL 0.47 (0.31-0.68) 0.16 (-0.01-0.26) 0.55 (0.37-0.71) <0.001
AIC % 17.8 (12-25) 4.8 (-0.51-7.65) 19.5 (14.3-25.9) <0.001

Data are presented as n, n (%), median (interquartile range) or mean+SD, unless otherwise stated.
BMI: body mass index; OCS: oral corticosteroids; ER: emergency room; Ig: immunoglobulin; FeNO:
exhaled nitric oxide fraction; FEV:: forced expiratory volume in 1 s; FVC: forced vital capacity; TLC:
total lung capacity; RV: residual volume; FRC: function residual capacity; IC: inspiratory capacity; AIC:
reduction in inspiratory capacity (=dynamic hyperinflation) measured as the difference between IC at
baseline and IC following metronome-paced tachypnoea.

Dynamic hyperinflation and symptom scores

All patients completed the five questionnaires. The scores in ACQ and CCQ were not sig-
nificantly different between patients with and without dynamic hyperinflation (table 4.2).
In the group with dynamic hyperinflation 42% of the patients had an ACQ score of 21.5
versus 27% of the patients in the group without dynamic hyperinflation (p=0.179). The
patients with dynamic hyperinflation showed a poorer score on the LCADL (p=0.0031)
and a trend towards a poorer score on the SGRQ (p=0.070) and SOBDA (p=0.094).

When analysed linearly, the scores of all the questionnaires were significantly related
to the MPT-induced degree of dynamic hyperinflation, as shown in figure 4.1. Higher
levels of dynamic hyperinflation corresponded with poorer scores on all five question-
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Table 4.2 Respiratory symptom scores in asthma patients with and without dynamic hyperinflation

No dynamic hyperinflation Dynamic hyperinflation p-value
Subjects 15 (19) 62 (81)
Aca® 0.8 (0.7-1.7) 1.3 (0.8-2.0) 0.144
cca* 1.1 (0.6-1.8) 1.2 (0.7-2.1) 0.234
SGRQ# 25.3 (13.6-30.1) 28.8 (15.9-45.3) 0.070
LCADL* 16 (14-17) 19 (15-28) 0.031
SOBDA* 1.1 (1.0-1.3]) 1.2 (1.0-2.0) 0.094

Data are presented as n (%) or median (interquartile range), unless otherwise stated. ACQ: Asthma
Control Questionnaire; CCQ: Clinical COPD (chronic obstructive pulmonary disease) Questionnaire;
SGRQ: St George’s Respiratory Questionnaire; LCADL: London Chest Activity of Daily Living question-
naire; SOBDA: Shortness of Breath with Daily Activities questionnaire. #: total score.

naires. Information on the association between dynamic hyperinflation and the sub-
domains of the questionnaires is presented in supplementary table S4.1. For FEV; % pred,
there was no significant correlation with any of the questionnaire scores (p=0.13). Nor
were parameters of static hyperinflation associated with questionnaire scores, except
for the SOBDA questionnaire (supplementary table S4.2).

After adjustment for parameters of asthma severity (ACQ score, FEV,% pred, ICS dose),
dynamic hyperinflation remained associated with poorer scores on LCADL (f=0.198,
p=0.044) and SOBDA (B=0.016, p=0.009), but not with the other questionnaires
(table 4.3).

Figure 4.1 Relation dynamic hyperinflation and questionnaires
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r: correlation coefficient, with corresponding p-value. ACQ: Asthma Control Questionnaire; CCQ:
Clinical COPD (chronic obstructive pulmonary disease) Questionnaire; SGRQ: St George’s Respirato-
ry Questionnaire; LCADL: London Chest Activity of Daily Living questionnaire; SOBDA: Shortness of
Breath with Daily Activities questionnaire.
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Table 4.3 The association between degree of dynamic hyperinflation (AIC) and the different
questionnaire scores

B (AIC) % (95% CI) p-value
cca* 0.010 (—0.004-0.024) 0:155
SGRQ* 0.139 (-0.135-0.414) 0.315
LCADL? 0.198 (0.005-0.391) 0.044
SOBDA* 0.016 (0.004-0.028) 0.009

Linear regression analyses adjusted for asthma severity parameters (inhaled corticosteroid dose, per-
centage of predicted forced expiratory volume in 1 s and Asthma Control Questionnaire score).

AIC: reduction in inspiratory capacity (=dynamic hyperinflation) measured as the difference between
IC at baseline and IC following metronome-paced tachypnoea; CCQ: Clinical COPD (chronic obstructive
pulmonary disease) Questionnaire; SGRQ: St George’s Respiratory Questionnaire; LCADL: London Chest
Activity of Daily Living questionnaire; SOBDA: Shortness of Breath with Daily Activities questionnaire.
#: total score.

DISCUSSION

In the present study, we showed that dynamic hyperinflation is a relevant feature in mo-
derate to severe asthma. The proportion of patients with dynamic hyperinflation was
high. The severity of dynamic hyperinflation was related to lower scores on five different
respiratory health questionnaires and significantly associated with impaired daily life
activities. These results suggest that dynamic hyperinflation may be an important target
for treatment in moderate to severe asthma.

In this study we explored the occurrence of dynamic hyperinflation in moderate to severe
asthma and investigated its relationship with respiratory symptoms and limitations in
daily life activities. Although most studies on dynamic hyperinflation are performed in
the COPD population, a few studies reported the presence of dynamic hyperinflation
in asthma, mostly provoked by methacholine or exercise testing. These studies showed
that dynamic hyperinflation was associated with reduced exercise capacity® 2’ and
inconsistent levels of dyspnoea during testing® 2% 2%, Interestingly, dynamic hyperinfla-
tion might be especially relevant in asthma patients with more severe disease. In a study
comparing asthma patients with and without a near-fatal asthma attack, the degree of
dynamic hyperinflation during exercise tended to be higher in the patients with near-
fatal asthma®°. It has been shown that severe asthma patients develop dynamic hyper-
inflation during exercise comparable to COPD patients, a phenomenon that according
to the authors might add some insight into the mechanism of daily exercise limitations in
this populationi®. Moreover, in a small group of severe asthma patients, dynamic hyper-
inflation was shown to be treatable as it decreased after omalizumab therapy?!®. Un-
fortunately, in these studies no data were provided on the relationship of dynamic
hyperinflation with respiratory symptoms and limitations of daily life activities. Our
results confirm and extend previous studies by showing that dynamic hyperinflation is
highly prevalent in moderate to severe asthma and related to important patient-related
outcomes in daily life.

In the current study we found a high proportion of patients showing MPT-induced dyna-
mic hyperinflation, which might be explained by several factors. Firstly, we purposely
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chose to include only nonobese asthma patients with documented airway obstruction,
and without overt smoking-related COPD. However, we cannot exclude that in other sub-
groups of asthma, e.g. those without airway obstruction or those with obesity, the
proportion of patients showing dynamic hyperinflation and the clinical relevance of
dynamic hyperinflation might be different. Secondly, we used MPT to measure dynamic
hyperinflation. In COPD dynamic hyperinflation is commonly assessed by measuring
changes in inspiratory capacity during cardiopulmonary exercise testing (CPET)3, a
complex and laborious test. MPT, a far simpler and less strenuous surrogate of CPET,
has been shown in COPD patients to have a good overall accuracy to identify subjects
who are susceptible to developing dynamic hyperinflation during CPET and during ac-
tivities in daily life 3 33, In asthma, there are no studies on the role of dynamic hyperinfla-
tion in daily life activities and on the superiority of CPET or MPT to measure it. Our study
showed a good coherence between MPT-induced dynamic hyperinflation and asthma
symptoms during daily activities. This suggests that a simple MPT measurement might
be useful to predict the clinical effects of dynamic hyperinflation in daily practice.

The relationship between limitations in daily life activities and dynamic hyperinflation,
irrespective of level of airway obstruction, suggests a role for small-airway dysfunction.
In asthma, inflammation and remodelling have been demonstrated in central as well as
peripheral airways and there is growing evidence that small airway pathology is more
extensive and clinically relevant in patients with severe disease34-3. Small-airway ab-
normalities, whether due to remodelling, transient obstruction or ongoing inflamma-
tion contribute to increased airflow limitation and may lead to premature airway closure,
air trapping and eventually dynamic hyperinflation3” 38, Several studies have shown
small-airway dysfunction to be associated with poorly controlled asthma and asthma
exacerbations3®4°, Our results further contribute to the clinical relevance of small-airway
dysfunction by showing the relationship between dynamic hyperinflation and limitations
in daily life activities.

Interestingly, in severe asthma, the level of exhaled alveolar nitric oxide is closely rela-
ted to air trapping and airway closure®, supporting the theory that peripheral airway
inflammation and functional abnormalities are interrelated. Ongoing eosinophilic inflam-
mation in the small airways might underlie the demonstrated dynamic hyperinflation
in our patients, for which treatment with inhaled corticosteroids might be insufficient.
In line with this, a recent pilot study evaluating the usefulness of CPET in verifying and
quantifying symptomatic changes following omalizumab treatment showed significant
improvements in dynamic hyperinflation as well as exercise capacity'®. Previous and
current results suggest that the identification of small airways disease is not merely
speculative, but carries pathophysiological and therapeutic implications3¢.

Our results may have important implications for research as well as asthma management
in daily practice. The present study provides evidence that dynamic hyperinflation is one
of the factors contributing to asthma symptoms and impaired daily life activity. Im-
portantly, FEV; was not related to questionnaire scores, in line with previous findings
that FEV; cannot be used to predict exertional symptoms in asthma 2°. These findings
encourage the development of questionnaires capturing a broader panel of airway
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symptoms and the monitoring of dynamic hyperinflation in asthma management. We
showed that a relatively simple measurement of MPT-induced dynamic hyperinflation
may be used as an objective parameter significantly linked to patients’ subjective
reporting of activity limitation. So, MPT testing may provide an additional and useful
tool to assess and verify the individual clinical response to treatment, in daily practice
as well as in clinical studies. It remains intriguing what mechanisms underlie the de-
velopment of dynamic hyperinflation in subsets of patients with asthma. Whether the
demonstrated dynamic hyperinflation and related asthma symptoms are the conse-
quence of ongoing inflammation in the peripheral airways and might be reversed by
systemic anti-inflammatory treatment needs to be investigated.

In conclusion, in the present prospective study we have shown that in moderate to
severe asthma the proportion of patients showing dynamic hyperinflation is high.
Dynamic hyperinflation is associated with poorer overall health, lower wellbeing and
impaired activities of daily life. Therefore, dynamic hyperinflation is an important target
for treatment in moderate to severe asthma.
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Table S4.1 Relationship of degree of dynamic hyperinflation with questionnaire scores -
total and subdomains

ACQ r=0.315 p=0.005
cca r=0.320 p=0.005
SGRQ r=0.324 p=0.004
LCADL r=0.385 p=0.001
SOBDA r=0.228 p=0.046

CCQ, subdomains

Symptoms r=0.245 p=0.032
Functional state r=0.194 p=0.091
Mental state r=0.381 p=0.001

SGRQ, subdomains

Symptoms r=0.287 p=0.011
Activities r=0.347 p=0.002
Impact r=0.241 p=0.034

LCADL, subdomains

Self care r=0.362 p= 0.001
Domestic r=0.284 p=0.012
Physical r=0.193 p= 0.093
Leisure r=0.315 p=0.005

r: correlation coefficient by Spearman rank, with corresponding p-value. Definitions of abbreviations:
ACQ = Asthma Control Questionnaire, CCQ = Clinical COPD Questionnaire, SGRQ = St. George Respi-
ratory Questionnaire, LCADL = London Chest Activity of Daily Living questionnaire, SOBDA = Shortness
of Breath with Daily Activities questionnaire.
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Table S4.2 Relationship of FEV, and static hyperinflation with questionnaire scores

FEV1 %pred RV/TLC %pred FRC/TLC %pred
ACQ r=0.158 p=0.169 r=0.099 p=0.393 r=0.146 p=0.204
ccQ r=0.055 p=0.633 r=0.039 p=0.735 r=0.041 p=0.726
SGRQ r=0.142 p=0.219 r=0.200 p= 0.081 r=0.185 p=0.107
LCADL r=0.175 p=0.128 r=0.189 p=0.104 r=0.167 p=0.148
SOBDA r=0.156 p=0.142 r=0.254 p=0.026 r=0.284 p=0.0012

r: correlation coefficient by Spearman rank, with corresponding p-value. Definitions of abbreviations:
ACQ = Asthma Control Questionnaire, total score, CCQ = Clinical COPD Questionnaire, total score,
SGRQ = St. George Respiratory Questionnaire, total score, LCADL = London Chest Activity of Daily
Living questionnaire, total score, SOBDA = Shortness of Breath with Daily Activities questionnaire, total
score, FEV, = forced expiratory volume in one second, FRC = function residual capacity, % pred = per-
centage of predicted value, RV = residual volume, TLC = total lung capacity.
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ABSTRACT

Background

Dynamic hyperinflation (DH) is highly prevalent in moderate to severe asthma, which
may significantly impede activities of daily life. We hypothesized that DH in asthma is
due to inflammation of large and small airways and can be reduced by systemic anti-
inflammatory treatment. Therefore, we investigated the effect of systemic glucocor-
ticoids on DH in moderate to severe asthma patients and explored the relationships
between inflammatory markers and changes in DH.

Methods

In this randomized placebo-controlled trial we included 32 asthma patients on inhaled
glucocorticoid therapy showing DH, defined by a =10% reduction in inspiratory capa-
city measured by standardized metronome-paced tachypnea test. Patients received
either triamcinolone (80mg) or placebo intramuscularly. Before and 2 weeks after tre-
atment, patients completed respiratory health questionnaires, had blood eosinophils
and exhaled nitric oxide levels measured and underwent lung function and DH testing.

Results

After adjustment for potential confounders, DH was significantly reduced by 28.1%
in the triamcinolone group, and increased by 9.4% in the placebo group (p=0.027).
In the triamcinolone-treated patients, the reduction in DH was greater in patients with
higher blood eosinophils at baseline (r=-0.592, p=0.020) and tended to be associated
with a reduction in blood eosinophils (r=0.412, p=0.127) and exhaled nitric oxide
(r=0.442, p=0.099).

Conclusions

This exploratory study suggests that dynamic hyperinflation in asthma can be reduced
by systemic anti-inflammatory treatment, particularly in patients with elevated blood
eosinophils. This supports the hypothesis that dynamic hyperinflation in asthma is due
to airway inflammation and should be considered an important target for treatment.
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INTRODUCTION

Asthma is a heterogeneous airway disease affecting the large and small airways exhibi-
ting a variety in clinical, functional and inflammatory characteristics * 2. Recently, we have
shown that dynamic hyperinflation is highly prevalent in moderate-to-severe asthma
and is associated with poorer overall health and impaired daily life activity3. Because
of this impact on important patient-related outcomes, dynamic hyperinflation might be
a new target for treatment in moderate-to-severe asthma.

Dynamic hyperinflation is a well-known feature in COPD, but its importance in asthma
has only recently been appreciated®. In COPD, dynamic hyperinflation is mainly due to
abnormal lung mechanics caused by decreased elastic recoil, loss of alveolar attach-
ments and collapse of small airways®. In asthma, however, the mechanisms underlying
dynamic hyperinflation appear to be different. Studies have shown that asthma patients
with systemic eosinophilic inflammation were more likely to show air trapping as com-
pared to their non-eosinophilic controls®, and in patients with severe asthma the degree
of air trapping was shown to be significantly related to the level of exhaled alveolar nitric
oxide”. These and other findings suggest that airway inflammation, particularly of the
peripheral airways, may be the major contributor to reduced airway calibre, premature
airway closure, air trapping and eventually dynamic hyperinflation in patients with
asthma 8-1° Conceivably, inflammation of the peripheral airways cannot be adequately
controlled with inhaled glucocorticoids and therefore systemic anti-inflammatory the-
rapy may be more suitable.

In the present study we hypothesise that in asthma patients dynamic hyperinflation is
mainly caused by peripheral airway inflammation and can be reduced by systemic anti-
inflammatory treatment. To that end, we investigated the effect of a single high dose of
intramuscular triamcinolone on the degree of dynamic hyperinflation as measured by
metronome-paced tachypnea (MPT) test in moderate-to-severe asthma patients on
GINA step 4-5 treatment?!. In addition, we explored the relationship between inflamma-
tory markers (blood eosinophils and exhaled nitric oxide) and the change in dynamic
hyperinflation.

METHODS

Study participants

Patients (age 218 years) with moderate-to-severe asthma, using GINA step 4-5 treat-
ment (inhaled corticosteroids/long-acting B agonists and/or muscarinic antagonists)
for at least 6 months, were consecutively recruited from an outpatient clinic of a large
teaching hospital in the Netherlands (Medical Centre Leeuwarden) between June 2016
and January 2018. All patients were nonsmokers or ex-smokers with <10 pack-years,
had a body mass index (BMI) <30, had airway obstruction with a forced expiratory
volume in 1 s (FEV,)/forced vital capacity (FVC) <80% of predicted, and had stable res-
piratory disease prior to inclusion. A patient was considered to be atopic when showing
allergen-specific IgE level of =0.35 IU/mL to any of the tested common respiratory
allergens. Patients with concurrent respiratory disease, major comorbidities and preg-
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nancy were excluded. The study was approved by the local medical ethics committee
and all patients gave their written informed consent. The trial is registered at the
Netherlands Trail Register under number NTR5873.

Study design

This study is part of a research programme on the role of dynamic hyperinflation in
asthma.For the current randomised, double-blind placebo-controlled intervention study,
patients were included only if the degree of dynamic hyperinflation measured by MPT
was >10% and confirmed by a cardiopulmonary exercise test®12-15 At baseline patient
characteristics were collected (table 5.1). Patients were then randomised 1:1 to one
of the two treatment arms using a randomisation list with a block size of 6, with strati-
fication for level of baseline blood eosinophils (threshold at 0.4x10° cells/L). Two weeks
after the administration of the study medication, the effect on the degree of dynamic
hyperinflation was measured by MPT test!®. Before and 2 weeks after the administra-
tion of study medication patients completed a set of respiratory health questionnaires,
had blood drawn and underwent lung function tests.

The administered study medication consisted of one single intramuscular injection of
either 2 mL (40 mg/mL) triamcinolone acetonide (Kenacort-A® “40”, Bristol-Myers
Squibb, Utrecht, The Netherlands) or matched placebo (2 mL NaCL 0.9%). Study medica-
tion was prepared and blinded at the hospital pharmacy by an independent member
of the pharmacy and administered to the patients by an independent nurse. Therefore
participants, care providers and those assessing outcomes remained blinded till the
study ended. During the study patients continued their own medication.

Study measurements

MPT-induced dynamic hyperinflation

The degree of dynamic hyperinflation was assessed after bronchodilation with 400 pg
inhaled salbutamol? !4, For detailed explanation of the MPT testing procedure, see the
online supplementary material. The degree of dynamic hyperinflation was calculated as
the difference between the post-MPT inspiratory capacity and baseline inspiratory capa-
city at rest.

Lung function and questionnaires

Spirometry and body plethysmography testing were performed after inhalation of 400 ug
salbutamol” 8, This was followed by an exhaled nitric oxide fraction (FeNO) measure-
ment wherein subjects performed a slow expiratory vital capacity manoeuvre with a
constant expiratory flow of 50 mL/s. Levels of FeNO were expressed as parts per billion
(ppb)*. Symptoms were assessed using specific and general respiratory health ques-
tionnaires (table 5.2)3.

Statistical analysis

Sample size

A sample size of 16 subjects per group was calculated to have 80% power (with
a=0.05) to detect a difference in change in dynamic hyperinflation of 50% from pre- to
post-intervention between the two groups?°.
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Analysis
First, between-group differences at baseline were investigated by independent t-tests,
Mann-Whitney U-tests or Fisher’s Exact test.

Primary outcome: The primary outcome was the change in postbronchodilator MPT-
induced dynamic hyperinflation from baseline to post-treatment measured as the dif-
ference between dynamic hyperinflation 2 weeks after study medication minus dynamic
hyperinflation at baseline as percentage of dynamic hyperinflation at baseline. The dif-
ference in change in dynamic hyperinflation between the placebo and triamcinolone
group was assessed by independent t-test, followed by linear regression analyses to
adjust for potential confounders, i.e. variables with baseline differences (p<0.1) bet-
ween the two groups (FeNO, BMI, FEV,/FVC and functional residual capacity (FRC)/
total lung capacity (TLC)).

Secondary outcomes: As secondary outcome, we evaluated the treatment-induced
effects on symptoms, lung function and inflammatory parameters for which we used
paired t-tests or Wilcoxon rank tests (within-group differences) and independent t-tests
or Mann-Whitney U-tests (between-group differences). Finally, the relationship between
(change in) dynamic hyperinflation and (change in) inflammatory markers was assessed
by Spearman rank correlation coefficients. All analyses were performed using SPSS
software, version 24 (SPSS Inc., Armonk, NY, USA).

RESULTS

Randomisation

Seventy-seven patients were assessed for eligibility of whom 32 patients met the inclu-
sion criteria and were enrolled in this study (see flowchart figure 5.1). 17 patients
were randomised to placebo and 15 to triamcinolone treatment. Owing to a technically
incorrect measurement, one patient randomised to placebo was excluded prior to the
analyses.
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Figure 5.1 Flowchart study eligibility

[ Enrollment J Assessed for eligibility (n=77)

Excluded (n=45)
+ No MPT induced DH (n=35)
+ No CPET confirmed DH (n=10)

A4

Randomized (n=32)

)

v (

Allocation
Allocated to triamcinolone (n=15) Allocated to placebo (n=17)
+ Received allocated intervention (n=15) + Received allocated intervention (n=17)
3 { Analysis | LA
Analysed (n=15) Analysed (n=16)
+ Excluded from analysis due to technical
incorrect measurement (n=1)

DH: dynamic hyperinflation, reduction in inspiratory capacity measured as the difference between inspi-
ratory capacity at rest and inspiratory capacity following metronome-paced tachypnea; MPT: metrono-
me-paced tachypnea; CPET: cardiopulmonary exercise testing.

Baseline characteristics

There were no significant differences between the two groups in sex, age or smoking
history, but BMI tended to be slightly higher in the triamcinolone-treated patients com-
pared to placebo (table 5.1). We found no difference in blood eosinophil levels, as
expected after stratification; however, baseline FeNO was significantly lower in the
triamcinolone group as compared to the placebo group (median (IQR)=21 (13-26)
ppb versus 35 (22-92) ppb, p=0.036). There were no significant between-group dif-
ferences in baseline lung function parameters, though we observed a trend towards
higher FEV,/FVC and lower FRC/TLC values in the triamcinolone- versus placebo-tre-
ated patients.

Effects of triamcinolone treatment

Effect on dynamic hyperinflation

At baseline, there was no significant difference in the degree of postbronchodilator
MPT-induced dynamic hyperinflation between the groups (median (IQR)=600 mL
(370-860 mL) versus 520 mL (330-730 mL) for triamcinolone versus placebo group,
respectively, p=0.527). Two weeks after administration of the study medication, there was
a reduction in the degree of dynamic hyperinflation of 23.2% (95% Cl -46.6 to 0.25)
compared to baseline in the triamcinolone group versus an increase of 4.8% (95% Cl
-17.9 to 27.5) in the placebo group (between-group difference p=0.087) (figure 5.2).
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Table 5.1 Baseline characteristics

Placebo Triamcinolone p-value

Subjects, n 16 15

Sex, male, n (%) 9 (56) 9 (60) 1.000
Age, years” 65 (55-74) 63 (51-67) 0.452
Adult-onset (>18 yrs) asthma, n (%) 11 (69) 8 (53) 0.473
Atopic, n (%) 7 (44) 5(33) 0.716
BMI, kg/m?" 252+23 26.8+2.8 0.080
Pack years” 0 (0-1.5) 0 (0-5) 0.830
Fluticasone equivalent, mg” 500 (500-1000) 500 (500-1000) 0.578
OCS dependent, n (%) 3(19) 2 (13) 1.000
Exacerbations, preceding year” 2 (0-3) 2 (1-5) 0.493
Blood eosinophils, x 10%/L1* 0.2 (0.1-0.4) 0.2 (0.1-0.3) 0.951
FeNO, ppb* 35(22-92) 21 (13-26) 0.036
Pb FEV}, % pred? 66+ 16 77+ 17 0.235
Pb FEVI/FVC, % pred" 65+ 12 72+8 0.060
FRC/TLC, % predf 119+ 14 111 £15 0.097
ACQ, total score” 1.5 (1.0-2.4) 1.3 (0.8-2.8) 0.874

BMI: body mass index; OCS: oral corticosteroids; FeNO: exhaled nitric oxide fraction; Pb: post-bron-
chodilator; FEVi: forced expiratory volume in 1 s; FVC: forced vital capacity; FRC: functional residual
capacity; TLC: total lung capacity; ACQ: asthma control questionnaire; IQR: interquartile range.

#: median (IQR); 9: mean+SD

After adjustment for differences in baseline FeNO, one of the potential confounding
factors, it appeared that the effect of triamcinolone treatment on dynamic hyperinfla-
tion was even stronger, with a reduction of 28.1% (95% Cl -51.1 to -5.1) in dynamic
hyperinflation in the group treated with triamcinolone and an increase of 9.4% (95% Cl
-12.9 to 31.6) in the placebo group (between-group difference p=0.027) (figure 5.3).
Adjustment for other potential confounders at baseline (BMI, FEV,/FVC and FRC/TLC)
did not change this result (see figure S5.1 in the supplementary material).

Effect on inflammatory parameters, lung function and questionnaire scores

Blood eosinophil levels decreased and neutrophil levels increased after triamcinolone
treatment, whereas these levels were unaffected by placebo (between-group differences
for blood eosinophils p=0.011 and neutrophils p=0.006) (table 5.2).

With respect to lung function, treatment with triamcinolone significantly improved
FEV; and FVC (between-group differences p<0.004), but parameters of static hyperin-
flation and air trapping did not change in both treatment arms (between-group diffe-
rences for FRC/TLC and residual volume (RV)/TLC p=0.175).

All questionnaires showed an improvement in total scores after triamcinolone as well
as placebo treatment (table 5.2). There was a significantly larger improvement in the
Clinical COPD Questionnaire score in the triamcinolone group as compared to place-
bo (p=0.030).
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Figure 5.2 Effect of treatment with intramuscular placebo or triamcinolone on dynamic hyperinflation
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DH: dynamic hyperinflation, reduction in inspiratory capacity measured as the difference between
inspiratory capacity at rest and inspiratory capacity following metronome-paced tachypnoea.
Data are presented as median (interquartile ranges).

Figure 5.3 Change from baseline in dynamic hyperinflation (DH) after triamcinolone or placebo
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The change measured as the difference between dynamic hyperinflation post-treatment minus dynamic
hyperinflation at baseline as a percentage of dynamic hyperinflation at baseline and adjusted for differen-
ces in baseline exhaled nitric oxide fraction (FeNO). Data are presented as the adjusted mean and 95%
confidence interval estimated from the regression model conditional on the mean value for the level of
FeNO at baseline.
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Dynamic hyperinflation and inflammation

At baseling, in the group as a whole, a higher degree of dynamic hyperinflation was rela-
ted to higher baseline levels of blood eosinophils (r=0.446, p=0.012) and to higher FeNO
(r=0.278, p=0.131). In addition, higher levels of blood eosinophils at baseline were as-
sociated with greater reductions in dynamic hyperinflation following treatment with
triamcinolone (r=-0.592, p=0.020). In the triamcinolone-treated patients, the reduc-
tion in dynamic hyperinflation tended to be related to the reduction in blood eosino-
phils (r=0.412, p=0.127) and reduction in FeNO (r=0.442, p=0.099). Furthermore, in
these patients the improvement in FEV; was shown to be associated with the reduc-
tion in dynamic hyperinflation (r=-0.603, p=0.017).

DISCUSSION

This study shows that the degree of dynamic hyperinflation in patients with modera-
te-to-severe asthma was significantly reduced by systemic anti-inflammatory treatment
such as intramuscular glucocorticoids. This was independent of the degree of airway
obstruction. Moreover, the decrease in dynamic hyperinflation was greater in patients
with higher baseline blood eosinophils and tended to be related to a decrease in blood
eosinophils and FeNO. These results support the hypothesis that dynamic hyperinflation
is largely caused by airway inflammation and is therefore an important treatable trait,
especially in patients with eosinophilic asthma.

Our study expands previous findings on the importance of dynamic hyperinflation in
asthma and provides evidence that this disabling symptom is most prevalent in patients
with elevated blood eosinophils and, unlike in patients with COPD, can be ameliorated
by systemic anti-inflammatory treatment. We selected patients with dynamic hyperinfla-
tion and observed a higher age in this group as compared to regular asthma populations.
In addition, the majority of our included patients with dynamic hyperinflation were male
patients with an adult-onset non-atopic asthma and elevated blood eosinophils, sug-
gesting that dynamic hyperinflation might be more prominent in the so-called “late
onset eosinophilic asthma” phenotype. A few previous studies have investigated the-
rapeutic interventions on dynamic hyperinflation in asthma. One unblinded study in
10 patients with moderate-to-severe allergic asthma showed that the degree of dyna-
mic hyperinflation decreased with omalizumab treatment?!, whereas another study show-
ed improvements in hyperinflation indices in a subgroup of severe asthma patients
treated with benralizumab?2. More recently, the degree of MPT-induced dynamic hyper-
inflation was found to be related to serum periostin levels in mild to severe asthma
patients?, again suggesting a role for inflammation in the development of dynamic hyper-
inflation in asthma. While the mechanisms underlying the development of dynamic
hyperinflation in asthma merit further research, these and our results suggest that sys-
temic anti-inflammatory treatments, including monoclonal antibodies, may have the
potential to reduce impairments in daily life activities and improve exercise capacity by
decreasing dynamic hyperinflation, at least in a subset of asthma patients.

The strengths of our study are the prospective randomised controlled design of the
study, the selection of patients with exercise-test-confirmed dynamic hyperinflation,
the inclusion of inflammatory parameters and the use of a solid systemic anti-inflam-
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matory intervention. In this way, it was possible to demonstrate a clear relationship be-
tween dynamic hyperinflation and airway inflammation, as well as to provide a potential
treatment option.

Our study has limitations as well. First, there appeared to be a suboptimal balance be-
tween the groups in asthma severity (lower FeNO and better lung function in the triam-
cinolone-treated group). This might create a risk of underestimation of the effects of
triamcinolone, and therefore we adjusted for these variables. Second, the current study
was not primarily designed to investigate the effect on symptoms or quality of life. Two
weeks after trial medication we found a small improvement in favour of triamcinolone
treatment for one symptom score (Clinical COPD Questionnaire), whereas the other
symptom questionnaires improved equally in both treatment arms. A longer follow-up
period will be necessary to evaluate whether reduction of dynamic hyperinflation in-
deed leads to an improvement in asthma symptoms and quality of life in the long term.

The mitigating effect of triamcinolone on dynamic hyperinflation supports a causal role
for airway inflammation in the development of this phenomenon in asthma. Since the
patients in our study were already treated with inhaled anti-inflammatory drugs, our find-
ings suggest residual inflammation in the bronchial tree, which may occur in the central
airways but certainly also in the peripheral airways, especially because the peripheral
airways are known to be suboptimally reached by inhaled medications?* 25, Residual
inflammation in the peripheral airways causing dynamic hyperinflation may also explain
why many patients with severe eosinophilic asthma require systemic glucocorticoids or
steroid-sparing biologics in addition to inhaled medication to control their disease. This
is supported by studies showing that the anti-IL-5 monoclonal antibody mepolizumab
improves indices of peripheral airway function? and computational modelling studies
that confirm the impact of anti-inflammatory type 2 biologics on small airway calibre #".

Our findings have clinical implications. The current study provides evidence that dy-
namic hyperinflation in asthma, a major contributing factor to asthma symptoms and
impairment of daily life activities, can be treated with systemic anti-inflammatory treat-
ments in addition to inhaled glucocorticoids and B-2 agonists. This differs from COPD,
where dynamic hyperinflation is usually difficult to treat because it mostly results from
irreversible narrowing and collapsibility of the small airways. Now that we know that in pa-
tients with Type 2 asthma dynamic hyperinflation can be reversed with systemic anti-
inflammatory treatments, the long-term benefits on asthma control and quality of life have
to be confirmed to further support that dynamic hyperinflation deserves a prominent
place on the list of “treatable traits”?8.

In conclusion, this study shows that dynamic hyperinflation, a common and underes-
timated disability in patients with asthma, improves after treatment with systemic
glucocorticoids. This suggests that in asthma, unlike in COPD, dynamic hyperinflation
is at least partly caused by steroid-sensitive inflammatory processes in the airways. The
improvement in dynamic hyperinflation was found to be most pronounced in patients
with elevated blood eosinophils, suggesting that these patients will benefit most from
systemic anti-inflammatory therapies like the novel anti-eosinophil biologics.
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PROCEDURE TO ASSESS DYNAMIC HYPERINFLATION

The presence and degree of dynamic hyperinflation (DH) persisting after maximal bron-
chodilatation was assessed by metronome-paced tachypnea test!. The test was perfor-
med after inhalation of 400 mcg Salbutamol.

Performing metronome-paced tachypnea test, subjects were seated, breathing through
a mouthpiece connected to the spirometer (MasterScreen-PFT, Jaeger) and were in-
structed how to perform the inspiratory capacity (IC) manoeuvres. At the start of this
test the baseline IC was measured as the mean of three acceptable IC manoeuvres
while the patient was at rest. Subjects were then asked to breathe at a metronome-

paced frequency of twice the resting breathing rate for 20 seconds and immediately
afterwards an IC manoeuvre was performed?. The procedure was repeated after subjects
had returned to their resting breathing level. Subjects were encouraged to maintain a
stable tidal volume. DH was calculated as the difference between the IC measured during
increased pacing and the IC at rest. A decrease in IC of 210% was considered as DH? 3,

Figure S5.1 Change from baseline in dynamic hyperinflation after triamcinolone or placebo
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The change measured as the difference between DH post-treatment minus DH at baseline as a percen-
tage of DH at baseline and adjusted for differences in baseline FeNO, BMI, FEV:/FVC and FRC/TLC.
Data are presented as the adjusted means and 95% confidence intervals estimated from the regression
model and conditional on the potential confounders being centered around their mean values.
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ABSTRACT

Background

Overuse of oral corticosteroids (OCS) is associated with serious adverse effects. It is
currently unknown what proportion of asthma patients regularly use these drugs, nor
whether they are optimally treated by specialists to minimize their use.

Objective

To investigate 1) the prevalence of patients requiring =2 courses or maintenance use
of OCS (i.e. frequent users), 2) their use of inhaled corticosteroids, 3) and who pres-
cribed their asthma medications.

Methods

We analysed OCS prescription data (Dutch IQVIA Prescription Database) focusing
on adult patients receiving asthma medication between March 2017 and March 2018
(focus year). An OCS course was defined as =20mg prednisolone equivalent for 3 to
28 days; maintenance OCS as 2.5 to17.5 mg/day for >28 days. Prescribers were clas-
sified as specialist or general practitioners.

Results

Of 182,849 adults taking asthma medications, 77.8% had not received a prescription
for OCS and 7.2 % of patients were frequent OCS users: 2.6% received =2 OCS courses
and 4.6% were on maintenance OCS. Of the frequent OCS users 45.8% received only
low or medium doses (<500 pg/day) of inhaled corticosteroids. Within the preceding
3 years (2014-2017), 51.1% and 34.3% of patients prescribed =2 OCS courses or main-
tenance OCS, respectively, had received prescriptions from a general practitioner
without medication adjustments by a specialist.

Conclusion

This prescription-fill study shows that 7.2% of Dutch asthma patients were overexposed
to OCS, of which only about half used adequate doses of inhaled corticosteroids, and
40.3% had not received specialist intervention within the previous 3 years. This sug-
gests that OCS overuse is often underdiagnosed and inadequately addressed.
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INTRODUCTION

Oral corticosteroids (OCS) are powerful anti-inflammatory drugs and 25-40% of all OCS
prescriptions are attributable to respiratory conditions, especially airway diseases -3,
For asthma this includes short OCS courses to treat acute exacerbations, as well as
maintenance OCS therapy in severe asthma patients®. Despite their benefits, OCS have
well-known long-term side effects®®. While recognizing the potential side effects of
OCS in high-risk patients, many health care providers seem to assume that short courses
of OCS are innocuous®. However, there is growing evidence that the risk of side effects
is related to the cumulative lifetime OCS exposurel® and that not only maintenance
OCS treatment, but also repeated short OCS courses have significant impact on
steroid-induced morbidity in asthma'?. The latter is associated with increases in non-
asthma related healthcare use and costs, but above all it poses a significant burden to
patients 1314,

Patients are entitled to good asthma care, which includes avoiding unnecessary exposure
to OCS 45, This is increasingly achievable through the development of new monoclonal
antibodies targeting type 2 inflammation 16 which have strong corticosteroid-sparing
properties, and have hugely improved outcomes for many patients with severe asthma -2,
Nevertheless, OCS are widely prescribed?>?* and many asthma patients are exposed to
potentially toxic cumulative doses?#?5, underlining the need for strategies to prevent
avoidable harm.

To develop a model of “corticosteroid stewardship” with targeted interventions aimed at
reducing inappropriate OCS prescribing behaviour 9, it is important to know the pro-
portion of patients who are exposed to high doses of OCS, whether these patients
are treated with adequate doses of inhaled corticosteroids (ICS), and whether they
are seen regularly by an asthma specialist for adjustment and optimization of asthma
therapy.

To that end, we analysed Dutch dispensing data to investigate the prevalence of OCS
users in asthma patients, as well as the involvement of specialists and general practi-
tioners (GPs) in the prescription of OCS in patients with asthma of different levels of
severity. In addition, we estimated the contribution of OCS course prescriptions versus
maintenance OCS use prescriptions to cumulative OCS exposure in these patients.

METHODS

Data source

This national retrospective cohort study included data obtained from IQVIA’s Real-World
Data Longitudinal Prescription database (LRx, Amsterdam, The Netherlands) from March
2017 to March 2018 (focus year). The database provided a coverage of approximately
75% of all prescriptions dispensed in the Netherlands, represented by retail pharmacies,
hospital pharmacies and dispensing GPs (n=1430). This database is generally represen-
tative for the Netherlands and contains coded patient prescription pick up data from
pharmacy records, including patient (e.g., sex, age), dispensing (e.g., pharmacy, pres-
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cription date), medication (e.g., name, dose, strength, therapy duration), and prescriber
information?®. For this study, records (e.g., patients) with dispensed prescriptions of
appropriate asthma medication were selected (see next section).

Patient selection

First, the records of the total pharmacy database were restricted to appropriate RO3
medications for airways diseases (inhaled corticosteroids (ICS), long-acting B-agonists
(LABA), muscarinic antagonists (LAMA), ICS/LABA, LABA/LAMA), (Anatomical The-
rapeutic Chemical (ATC) codes R0O3; system of alphanumeric codes developed by the
World Health Organisation for the classification of drugs, subgroup RO3 is part of the
anatomical group R Respiratory system). Secondly, patients =18 years, who received
=2 prescriptions of ICS (e.g., single ICS or ICS/LABA) for at least 4 months of therapy
duration were selected. This 4-month period could have started before the focus year.
Patients with single LABA, LAMA or LABA/LAMA use and patients >50 years using
ICS without having prescriptions for biologics or allergy medication were excluded to
limit the potential influence of COPD on OCS prescriptions. In addition, an average
prednisolone equivalent dose of 230mg for =28 days was considered as medication
use for other chronic diseases (for example, sarcoidosis, vasculitis, other interstitial lung
diseases) and patients receiving these were therefore excluded. In this context, patients
with the co-medication methotrexate were also excluded. Patients who met the above
inclusion criteria were defined as asthma patients on ICS (Figure 6.1).

Inhaled and oral corticosteroids use

The dose strengths for all ICS molecules were converted to fluticasone equivalent.
The average daily dose was calculated for each 90-day period for up to 1 year (focus year)
using moving averages. Subsequently, patients were classified into low, medium and
high dose ICS users based on the GINA treatment steps ?’.

The use of OCS was determined by the drug name on the prescription records and the
average daily dose per prescription was calculated as an average of all OCS prescrip-
tion in the focus year. Subsequently, patients were classified as non-users, course-only
patients and those on maintenance use. OCS courses were defined as a prescription
of <28 days and average daily dose =20mg prednisolone equivalent. Maintenance
OCS therapy was defined as a prescription of >28 days (with a minimum of 2 prescrip-
tions) and an average daily dose of >2.5mg to <17.5mg prednisolone equivalent. Treat-
ing patients with an OCS dose of >20mg for =28 days is uncommon in asthma treat-
ment in the Netherlands. Based on the number of prescription days and the average
daily dose per prescription, all remaining combinations of OCS dose and duration were
considered as out of scope and were excluded (Figure 6.1).

Finally, for each patient the cumulative OCS dose in the focus year was calculated by
multiplying the number of prescription days with the average daily dose per prescription
day. To assess the relative contribution of the patients on courses versus those on
maintenance therapy to the total OCS exposure, we calculated the total OCS dose in
the focus year for this population as the sum of the yearly cumulative doses of all patients
included.
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Prescriber information

For each patient we classified which prescriber made the prescription of asthma medi-
cation. In the focus year, if any prescription (i.e. ICS, OCS or other asthma medication) was
found from a pulmonologist, Ear-Nose-Throat (ENT) specialist or allergist, the prescriber
was set to specialist. Otherwise, the prescriber was set to whatever other physician was

Figure 6.1 Patient flowchart
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ATC, Anatomical therapeutic chemical; code RO3, drug claim for obstructive lung disease; COPD, chronic
obstructive pulmonary disease; ICS, inhaled corticosteroids; LABA, long-acting B-agonists; LAMA, long-acting
muscarinic antagonists; OCS, oral corticosteroids. #0CS use for other chronic disease defined as a pred-
nisolone equivalent dose of 230 mg for >28 days or comedication methotrexate. *OCS course defined as a
prescription of <28 days and daily dose =20 mg prednisolone equivalent. **Maintenance OCS use defined
as a prescription of >28 days (with a minimum of 2 prescriptions) and a daily dose of 2.5 mg to <17.5 mg
prednisolone equivalent.
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found, which in all cases was the GP. Likewise, this was extended up to 1, 2 and 3 years
prior to the focus year.

Dutch healthcare system

In the Netherlands the healthcare system is managed by the government and supplemen-
ted by private insurance companies, with residents required to take out health insurance
coverage to access healthcare services. To visit a specialist the patient needs a referral
from a GP. In addition, the prescription of biologics in the treatment of severe asthma is
only performed by asthma specialists, who in the vast majority of cases will be pulmo-
nologists and in a few cases allergists or ENT specialists.

Statistical analyses

The data were evaluated descriptively. First, we calculated the proportion of patients with
>2 OCS courses or maintenance OCS (i.e. frequent users) and analysed the proportion
of patients using low, medium and high dose ICS?". Then we investigated the contribu-
tion of specialists and GPs in the prescribing of asthma medications, in the focus year
and up to 1, 2 and 3 years before the focus year. We also described the median cumu-
lative OCS dose (with interquartile range) among patients receiving OCS courses or
maintenance OCS therapy in the focus year, and subsequently calculated the relative
contribution of these patient groups to the total OCS exposure on population level.
All data selection and validation steps were performed using SAS version 9.3 (SAS
Institute, Cary, NC, USA) and descriptive analyses performed using Microsoft Excel
2003 and SPSS version 24 (IBM, Armonk, NY).

RESULTS

Study population

Figure 6.1 shows patients’ inclusion flowchart. From a total of 9,059,497 records in the
IQVIA prescription database, we selected 185,783 patients on asthma medication (=18
year and =2 prescriptions of ICS for at least 4 months of therapy duration). Of this group,
2,934 patients were excluded due to out-of-scope OCS doses, i.e. OCS prescriptions
that did not meet the defined criteria for OCS courses or maintenance OCS use.

The final study population consisted of 182,849 adult patients on asthma medication.
The median age was 51 years (inter quartile range (IQR) 39-66), 59.4% were female
and the majority (75.6%) were treated with medium to high dose ICS?".

Of the 182,849 enrolled patients, 40,679 (22.2%) had received at least one OCS pre-
scription in the focus year. Of these, 8,467 (4.6%) patients were classified as mainte-
nance OCS users, with a median daily dose of 10mg prednisolone equivalent (IQR 7.3-
12.9mg). The remaining 32,212 (17.6%) patients were labelled as course-only patients,
who received a median of 1 OCS course (range 1-7) in the focus year.
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Figure 6.2 ICS use and specialist involvement in the management of frequent OCS users
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In the focus year, 83.9% of patients did not receive any prescription of a specialist.
Of 16.1% who did, 94.1% was attributable to pulmonologists, 4.8% to ENT physicians and
1.2% to allergists.

Proportion of patients with 22 OCS courses or maintenance OCS use

Figure 6.2 shows ICS use and specialist involvement in the management of frequent
OCS users. We found that 13,204 (7.2%) of the total group of asthma patients had
either received =2 courses of OCS (2.6%) or maintenance OCS therapy (4.6%) in the
focus year. Of the 4,737 patients with >2 courses of OCS, only 53.9% had used high
ICS doses in the focus year, and 51.1% had not received any prescription for asthma
medications from an asthma specialist up to 3 years before the focus year. Of the
8,467 patients on maintenance OCS therapy 54.4% used high doses of inhaled corti-
costeroids, and still 34.3% had not received a prescription from a specialist over the
previous 3-year period.

Contribution of OCS courses versus maintenance OCS to (high) OCS exposure

The cumulative dose of OCS in the focus year was the highest in the group treated
with maintenance OCS therapy (median 760 mg prednisolone equivalent/person,
IQR 450-1680 mg/person) as compared to the group with =2 OCS courses (median
400mg/person, IQR 300-449 mg/person) and group with 1 course (median 210, IQR
150-210). These cumulative doses did not substantially differ between the ICS low,
medium and high dose groups (data not shown).

Although the group of patients using maintenance OCS therapy was relatively small
(i.e., 4.6% of all patients included in the study, and 20.8% of all patients who had used
any OCS during the focus year), this group contributed most (i.e., 56.8%) to the total
OCS exposure on a population level. Patients receiving one or =2 OCS courses con-
tributed 32.6% and 10.6%, respectively, to the total OCS exposure on a population
level in the focus year.

DISCUSSION

The present study using pharmacy dispensing data from 182,849 adult asthma patients
in the Netherlands, shows that 22.2% of patients received at least one prescription for
OCS during the focus year; 2.6% of patients were exposed to =2 OCS courses and 4.6%
to maintenance OCS therapy. The majority (=57%) of patients with frequent OCS use had
their OCS prescribed by a GP in the focus year. About half of patients with frequent
OCS courses and one third of patients on maintenance OCS had not been prescribed
any asthma medication by a specialist up to 3 years before the focus year, suggesting
that these patients were treated in primary care, without specialist supervision. Mainte-
nance OCS therapy contributed most to the cumulative OCS dose, both at patient and
population level. However, OCS dose attributable to courses still accounted for about
40% of total OCS exposure and this pattern did not substantially differ between different
levels of asthma severity.
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Consistent with previous studies, we found that frequent OCS use in asthma patients is
common, although there are differences in reported prevalence varying from 3.6 to
62% 2528, We distinguished between frequent OCS courses and maintenance therapy.
This showed that while OCS maintenance therapy contributed most to the cumulative
OCS dose, the contribution of frequent courses to OCS exposure was also significant.
The harmful effects of maintenance OCS are widely recognised, but previous studies
have made it clear that even short courses for the treatment of asthma exacerbation
are not without harm %224, Our data substantiates the impact of these frequent courses
and highlights the need to pay extra attention to exacerbation management. Our study also
showed that a large proportion of asthma patients received prescriptions for asthma
medications including OCS exclusively from their GP. This is in line with the findings of
other studies conducted in Europe and Australia 2#252°, In Australia 76% of OCS prescrip-
tions were provided by GPs?*, which is not surprising given the better geographic avail-
ability of the GP in case of acute asthma exacerbations. Our results confirm and extend
previous findings not only by providing a clearer insight into the involvement of specialists
and GPs in the prescription of OCS, but also into the contribution of frequent courses
and maintenance OCS to the total OCS exposure.

The strength of this study lies in the use of the IQVIA’s Real-World Data Longitudinal Pre-
scription database. This database has a coverage of 75% of all prescriptions dispensed
in the Netherlands, which makes the results of this study highly representative at a
national level for asthma patients. However, it remains challenging to include only patients
with OCS use related to asthma. For this reason, we used a reserved approach towards
the inclusion of patients with the risk of underreporting of the actual number of the ast-
hma population. We excluded all patients not using ICS. It may be possible that OCS
overuse in these asthmatics is even higher. Furthermore, we excluded patients >50 years
who otherwise met our inclusion criteria if they were not taking a biologic or anti-allergy
medication in addition to their ICS. This was done in an attempt to exclude the poten-
tial influence of COPD on OCS prescriptions. In doing so, we may have unfairly excluded
older non-allergic asthma patients. Another limitation of this study might be the difficul-
ty to distinct between OCS courses for acute situations and maintenance OCS use.
We have proposed certain definitions of OCS use, but we are also well aware that this
might be arbitrary. With these definitions, the patients with maintenance OCS therapy
contributed most to the OCS cumulative dose (56.8%) as compared to the group with
OCS courses (43.2%). However, the contribution of OCS courses could potentially be
underestimated by missing the temporally increased maintenance OCS dose in an
acute exacerbation or extra OCS courses on top of the maintenance OCS therapy.

Remarkably, our Dutch dispensing data showed that even up to 3 years before the focus
year both patients with frequent OCS courses and maintenance OCS had not been
prescribed any asthma medication by a specialist. This suggests that there has been no
specialist intervention in these patients for a long period of time, potentially inadequate
assessment of asthma control, adherence to ICS, and adjustment of ICS dose while high-
risk OCS doses were frequently prescribed. Apparently, there are many patients with
uncontrolled asthma who are not seen by an asthma specialist. This is supported by
previous studies in other countries in which a substantial part of more severe asthma
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patients is managed without asthma specialist involvement 24252930 |t is important to
identify these uncontrolled asthma patients regardless of where they are being managed,
as they are at risk for OCS toxicity and deserve to be treated with adequate doses of
ICS and, if indicated, with add-on biologics according to current guideline recommen-
dations.

Our study provides a clear insight into the high prevalence of OCS prescriptions in asthma
patients. Both GPs and specialists seem to prescribe these drugs too often and too
easily. This may be due to unnoticed repeat prescriptions of OCS, ignorance of the toxi-
city of short OCS courses, and lack of awareness of novel treatment options by both
physicians and patients 3. Yet, this is not surprising. For many years OCS was the main
treatment for uncontrolled asthma by effectively suppressing airway inflammation
leading to better asthma control and reduction of exacerbations and hospitalisations 32.
However, we can no longer take for granted the serious side-effects and co-morbidities
associated with long-term and even short-term OCS 1+3334 New biologics effectively
target type 2 inflammation resulting in a significant reduction of exacerbations, fewer
OCS courses, and an eminent OCS sparing effect in patients on maintenance OCS
therapy 2%, It is also important to identify patients with uncontrolled asthma without
proven type 2 airway inflammation. While these patients may not benefit from OCS,
this may go unnoticed if there is an inappropriate assessment of medication response
and asthma control. Unfortunately, still a substantial proportion of these patients receive
frequent OCS courses or even maintenance OCS therapy without any effect on their
symptoms. Such inappropriate prescribing of OCS is also reflected in our findings,
that half of the patients who were frequently exposed to OCS courses and even to
maintenance OCS therapy used only low doses of ICS.

Global guidelines recommend only a short course of OCS for severe asthma exacer-
bations while low dose maintenance OCS should now only be given as a last resort in
uncontrolled asthma patients who have failed treatment with biologics*. So, we have to
rethink our approach towards prescription of maintenance OCS use and frequent
OCS courses in asthma exacerbation management. To address this issue, it is essential
to create awareness and understanding about the OCS burden among GPs and speci-
alists to make a major difference in patient outcomes and healthcare costs. And even
more importantly to educate, involve and empower patients in the treatment of their
asthma. Based on our findings we strongly encourage the implementation of new
protocols and tools, such as alert systems flagging OCS overuse or asthma attack risk
scales, that can be used in daily practice for physicians and patients to reduce the
OCS burden in asthma patients 3536,

In conclusion, our study shows that a substantial proportion of asthma patients in the
Netherlands were exposed to frequent OCS courses or maintenance OCS therapy.

Half of the patients did not use ICS in sufficient doses and 40.3% had not undergone
intervention of an asthma specialist for years. This suggests that OCS are often incor-
rectly prescribed, both by specialists and GPs. Exposure of asthma patients to OCS
could be drastically reduced if work-up and therapy adjustment protocols are im-
plemented and better education is provided about new targeted treatments. These
measures will ultimately minimize the dreaded long-term side effects of OCS therapy.
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Chapter 7

AIM OF THE THESIS

The overarching aim of this thesis was to focus on several key questions related to com-
mon and neglected treatable traits in adult asthma. First, we evaluated the possible
benefits of a systematic multidisciplinary patient assessment, taking into account se-
veral treatable traits, in a specialised severe asthma centre. Further, we provided an
overview on the emerging relationship between asthma and nasal polyposis, one of the
most important traits, to gain insight in the epidemiology, pathophysiology, impact
on asthma control and clinical assessment as well as the treatment options. Next, we
evaluated the role and treatment of a possible new high impact treatable trait in asthma.
Namely, dynamic hyperinflation in moderate-to-severe asthma. Lastly, we explored the
overuse of oral corticosteroids (OCS) as an important treatable trait. We estimated the
prevalence of OCS overuse in asthma patients in the Netherlands, and investigated
whether these patients were treated with adequate doses of inhaled corticosteroids (ICS)
and whether they regularly visited an asthma specialist to minimize excessive OCS use.

MAIN FINDINGS AND THEIR RELATION TO PREVIOUS LITERATURE

A systematic multidisciplinary approach is indispensable

In patients with difficult-to-treat asthma, a wide range of contributing factors may play a
role, such as incorrect diagnosis, under- or untreated comorbidities, poor compliance
and continuous exposure to triggers, leading to uncontrolled asthma despite high in-
tensity asthma treatment?'. Because of this complexity, it is often too time-consuming
for clinicians to accurately assess these patients during a short routine consultation.
However, a thorough assessment is very important, not only to prevent patients from
being treated unnecessarily with OCS but also to assess whether they suffer from truly
severe asthma and are therefore eligible for treatment with expensive biologics?2. As
a consequence, a systematic approach, preferably multidisciplinary?, is recommended
by all international severe asthma guidelines*”. The importance of such an asthma assess
ment is commonly recognized, but the implementation in daily practice remains chal-
lenging.

In chapter 2, we prospectively evaluated the possible benefits of a 1-day systematic
multidisciplinary assessment, resulting in a personalised management plan carried out
by the referring pulmonologist, in patients with uncontrolled asthma despite standard
asthma therapy in a specialised severe asthma centre. This assessment included an evalu-
ation by an asthma specialist, physiotherapist, clinical psychologist and specialised asthma
nurse. The effect of a personalised management plan on asthma control, quality of life
and healthcare use was evaluated after 1 year in 40 patients. Compared to the year
preceding the assessment both asthma control and quality of life significantly im-
proved in the 12 months’ follow up. Regarding healthcare use, the number of exacer-
bations, emergency room visits and hospital admissions were reduced by 54%, 57%
and 43% after 1 year. These results suggest that a 1-day systematic multidisciplinary
assessment is beneficial in uncontrolled asthma patients.



General discussion

Following the publication of our work?®, several systematic asthma assessment models
have been developed and published that prove their added value in asthma care®. Hew
and colleagues conducted a review comparing various models of patient selection, ser-
vice configuration, and assessment protocols for difficult-to-treat asthma & °-12, This
review also included our extensive 1-day assessment. The other models in which a syste-
matic assessment was delivered ranged from a “total care” model with an initial
assessment ending in ongoing treatment in a specialised asthma centre to a model
with an initial assessment ending in time-limited treatment in a specialised asthma
centre. Although the design of the other three systematic asthma assessments differed,
they all showed comparable results with fewer exacerbations, improved asthma control
and quality of life, and reduced healthcare use.

The limitation of all these studies is the lack of comparison with standard care in a ran-
domized controlled trial (RCT). Interestingly, in 2020 an RCT was published in which
usual care was compared to targeted management of treatable traits after a multi-
dimensional assessment of all patients in a specialised severe asthma centre®®. The
intervention group showed a significant improvement in health-related quality of life and,
asthma control, and less asthma exacerbations as compared to the group with usual care.

The abovementioned studies were conducted during the time when relatively few bio-
logics were prescribed and OCS maintenance therapy was the last resort in patients
with severe asthma. In our study 28% of the uncontrolled asthma patients were on
OCS maintenance therapy at presentation. Although not statistically significant for the
overall group of patients, there was marked reduction in individual OCS maintenance
dose 1 year after the assessment and personalized treatment. The trend we observed
in OCS use, has since been confirmed by a more recent study performed in Australia.
The authors demonstrated that a systematic assessment followed by management of
factors that result in difficult-to-treat-asthma can lead to a more than 50% reduction in
OCS use, which is comparable to the effect of biologic therapy!4. These results show
that a systematic approach can also contribute to reducing the OCS burden in uncon-
trolled asthma patients. Recently, the benefits of a systematic asthma assessment in
the current era of biologic therapy have been evaluated in centres for severe asthma
in UK, Scotland and Northern Ireland®®. This large study with 1,140 patients with severe
asthma again showed improvement in asthma control, reduced healthcare utilisation
and reduction in maintenance OCS use, irrespective of the use of biologic therapy.

In recent years, it has become clear that a multidisciplinary systematic assessment leads
to better outcomes in patients with uncontrolled asthma. The results of chapter 2 high-
light the need for such an approach. Furthermore, chapter 2 shows that favourable out-
comes can be achieved with a single extensive 1-day assessment at a specialised
severe asthma centre resulting in a personalised management plan carried out by the
referring pulmonologist instead of continuous management in a specialised centre.
Given the challenges in embedding a systematic asthma assessment into everyday
practice, our study yields important and clinically relevant results, providing a model of
care that can be implemented in other asthma centres.
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A new era in the treatment of chronic rhinosinusitis with nasal polyposis

At the start of the work described in this thesis, the link between asthma and chronic
sinusitis (CRS) was well known, but the importance of chronic rhinosinusitis with nasal
polyposis (CRSwWNP) was only recognized by a few asthma specialists. In chapter 3, we
reviewed the relationship between asthma and nasal polyposis from the chest physician’s
view. We found that asthma patients with concomitant nasal polyposis experienced
more severe disease with impaired asthma control, increased airway obstruction and
eosinophilic airway inflammation. We concluded that screening for and treatment of
nasal polyposis in uncontrolled asthma patients is important, as is collaboration with
otorhinolaryngologists in order to improve asthma control. These observations per-
fectly fitted within the concept of united airway disease?®.

Over the past 6 years, there have been significant advances in the treatment of asthma
with comorbid CRSwWNP. Already at the time of writing our review article, chest physi-
cians gained experience with the new immunomodulatory therapies for patients with
severe eosinophilic asthma, which were not yet available for patients with CRSwNP.
In light of the concept of “united airways disease”, similar pathological processes under-
lying asthma and CRSwWNP were hypothesized and therefore the same beneficial effects
of biologic agents on both upper and lower respiratory tract disease were expected.
Indeed, omalizumab (anti-immunoglobulin E (IgE)) was the first to show such positive
effects on both asthma and nasal polyposis* 8, Furthermore, there was growing eviden-
ce that anti-interleukin (IL)-5 therapy, in addition to its beneficial effect on severe asthma,
was also effective in comorbid nasal polyposis!®2°. Dupilumab (anti-IL-4/I1L-13) was still
under investigation at that time, but also showed tentative positive effects on both se-
vere asthma and nasal polyposis?" 22, Yet, several years later it turns out that biologic
treatment of severe asthma with comorbid CRSwWNP is more complicated than we ini-
tially thought. We now have experience that several patients with severe eosinophilic
asthma and comorbid CRSWNP show complete recovery of asthma symptoms during
biologic therapy, while their sinonasal symptoms persist. Although nasal polyposis
emerged as a predictor of better asthma outcomes for anti-IL-5 biologics?3, the same
nasal polyposis does not always respond, suggesting that IL-5 independent pathways
may be involved. Thus, despite the obvious relationship between asthma and CRSwWNP,
the divergent response to biologic therapy warrants further research.

In recent years, the treatment of CRSwWNP with biologics has undergone impressive
further developments?#-26, Currently, three biologics (omalizumab, mepolizumab and
dupilumab) have received approval from the United States Food and Drug Administra-
tion (FDA) specifically for the treatment of nasal polyposis in patients with and with-
out comorbid asthma?” 28, In patients with CRSWNP omalizumab significantly improves
nasal polyps score, nasal congestion, sense of smell, postnasal drip and reduced the
need for surgery?® 3% Moreover, the improvements in asthma outcomes were greater
in severe asthma patients with CRSWNP as compared to those without CRSWNP3* 32,
Both mepolizumab and dupilumab showed similar results in improvement of sinonasal
symptoms and asthma outcomes, with more improvement in patients with nasal poly-
posis¥-, Interestingly, some recent reviews have been published that indirectly com-
pared the effect of omalizumab, mepolizumab and dupilumab in patients with CRSwNP.
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All of these studies show that dupilumab is most effective in improving sinonasal symp-
toms, reducing disease severity and the need for surgery, while omalizumab and me-
polizumab alternately rank second in efficacy®-%°. Benralizumab and reslizumab, two
other asthma biologics, did not (yet) receive approval from the FDA for the treatment
of nasal polyposis in patients with or without comorbid asthma. Nevertheless, favour-
able outcomes of these therapies have been described in studies in patients with severe
asthma which also included the effects on comorbid CRSwWNP 442,

Thus, with chapter 3, we contributed to the emerging knowledge about the link between
asthma and nasal polyposis, which now has become a key topic. Taking into considera-
tion the available evidence, it is now clear that the presence of chronic rhinosinusitis
especially with nasal polyposis plays a crucial role in asthma control. Remarkably,
nasal polyposis or the combination of CRSWNP was not mentioned on the list with
treatable traits*3. However, nasal polyposis cannot longer be denied and should be added
to this list.

Discovery of a new treatable trait

Dynamic hyperinflation is a well-known feature in chronic obstructive pulmonary dis-
ease* and strongly related to exertional dyspnoea and diminished daily life activity 4546,
Since a subset of asthma patients present with similar complaints*” the question arises
whether dynamic hyperinflation could play a role and could become a target for treat-
ment in these patients as well. At the start of our research only a few small studies sug-
gested that dynamic hyperinflation was present in asthma#-5°,

In chapter 4, we prospectively evaluated the prevalence of dynamic hyperinflation in
moderate-to-severe asthma patients. In addition, we assessed the relationship between
the degree of dynamic hyperinflation and severity of respiratory symptoms and limita-
tions of daily life activities derived from five different respiratory health questionnaires.
We found that 81% of patients with moderate-to-severe asthma showed dynamic hyper-
inflation. Also, higher levels of dynamic hyperinflation were related to poorer overall
health and impaired daily life activities, independent of asthma severity.

Our results were confirmed by a recent study in which a substantial proportion of
asthma patients showed hyperinflation®'. Moreover, patients with active asthma, and
more severe and uncontrolled disease showed a higher degree of hyperinflation. In
another, smaller study, 60% of asthma patients presented with dynamic hyperinflation®?,
And again, patients with more severe disease, defined by GINA treatment step 4-5,
showed higher levels of dynamic hyperinflation. These results suggest that there
should be a greater awareness of dynamic hyperinflation in asthma patients in daily
practice.

In COPD, abnormal lung mechanics caused by reduced elastic recoil, loss of alveolar
attachments and airway collapse are invoked to explain the occurrence of dynamic
hyperinflation®3. In asthma, it is believed that airway inflammation, particularly of the
small airways, contributes to the pathogenesis of dynamic hyperinflation. Both airway
oedema and increased mucus production due to inflammation has the potential to
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limit airflow and lead to premature airway closure, air trapping and eventually dynamic
hyperinflation in patients with asthma®*-¢, On the other hand, dynamic hyperinflation
itself can enhance inflammation through cellular stretching and tissue damag®’. More-
over, air trapping was more prominent in patients with adult-onset (severe) asthma with
systemic eosinophilic inflammation or higher levels of exhaled alveolar nitric oxide®-6°,
The fact that inflammation is associated with dynamic hyperinflation, was also demon-
strated in a study in which periostin, an inflammatory marker in asthma, was related
to a higher degree of dynamic hyperinflation®2.

Considering the impact of dynamic hyperinflation on relevant patient related outcomes
and its relation with small airway inflammation, it could be seen as a target for treat-
ment. Therefore, in chapter 5, we assessed in an RCT the effect of systemic glucocorti-
coids (a single high dose of intramuscular triamcinolone) on the degree of dynamic
hyperinflation in moderate-to-severe asthma. The degree of dynamic hyperinflation
was significantly reduced in the group treated with triamcinolone as compared to the
placebo group. Furthermore, we evaluated the relationship between inflammatory
markers and the change in dynamic hyperinflation. In the triamcinolone-treated group,
the reduction in dynamic hyperinflation was greater in patients with elevated blood
eosinophils (=0.3 x 109/L) and tended to be related to a reduction in blood eosino-
phils and exhaled nitric oxide.

The role of small airway disease (SAD) has been understudied in asthma, although it
contributes significantly to airflow limitation which can lead to dynamic hyperinflation
as mentioned above. The ATLANTIS study, the first large multinational study on this
topic, emphasized the important role of SAD by showing its presence in the majority
of asthma patients®. More recent studies have shown that the prevalence of SAD in-
creases with disease severity and is associated with poorer asthma control and more
exacerbations®. SAD has also been linked to diminished physical activity®. Thus,
SAD is increasingly recognized as a relevant target for asthma treatment. A recent
review suggests that biologics can favourably improve the function of small airways®.
Although direct comparisons are lacking between the five available asthma biologics,
in this review mepolizumab and benralizumab appeared to be of greater impact on SAD
as compared to other biologic agents. With regard to dynamic hyperinflation as a SAD
parameter, apart from our study, there are no other RCTs investigating its modifiability
by biologics. Only a small unblinded study showed that the extent of dynamic hyperin-
flation decreased with systemic omalizumab treatment, which also corresponded to
an improvement in symptoms and exercise capacity®®. Other studies showed improve-
ments in (static) hyperinflation indices in a subgroup of severe asthma patients treated
with benralizumab, omalizumab or dupilumalb -8,

Thus, with chapter 4 and chapter 5, we have contributed to a better understanding of
SAD in asthma, in particular regarding dynamic hyperinflation. As mentioned above,
dynamic hyperinflation seems to be associated with important patient related outcomes,
such as asthma symptoms and limitations in daily life activities, in a subset of asthma
patients. And with the metronome-paced tachypnoea test, it is simple and less stre-

nuous to measure dynamic hyperinflation as compared to cardiopulmonary exercise tes-
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ting in daily practice. Furthermore, there is evidence that systemic anti-inflammatory
therapy affects the degree of dynamic hyperinflation. Therefore, we consider dynamic
hyperinflation is an important treatable trait and we believe that it should no longer be
neglected in asthma. However, only airway smooth muscle contraction, loss of elastic
recoil (emphysema) and airway mucosal oedema are mentioned under the heading of
airflow limitation in the list of treatable traits*:. Perhaps dynamic hyperinflation should
be on that list too.

OCS overuse is far too often neglected

OCS are widely prescribed by physicians and many patients with asthma are expo-
sed to potentially toxic cumulative doses®-"2, In order to reduce inappropriate OCS
prescribing behaviour, more information is needed about the proportion of patients
using high doses of OCS, the adequacy of ICS treatment, and the involvement of a
specialist.

Therefore, in chapter 6, we assessed the prevalence of frequent OCS use in patients
with asthma in the Netherlands. In addition, we evaluated whether these patients were
treated with adequate doses of ICS, and whether they were seen regularly by an asth-
ma specialist. In this study we analysed pharmacy dispensing data from 182,849 adult
patients with asthma (=18 years of age, receiving 2 prescriptions of ICS (e.g., single
ICS or ICS/long-acting B-agonists (LABA)) for 24 months), focusing on prescriptions
of low-, medium- and high-dose ICS in frequent OCS users. Between March 2017 and
March 2018 (focus year), 22.2% of asthma patients received at least 1 prescription for
OCS; 2.6% were exposed to 2 or more OCS courses and 4.6% to OCS maintenance
therapy. Moreover, half of the patients with asthma who received frequent OCS cour-
ses or maintenance OCS used low and possibly inadequate ICS doses, and 40.3% had
not received specialist intervention in 3 years. These results suggest that OCS overuse
is present in many patients and that asthma management should be intensified in order
to reduce inappropriate OCS use.

In recent years, several studies have confirmed a high incidence of OCS overuse among
asthma patients in different countries™ ™. It is increasingly known that not only main-
tenance OCS treatment but also repeated short OCS courses have a significant im-
pact on steroid-induced morbidity”™ . There is also growing evidence that the risk
of OCS-induced morbidities is dose dependent and related to the cumulative lifetime
OCS exposure™ ™. The risk of many OCS-induced morbidities, e.g. type 2 diabetes,
cardiovascular disease and osteoporosis, starts at cumulative exposures of 500-1000
mg prednisolone-equivalent. This corresponds to only two to four short OCS courses
for treating an acute asthma exacerbation™ . Therefore, a lifetime cumulative dose of
500 mg prednisolone-equivalent is quickly reached, with all the concomitant disadvan-
tages. Remarkably, the international GINA guideline still states that low-dose OCS is
an accepted treatment option in patients with severe asthma, although it is explicitly
qualified as a last resort treatment in case biologic therapies are not available™. It is
true that OCS are highly effective and inexpensive compared to biologics, but the side
effects of OCS undoubtedly outweigh the beneficial effects in the end.
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Calls for action to reduce the burden of OCS in asthma patients are growing. For
example, limitation of unnecessary OCS use is one of the key missions listed by the
Severe Heterogeneous Asthma Registry Patient-centred (SHARP)®. To address this
issue, it is essential to create awareness under physicians about the OCS burden to
make a major difference in patient outcomes and health care costs. And probably even
more important is it to educate, involve, and empower patients in the treatment of
their asthma. This approach is also known as OCS Stewardship; defined as “a collabo-
rative systematic effort to protect patients and reduce the harm from inappropriate or
cumulative OCS use”®. The first key step in achieving good OCS Stewardship is pri-
mary prevention of exacerbations and improving asthma control®. This can be reached
by optimizing asthma treatment and addressing treatable traits, in particular therapy
adherence and inhaler technique®*. As shown in chapter 6, high-risk OCS doses were
frequently prescribed in patients on low dose ICS suggesting there has been no ade-
quate assessment of asthma control, level of adherence to ICS, or adjustment of ICS
dose. The second key step is to identify uncontrolled asthma patients in primary care,
to timely refer them to an asthma specialist and when necessary to a specialised asth-
ma centre for a systematic multidisciplinary assessment in order to reduce OCS use
and consider OCS-sparing biologics when appropriate®. Unfortunately, referral rates
to specialist asthma care are low. In primary care in the UK less than 20% of asthma
patients with 3 or more OCS courses per year were referred to specialist care®. In a
recent study in the USA, only 8% of asthma patients managed in primary care were re-
ferred to a specialist within 2 years after initial diagnosis, despite 43% having uncon-
trolled asthma and one third receiving frequent OCS courses®. This corresponds with
the results of chapter 6, in which about half of patients with frequent OCS courses
and one-third of patients on maintenance OCS had not been prescribed any asthma
medication by a specialist for up to 3 years, suggesting that these patients were treated
in primary care, without specialist supervision.

As mentioned above, OCS overuse has emerged as a major issue in asthma and we
were one of the first to address this issue®. The results of the study described in chap-
ter 6 contributes to our knowledge of inappropriate OCS use by our patients, and
highlights the need for timely referral to an asthma specialist in order to optimise
asthma management. Thus, OCS overuse, and even more generally, medication over-
use, should not be neglected due to its enormous burden in patients, specifically in
asthma. Therefore, OCS overuse deserves a prominent position in the list of treatable
traits alongside the more general terms “side-effects of other treatments” and “inhaler
device polypharmacy”*.

CLINICAL IMPLICATIONS

The findings of this thesis have led to several implications for clinical practice. First,
the results from chapter 2 emphasize the need for a multidisciplinary systematic assess-
ment in uncontrolled asthma patients. This is in line with the recommendations of
national and international severe asthma guidelines*” %, However, it is conceivable that
clinicians struggle to implement such an assessment in daily practice. The provided prac-
tical model of care in our study however, can serve as an example to deliver appropri-
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ate asthma care. With this approach, it is not needed to concentrate asthma care in severe
asthma centres. An extensive 1-day-visit programme or a more pared-down version can
result in a personalised management plan implemented by the referring pulmonologist
and is sufficient in a subset of patients to improve asthma outcomes.

Second, chapter 3 emphasizes that patients with uncontrolled, in particular eosinophilic,
asthma should be screened for possible CRSwWNP in collaboration with an otorhino-
laryngologist, since various treatment options for nasal polyposis have the potential
to improve asthma control. This has become even more relevant since the treatment
with biologics has evolved tremendously over the last few years for patients with nasal
polyposis and comorbid asthma?4-25, In severe asthma, there is already plenty of clinical
experience with the use of biologics, whereas in the field of nasal polyposis it is still
growing. Therefore, it may be advisable to initiate a multidisciplinary consultation
between the pulmonologist and otorhinolaryngologist to exchange knowledge and
discuss complex casuistry, in which biologics are not effective in both asthma and
CRSWNP, in order to improve patient outcomes. This might also provide a more per-
sonalised management approach in the individual patient with asthma and comorbid
CRSwWNP.

Third, chapter 4 provides evidence that dynamic hyperinflation is a relevant treatable
trait in moderate to severe asthma. It contributes to asthma symptoms and impair-
ment of daily life activities. In addition, chapter 5, demonstrates that dynamic hyper-
inflation in asthma can be reduced with systemic anti-inflammatory treatments in
addition to inhaled corticosteroids and -2 agonists. These findings encourage the
monitoring of dynamic hyperinflation in daily practice. Dynamic hyperinflation is com-
monly assessed by measuring changes in inspiratory capacity during cardiopulmonary
exercise testing, which is a complex and laborious test®. We showed that the metro-
nome-paced tachypnoea test, a far simpler and less strenuous surrogate of cardiopul-
monary exercise testing, can be used instead to measure dynamic hyperinflation®% 9,
This provides a useful tool to assess and verify the individual clinical response to treat-
ment, in daily practice as well as in clinical studies.

Finally, the results of chapter 6 contribute to the awareness of the burden of OCS in
asthma. Some important lessons for daily practice can be drawn from the OCS overuse
data. It is essential to create awareness and understanding about the OCS burden
among general practitioners and specialists to make a major difference in patient
outcomes and health care costs, and even more importantly to educate, involve, and
empower patients in the treatment of their asthma. In addition, it cannot be highligh-
ted enough, not only OCS maintenance therapy, but also frequent OCS courses have
a significant impact on steroid-induced morbidity™ . Therefore, asthma treatment
should by all means be optimized in order to prevent exacerbations and improve asthma
control®, Furthermore, when OCS maintenance therapy is used as a last resort in the
treatment of severe asthma, it is advisable to strive for the lowest possible dose 2.
The longer a patient is exposed to OCS, the less likely the patient will be able to com-
pletely discontinue this therapy®. Therefore, it is important to monitor OCS use and
its side effects closely.
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GENERAL CONCLUSION AND FUTURE PERSPECTIVES

This thesis has contributed to answering a number of key questions regarding common
and neglected treatable traits in adult asthma. Looking at the research questions of
this thesis, several conclusions can be made.

First, this thesis has shown that a 1-day systematic multidisciplinary assessment in a
specialised severe asthma centre leads to better asthma control, quality of life and
reduced healthcare use in patients with uncontrolled asthma after 1 year.

Second, it was shown that chronic rhinosinusitis with nasal polyposis in asthma patients
was related to a more severe disease with less asthma control, increased airway obstruc-
tion and eosinophilic inflammation; and is therefore an important treatable trait in asthma.

Third, in this thesis we have shown that the proportion of patients with dynamic hyper-
inflation is high in moderate to severe asthma; and that dynamic hyperinflation is asso-
ciated with poorer overall health, lower wellbeing and impaired activities in daily life.

Fourth, it was shown that the degree of dynamic hyperinflation in patients with moderate
to severe asthma could significantly be reduced by systemic anti-inflammatory treat-
ment; and that the decrease in dynamic hyperinflation was found to be most pronoun-
ced in patients with elevated blood eosinophils.

And lastly, this thesis showed that a substantial proportion of patients with asthma
in the Netherlands was exposed to OCS overuse, including frequent OCS courses or
maintenance OCS therapy; that half of the patients use low and possibly inadequate
ICS doses; and that 40% had not undergone intervention of an asthma specialist for
years.

Future perspectives regarding a systematic multidisciplinary approach

While it is clear that a systematic multidisciplinary assessment is crucial in treating pa-
tients with uncontrolled asthma, it is time to take appropriate action by implementing it
into daily practice. Several examples on how (severe) asthma care should be organized
have been described® %5, Regional networks have emerged accordingly, resulting in
better identification of treatable traits and asthma endotyping for appropriate biologic
treatment by the local pulmonologist®. By embracing a “right care in the right place”
approach, asthma patients are treated properly and rising healthcare costs can be sup-
pressed®. In addition, structural monitoring of difficult-to-treat and severe asthma
patients is also useful for national and international registries and future research.

An important question is what the role of primary care is in these regional networks.
The current asthma guidelines provide straightforward recommendations on when to
request a referral to a specialist for patients with difficult-to-treat asthma*”. In addition,
timely referral to a specialist leads to better asthma control and less health care utili-
sation %7, However, as the results of our study suggested, studies in the USA and UK
have shown that patients with severe or uncontrolled asthma are not always referred
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to a specialist. A review of asthma management in the USA showed that a substantial
proportion of patients were uncontrolled and only 22% of patients visited a specialist
for asthma care. Remarkably, 50% of patients had never been referred to a specialist
at all®8. In a more recent study in the UK, it was found that a large number of patients
were eligible for referral to a specialist according the British Thoracic Society (BTS)
and Scottish Intercollegiate Guidelines Network (SIGN) guideline recommendations,
but only 4% were actually referred and with a long duration until referral®’. These data
support the important unmet need in the management of asthma in primary care.
Therefore, more attention should be paid to the knowledge and implementation of the
guideline recommendations and the referral process in order to improve the clinical
outcomes in asthma patients® 1%,

As mentioned above, providing good asthma care can be both challenging and time-
consuming. With the outbreak of the Covid-19 pandemic, standard patient care changed
drastically. And with it, so did asthma care. Remote care became the new standard in
some cases. With this in mind, the question arises as to what extent it is possible to
deliver asthma care partly digitally. Both as a means to improve healthcare, while keeping
the growing demand for care manageable. Telemedicine is one of the tools that seems
to enable the physician to deliver efficacious and innovative asthma care 1%

There is evidence that telemedicine appears beneficial in improving asthma control
and quality of life in general asthma%2 193 Although more RCT’s are needed to compare
telemedicine with standard asthma care, personalised asthma management in the home
environment will likely be the next step in the development of future asthma manage-
ment.

Future perspectives regarding chronic sinusitis with nasal polyposis

With the emergence of biologics indicated for both severe asthma and CRSwWNP, new
research questions arise. In the overall study population biologics are proven to be
effective in improving clinical and patient related outcomes. However, variability in
the response to biologics have been observed. For example, some patients respond
incredibly well on anti-IL-5 treatment with regards to asthma, but experience no or
little effect on CRSwNP. These observations stress the need to identify responders
and non-responders to biologic treatment. Also, the question arises as to what could
explain this heterogeneity in severe asthma with comorbid CRSwNP. Is there not a
united airway disease after all or only in a subset of asthma patients? Are there other
types of inflammation at play or are nasal polyposis not properly reached by each bio-
logicl®#? Also, we do not know whether severe asthma patients with mild, instead of
severe, nasal polyposis respond similarly to biologic therapy regarding asthma control
and sinonasal symptoms. Unfortunately, data are scarce due to the fact that upper and
lower airways diseases are still considered as two separate entities in daily practice 2¢.
Only indirect evidence on the effect of different biologic therapies in both severe asthma
and CRSWNP has been provided by review articles? 2% 28, Therefore, head-to-head
RCT’s are needed to compare the efficacy between these different biologics. These
studies may also contribute to the identification of clinical characteristics and/or bio-
markers associated with the response to biologics.
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Meanwhile, there is evidence that a dual biologic therapy approach might be effective
in patients with suboptimal response to one biologic!%. This may provide an oppor-
tunity in patients with improved asthma control under biologic therapy, but who expe-
rience persistent sinonasal symptoms. Unfortunately, most of the evidence is based
on case reports0 197 Yet, despite the potential benefits, the high costs associated
with dual biologic therapy should also be taken into account. Thus, future research is
crucial to adequately address the unmet needs in patients with severe asthma and co-
morbid CRSwWNP as abovementioned.

Future perspectives regarding dynamic hyperinflation

There are unresolved research questions regarding dynamic hyperinflation in patients
with asthma. Given the important clinical impact of dynamic hyperinflation on overall
health and daily life activities, it is important to be aware of dynamic hyperinflation in
moderate to severe asthma patients who present with exertional dyspnoea and dimi-
nished daily physical activity. In line with this, asthma questionnaires with consideration
of a broader panel of airway symptoms (i.e. daily life activities) should be developed
to use in daily practice. Dynamic hyperinflation, as a consequence of SAD, may repre-
sent type 2 inflammation that significantly improves after systemic anti-inflammatory
therapy in asthma patients (e.g. glucocorticoids and biologics). Therefore, dynamic
hyperinflation might be useful in identifying patients suitable for biologic therapy,
among other type 2 inflammatory biomarkers. Moreover, there is a gap of knowledge
on how best to define biologic treatment outcomes!® 1% |n fact, treatment response
in the large clinical trials with biologics are often based on exacerbation rate and the
reduction in OCS use and asthma control. However, these outcomes might not fully
reflect the response in the individual asthma patient. Improvement in quality of life,
overall health and daily life activity are also of great importance. As mentioned earlier,
dynamic hyperinflation is related to these outcomes. Perhaps dynamic hyperinflation
might be a new biomarker that reflects these outcomes. Therefore, future clinical trials
are needed to confirm the added value of dynamic hyperinflation as a new biomarker
that can be used in patient identification and prediction of biologic treatment outcomes
in asthma patients.

Future perspectives regarding OCS overuse

The most important research question regarding OCS overuse is how to reduce OCS
exposure to the greatest possible extent. The first step is to be very cautious with
prescribing OCS in asthma patients without proven type 2 airway inflammation. This
seems obvious, but a substantial proportion of patients without type 2 airway inflam-
mation receive frequent OCS courses or even maintenance OCS therapy without any
effect on their symptoms. Therefore, awareness of assessment of medication response
and phenotyping is crucial. Our data shows that both general practitioners and spe-
cialists seem to prescribe OCS too often and too easily. This may be due to several
causes. First, unnoticed repeated prescriptions of OCS. The development of alert sys-
tems flagging OCS overuse could be helpful in this. To our knowledge, these systems are
not yet available, making us dependent on the readiness of a pharmacist or requested
pharmacy records in daily practice. Secondly, ignorance of the toxicity of short OCS
courses. Implementation of new tools, such as asthma attack risk scales and question-
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naires can be beneficial in preventing asthma exacerbations and additional OCS use®®
11 Moreover, a method for measuring the toxicity of OCS in individual patients may be
insightful. An example of such a method is the Glucocorticoid Toxicity Index, which is
validated with both real-world experience and clinical trials across multiple diseases
including asthma''> 13, However, it has not yet been embedded into daily practice.
Lastly, the lack of awareness of the risks of OCS overuse and novel treatment options,
such as biologics, by both physicians and patients. In addition, many patients rely
on OCS because of the impact they experience on asthma control and well-being.
Several medical education initiatives have been developed, including patient associa-
tion video lectures, media campaigns, the publication of a charter to improve care for
severe asthma and consensus on the biologic OCS-sparing effect in severe asthma, to
raise awareness among physicians and patients® 14115 \Whether these initiatives will
actually help, is something future research will have to address.

With the emerging data on OCS overuse, awareness of the negative consequences of
OCS overuse is growing. As described previously, there are many adverse outcomes
associated with the use of OCS!¢, Treatment with biologics has led to a substantial OCS
sparing effect in patients with severe asthma®™12°, And although tapering or completely
eliminating maintenance OCS therapy is a positive thing, adrenal insufficiency became
increasingly apparent. Symptoms due to adrenal insufficiency are often non-specific.
However, during stressful events (e.g. severe infections) it can even be fatal. Adrenal
insufficiency due to OCS can disappear 1 week after stopping OCS in some patients.
Unfortunately, in the majority of patients adrenal insufficiency persists for months or
OCS cannot be stopped?®!. Therefore, guidance in safely tapering OCS and screening
for adrenal insufficiency is needed. The PONENTE study is the first trial that provided
a personalised OCS tapering schedule, based on baseline maintenance OCS dosage
in severe asthma patients treated with benralizumab?*?2, Also, advice was given about
when and how to screen for adrenal insufficiency. The future step is to incorporate this
model into the current guidelines and implement a local protocol in daily practice in
patients with severe asthma.

In conclusion, with this thesis we aimed to contribute to the concept of treatable traits
in asthma patients. The concept of treatable traits was a major breakthrough in the
management of asthma. This thesis underlines the need for a systematic multidisci-
plinary approach of treatable traits in the management of patients with uncontrolled
asthma. In the concept of treatable traits all kinds of traits are covered. However, the
list of treatable traits is not yet complete. The presented studies are of great value by
adding new treatable traits (nasal polyposis, dynamic hyperinflation and OCS over-
use) to that list. Finally, this thesis encourages further research on new and existing
treatable traits.
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Chapter 8

SUMMARY

Since 2016 the classification and management of chronic airway diseases has changed
tremendously. A new management approach in asthma was introduced in order to im-
prove clinical outcomes in the individual asthma patient. This new approach is based on
a precision medicine strategy, in which treatable traits play a key role. Treatable traits have
a significant impact on asthma control, quality of life, healthcare use and healthcare
costs. There are many treatable traits identified that can be targeted with treatment,
hence the name, treatable traits. However, a number of treatable traits in patients with
uncontrolled asthma remain improperly addressed or neglected. This thesis focused
on several key questions related to common and neglected treatable traits in adult
asthma.

Chapter 2 describes a 1-day systematic multidisciplinary assessment of uncontrolled
asthma patients in a specialised severe asthma centre. This assessment included an
evaluation by an asthma specialist, physiotherapist, clinical psychologist and specialised
asthma nurse and resulted in a personalised management plan carried out by the refer-
ring pulmonologist. Asthma control, quality of life and healthcare use were evaluated
1 year before and 1 year after the 1-day visit program. The study showed that patients
with uncontrolled asthma benefit from a single extensive assessment, with a relevant
improvement in asthma control, quality of life and healthcare use after 1 year. Compared
with the year preceding the assessment, the number of exacerbations, emergency
room visits and hospital admissions was reduced by 54%, 57% and 43%, respectively
in the 12 months’ follow up. These results suggest that a single short-term extensive
characterisation in a specialised severe asthma centre is beneficial and might be cost
effective for a large group of patients with uncontrolled asthma.

Chapter 3 provides an overview of nasal polyposis and asthma. From a chest physi-
cian’s perspective, this review describes the relation between asthma and nasal poly-
posis, data on epidemiology, pathophysiology, impact on asthma control and clinical
assessment as well as the treatment options and their effect on asthma outcomes.

Chapter 4 describes dynamic hyperinflation in patients with moderate to severe asthma.
In patients with obstructive airway disease, exhalation may not be fully finished by the
time the next breath is initiated, which leads to trapped air at end of exhalation. This
is called hyperinflation. The term dynamic hyperinflation refers to increased amounts
of air trapped at the end of each exhalation under conditions of a faster breathing rate
(e.g., exercise). This may cause exertional dyspnea and diminished physical activity.
In this study we assessed the prevalence of dynamic hyperinflation in moderate to
severe asthma. Secondly, we investigated the relationship between the degree of dyna-
mic hyperinflation and severity of respiratory symptoms and limitations of daily life
activities derived from different specific and general respiratory health questionnaires.
81% of patients with moderate to severe asthma showed dynamic hyperinflation. The se-
verity of dynamic hyperinflation was related to lower scores on five different respira-
tory health questionnaires and significantly associated with impaired daily life activities.
These results suggest that dynamic hyperinflation may be an important target for treat-
ment in moderate to severe asthma.



Summary

Chapter 5 describes a trial that evaluates the effect of systemic glucocorticoids (a single
injection with a high dose of triamcinolone) on the degree of dynamic hyperinflation
in patients with moderate to severe asthma. The study showed that the degree of dy-
namic hyperinflation was significantly reduced in the group treated with triamcinolone
as compared to the placebo group. The improvement in dynamic hyperinflation was
found to be most pronounced in patients with elevated blood eosinophils and tended
to be related to a decrease in blood eosinophils and fractionated exhaled nitric oxide.
This suggest that dynamic hyperinflation is largely caused by airway inflammation and is
therefore an important treatable trait, especially in patients with eosinophilic asthma.

In chapter 6, we analysed Dutch dispensing data from 182,849 adult patients with
asthma between March 2017 and March 2018 (focus year). The aim of this study was
to investigate the prevalence of patients requiring 2 or more courses or maintenance
use of oral corticosteroids (OCS) (i.e. frequent users), their use of inhaled corticos-
teroids (ICS), and who prescribed their asthma medications (specialist or general
practitioner). In addition, we estimated the contribution of OCS course prescriptions
versus maintenance OCS use prescriptions to the cumulative OCS exposure in these
patients. The study showed that 7.2% of Dutch patients with asthma were overex-
posed to OCS. 2.6% of patients received 2 or more OCS courses and 4.6% were on
maintenance OCS therapy, of whom only about half used adequate doses of ICS. The
majority (57%) of patients with frequent OCS use had their OCS prescribed by a general
practitioner in the focus year. About half of patients with frequent OCS courses and
one-third of patients on maintenance OCS had not been prescribed any asthma medi-
cation by a specialist up to 3 years before the focus year. This suggests that these
patients were treated in primary care, without specialist supervision. Furthermore,
maintenance OCS therapy contributed most to the cumulative OCS dose. However,
the OCS dose attributable to courses still accounted for approximately 40% of total OCS
exposure, and this pattern did not substantially differ between different levels of asthma
severity. The results of this study suggest that OCS overuse is often underdiagnosed
and inadequately addressed.

In conclusion, with this thesis we aimed to contribute to the concept of treatable traits
in asthma patients. We emphasized the need for systematic multidisciplinary assess-
ment of patients with uncontrolled asthma and showed that asthma control, quality
of life and healthcare use can be improved with a single extensive assessment in a
specialised severe asthma centre. Furthermore, we focused on three new treatable
traits, namely nasal polyposis, dynamic hyperinflation and OCS overuse. By highlighting
these treatable traits, we have attempted to further unravel the complexity of asthma.
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Chapter 9

SAMENVATTING

Sinds 2016 is de manier waarop chronische longziekten worden ingedeeld en behandeld
enorm veranderd. De astmabehandeling werd op een andere manier benaderd om beter
aan te sluiten op de klachten die individuele patiénten met astma ervaren. Deze nieuwe
aanpak wordt ‘precision medicine’ genoemd. Hierbij wordt gezocht naar specifieke
kenmerken die astma kunnen verergeren en behandelbaar zijn. We noemen dit ‘treatable
traits’. Deze kenmerken hebben aanzienlijke invloed op astmacontrole, kwaliteit van leven,
het gebruik van gezondheidszorg en de bijbehorende kosten. Helaas worden veel van
deze ‘treatable traits’ bij patiénten nog altijd onvoldoende behandeld of miskend. Dit
proefschrift richt zich op verschillende belangrijke vragen over veelvoorkomende en
miskende ‘treatable traits’ bij volwassenen met astma.

Hoofdstuk 2 beschrijft een gestructureerde 1-daagse beoordeling van patiénten met
ongecontroleerd astma door verschillende medische disciplines in een gespecialiseerd
ernstig astmacentrum. Deze beoordeling bestond uit een evaluatie door een astma-
specialist, fysiotherapeut, klinisch psycholoog en gespecialiseerde astmaverpleeg-
kundige. Dit resulteerde in een persoonlijk behandelplan voor de patiént met onge-
controleerd astma, welke vervolgens werd uitgevoerd door de verwijzend longarts.
Astmacontrole, kwaliteit van leven en zorggebruik werden 1 jaar voor en 1 jaar na het
1-daagse programma geévalueerd. De studie toonde aan dat patiénten met ongecon-
troleerd astma baat hebben bij deze eenmalige uitgebreide beoordeling. Er was sprake
van een relevante verbetering van de astmacontrole, kwaliteit van leven en zorggebruik
na 1 jaar. Vergeleken met het voorafgaande jaar was het aantal longaanvallen, spoed-
eisende hulp bezoeken en ziekenhuisopnames met respectievelijk 54%, 57% en 43%
gedaald. Deze resultaten suggereren dat een eenmalige uitgebreide beoordeling in een
gespecialiseerd ernstig astmacentrum een positieve invloed heeft op de astma con-
trole en kwaliteit van leven. Ook zou het kosteneffectief kunnen zijn door afname van
zorggebruik voor een grote groep patiénten met ongecontroleerd astma.

Hoofdstuk 3 betreft een overzicht over neuspoliepen en astma. In dit overzichtsartikel
wordt de relatie tussen astma en neuspoliepen beschreven vanuit het oogpunt van de
longarts. Er wordt informatie gegeven over hoe vaak deze aandoeningen gezamenlijk
voorkomen (epidemiologie) en hoe ze ontstaan en werken (pathofysiologie). Daar-
naast wordt de invloed van neuspoliepen op astmacontrole besproken. Ook de beoor-
deling door de arts en de behandelmogelijkheden en hun effect op astma uitkomsten.

Hoofdstuk 4 gaat over dynamische hyperinflatie bij patiénten met matig tot ernstig
astma. Bij een snellere ademhaling, zoals bij inspanning, is er minder tijd om volledig uit
te ademen voordat de volgende inademing begint. Bij astma- en COPD-patiénten met
vernauwde luchtwegen kan hierdoor extra lucht in de longen achterblijven. Dit fenomeen
wordt ‘dynamische hyperinflatie’ genoemd. Het kan een gevoel van kortademigheid
en beperking bij inspanning geven. In deze studie evalueerden wij het voorkomen van
dynamische hyperinflatie bij patiénten met matig tot ernstig astma. Daarnaast onder-
zochten wij het verband tussen dynamische hyperinflatie, de ernst van astmasymptomen
en de beperkingen bij inspanning. Deze uitkomsten baseerden we op scores van ver-
schillende vragenlijsten over longziekten. Bij 81% van de patiénten met matig tot ern-
stig astma was er sprake van dynamische hyperinflatie. De ernst van dynamische hyper-
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inflatie was gerelateerd aan lagere scores op de verschillende vragenlijsten met betrek-
king tot astmasymptomen en beperking bij inspanning. Deze resultaten suggereren
dat dynamische hyperinflatie een belangrijk doel kan zijn in de behandeling van patién-
ten met matig tot ernstig astma.

Hoofdstuk 5 beschrijft een onderzoek waarin gekeken wordt naar het effect van ontste-
kingsremmers (eenmalige injectie met een hoge dosis triamcinolon) op de mate van
dynamische hyperinflatie bij patiénten met matig tot ernstig astma. Uit deze studie bleek
dat dynamische hyperinflatie was afgenomen in de groep die werd behandeld met
triamcinolon in vergelijking met de placebogroep. De verbetering van de dynamische
hyperinflatie was het meest uitgesproken bij patiénten met een verhoogd aantal ont-
stekingscellen (eosinofiele cellen) in het bloed. De verbetering van dynamische hyper-
inflatie ging ook samen met een afname van de eosinofiele cellen in het bloed en de
hoeveelheid stikstofmonoxide in de uitgeademde lucht (maat voor ontsteking in de
luchtwegen). Dit suggereert dat dynamische hyperinflatie grotendeels wordt veroor-
zaakt door ontsteking van de luchtwegen en is daarom een belangrijke ‘treatable trait’,
vooral bij patiénten met astma waarbij eosinofiele cellen een belangrijke rol spelen.

In hoofdstuk 6 analyseerden wij de uitgifte van orale corticosteroiden (OCS) door de
apotheek aan 182,849 volwassen patiénten met astma tussen maart 2017 en maart
2018 in Nederland. Het doel van deze studie was om inzicht te krijgen in het aantal
patiénten dat twee of meer OCS stootkuren of OCS onderhoudsbehandeling nodig
hadden. Ook werd gekeken naar het gebruik van inhalatiemedicatie en of dit was
voorgeschreven door de huisarts of de specialist. Daarnaast werd de bijdrage van
OCS stootkuren en OCS onderhoudsbehandeling aan de totale OCS blootstelling bij
deze patiénten berekend. Uit de studie bleek dat 7,2% van de Nederlandse patiénten
met astma werden blootgesteld aan OCS. 2,6% van de patiénten kreeg twee of meer OCS
stootkuren en 4,6% kreeg een OCS onderhoudsbehandeling, waarvan slechts onge-
veer de helft een goede dosis inhalatiemedicatie gebruikte. De meerderheid (57%)
van de patiénten die vaak OCS gebruikten kreeg dit voorgeschreven door de huisarts.
Ongeveer de helft van de patiénten die vaak een OCS stootkuur kregen en een derde
van de patiénten met OCS onderhoudsbehandeling hadden tot drie jaar van te voren
geen astmamedicatie voorgeschreven gekregen door een specialist. Dit suggereert dat
deze patiénten in de eerstelijnszorg worden behandeld, zonder een beoordeling door
een specialist. Daarnaast droeg onderhoudsbehandeling met OCS het meest bij aan
de totale OCS blootstelling. Maar ook stootkuren droegen voor ongeveer 40% hieraan
bij. De resultaten van deze studie suggereren dat overmatig OCS gebruik vaak wordt
miskend en onvoldoende wordt aangepakt.

Concluderend, met dit proefschrift hebben wij een bijdrage geleverd aan het ‘treatable
traits’ concept bij astmapatiénten. Zo hebben we het belang van een gestructureerde
1-daagse beoordeling van patiénten met ongecontroleerd astma door verschillende
medische disciplines benadrukt. Ook toonden we aan dat astma controle, kwaliteit van
leven en zorggebruik kunnen worden verbeterd met een eenmalige uitgebreide beoor-
deling in een gespecialiseerd ernstig astma centrum. Verder hebben wij ons op drie
nieuwe ‘treatable traits’ gericht, namelijk neuspoliepen, dynamische hyperinflatie en
overmatig OCS gebruik. Met het belichten van deze ‘treatable traits” hebben wij gepro-
beerd de complexiteit van astma verder te ontrafelen.
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LIST OF ABBREVIATIONS

ACQ
AQLQ
ACT
AERD
ATC
ATS
BMI
BTS
ccaQ
CF

Cl
COPD
CPET
CRS
CRSsNP
CRSwNP
CT
DH
4DSQ
E
ENT
EPOS
ER
ESS
FDA
FeNO
FEV,
FRC
FvC
GA2LEN
GER
GP
GINA
HCU
HRCT
I

IC
ICS
IgE

IL
ILC2
IQR
kU
Kg

Asthma Control Questionnaire

Asthma Quality of Life Questionnaire
Asthma Control Test

Aspirin Exacerbated Respiratory Disease
Anatomical Therapeutic Chemica
American Thoracic Society

Body Mass Index

British Thoracic Society

Clinical COPD Questionnaire

Cystic Fibrosis

Confidence Interval

Chronic Obstructive Pulmonary Disease
Cardio Pulmonary Exercise Testing
Chronic Rhinosinusitis

Chronic Rhinosinusitis without Nasal Polyposis
Chronic Rhinosinusitis with Nasal Polyposis
Computer Tomography

Dynamic Hyperinflation

4 Dimensional Symptom Questionnaire
Expiration

Ear, Nose, and Throat

European Position Paper on Rhinosinusitis and Nasal Polyps
Emergency Room

Endoscopic Sinus Surgery

Food and Drug Administration

Exhaled Fraction of Nitric Oxide

Force Expiratory Volume in 1 second
Functional Residual Capacity

Forced Vital Capacity

Global Allergy and Asthma Network of Excellence
Gastroesophageal Reflux

General Practitioner

Global Initiative for Asthma

Healthcare Use

High Resolution Computer Tomography
Inspiration

Inspiratory Capacity

Inhaled Corticosteroids

Immunoglobulin E

Interleukin

Type 2 Innate Lymphoid Cells
Interquartile Range

Kilo Units

Kilogram
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L Litre

LABA Long Acting Beta Agonist

LAMA Long Acting Muscarinic Antagonists

LCADL London Chest Activity of Daily Living scale

MARS Medication Adherence Report Scale

MPT Metronome-Paced Tachypnoea

Mg Microgram

Mg Milligram

MI Millilitre

6-MWD Six-Minute Walking Distance

NSAID Non-Steroidal Anti-Inflammatory Drug

NY New York

OCSs Oral Corticosteroids

OR Odds Ratio

OSAS Obstructive Sleep Apnoea Syndrome

PCD Primary Ciliary Dyskinesia

Ppb Parts per billion

QoL Quiality of Life

RAST Radio Allergo Sorbent Test

RCT Randomized Controlled Trial

RV Residual Volume

SAD Small Airway Disease

SARP Severe Asthma Research Program

SE Staphylococcus aureus Enterotoxin

SGRQ St. George’s Respiratory Questionnaire

SHARP Severe Heterogeneous Asthma Research collaboration,
Patient-centred

SIGN Scottish Intercollegiate Guidelines Network

SOBDA Shortness of Breath with Daily Activity

Th T helper

TLC Total Lung Capacity

TSLP Thymic Stromal Lymphopoietin

UK United Kingdom

USA United States of America
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DANKWOORD

Wetenschappelijk onderzoek doe je niet alleen. Dit proefschrift is tot stand gekomen met
hulp van velen. Een aantal mensen die mij in de afgelopen jaren hebben geholpen wil
ik in het bijzonder danken.

Allereerst ben ik de patiénten die hebben deelgenomen aan onze studies zeer dank-
baar. Uw enthousiasme om mee te doen aan wetenschappelijk onderzoek en uw inzet
om het te laten slagen, heeft bij mij voor diepe bewondering gezorgd. Mijn dank is groot.

Mijn promotor, prof. dr. Bel. Beste Liesbeth, met dit proefschrift hebben we bewezen dat
promoveren op afstand geen probleem hoeft te zijn. Ik dank je voor alle adviezen en je
scherpe blik tijdens onze overleggen. Jouw kritische vragen naast de altijd terugke-
rende vraag “so what?”, hebben een sterke bijdrage geleverd aan mijn leerproces in
het doen van wetenschappelijk onderzoek en schrijven van artikelen. Waar ik meerdere
zinnen nodig had om de essentie van het artikel te beschrijven, heb jij het bewonde-
ringswaardige vermogen om de juiste vraagstelling, uitkomst of conclusie in één zin te
formuleren. Daarnaast voel ik mij vereerd dat ik heb mogen leren van de unieke wissel-
werking tussen jou en Anneke.

Mijn co-promotor, dr. ten Brinke. Lieve Anneke, ik wil je danken voor de mogelijkheid
die je mij hebt gegeven om een promotietraject aan te gaan. Hierin is voor mij jouw
begeleiding, gedrevenheid, kritische blik, oog voor het grotere geheel en het vermogen
om altijd twee stappen vooruit te denken ontzettend belangrijk geweest. Ook wil ik
je danken voor de kansen die je mij hebt gegeven op het gebied van ernstig astma.
Het enthousiasme, maar vooral ook je oog voor de mens maakt dat ik nog elke dag
blij ben dat ik als collega naast je mag staan om samen ernstig astma zorg te leveren. lk
geniet ontzettend van de momenten waar we onszelf even de tijd gunnen om nieuwe
plannen te maken om de ernstig astma zorg te innoveren. Ik hoop dit nog lang te mogen
doen samen.

Mijn paranimfen, Sarah Kloen en Karin Duitscher-Fransen. Lieve Kaar en Saar, in 2003
leerden we elkaar kennen in de tutorgroep in ons eerste jaar Geneeskunde. Inmiddels
zijn we 20 jaar verder en hebben we allemaal ons eigen weg gekozen. De één is in het
ziekenhuis beland, de andere als jeugdarts en de andere is verbonden aan de Rijks
Universiteit Groningen. Het maakt me trots en ontzettend dankbaar dat ondanks alle
verschillen, drukke levens met werk en jonge kinderen, het altijd als een warm bad
voelt als we elkaar weer zien. Het is me dan ook een zeer groot genoegen dat jullie
naast me staan tijdens het verdedigen van mijn proefschrift. Op nog vele jaren samen!

De leden van de beoordelingscommissie dank ik voor het beoordelen van dit proef-
schrift.

Onderzoek in het Medisch Centrum Leeuwarden wordt ondersteund door de MCL
Academie. In het bijzonder wil ik Kim de Jong danken. Lieve Kim, zonder jouw enorme
hulp en altijd kritische blik waren een aantal artikelen niet tot stand gekomen. lk heb
genoten van onze congresreizen en analyses op de achterbank bij Anneke onderweg
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naar Liesbeth. Het etentje na de publicatie van het artikel over dynamische hyperinfla-
tie viel in het water tijdens de Covid-19 periode. Maar wat mij betreft staat het nog steeds.

De maatschap Longziekten van het Medisch Centrum Leeuwarden wil ik ook hartelijk
danken. Ben Venmans, Jan van der Maten, Anneke ten Brinke, Ralph Koppers, Femke
van Vollenhoven, Wouter van Geffen, Jolanda Kuijvenhoven en Rolof Gijtenbeek. De
betrokkenheid en de ruimte die we elkaar gunnen voor ieders projecten maakt dat ik
nog elke dag dankbaar ben dat ik onderdeel mag zijn van deze maatschap. Ook mijn
dank voor de steun en motiverende woorden tijdens het afronden van dit proefschrift.

Alle collega’s van de longfunctie afdeling, die mij tijdens het onderzoek hebben gehol-
pen met de nodige metingen, wil ik heel erg bedanken. Jullie enthousiasme om mee
te werken aan wetenschappelijk onderzoek en het denken in mogelijkheden hebben
geleid tot de basis van ons onderzoek en mooie publicaties. Ook wil ik Petra, onze
research verpleegkundige, danken voor het ondersteunen en wegwijs maken in de onder-
zoekswereld binnen het Medisch Centrum Leeuwarden.

Dit proefschrift laat zien dat een multidisciplinaire aanpak leidt tot betere astma zorg.
Vaak wordt hierin secretariéle ondersteuning vergeten. Al onze geweldige secreta-
resses van de polikliniek Longziekten wil ik heel hartelijk danken voor het vele werk
dat zij elke dag verzetten. Ook zonder de betrokkenheid van longconsulentes kunnen
wij geen goede ernstig astma zorg leveren. Wilma, Grytsje en Tjitske dank voor jullie
geweldige inzet. Ook wil ik de fysiotherapeuten, psychologen en medisch maatschap-
pelijk werker bedanken voor hun betrokkenheid binnen ons 1-daags programma.

Als er iets geregeld moet worden, dan moet je bij Morganiseren zijn. Lieve Margreet en
Dominique, ik dank jullie niet alleen voor de altijd fijne samenwerking binnen o.a. RoLeX,
maar ook voor de korte lijntjes, jullie flexibiliteit en hulp bij de vormgeving van dit proef-
schrift. Erik, ik heb geleerd om altijd bij mijn eerste keuze te blijven. Dank voor de
prachtige lay-out.

Zonder de steun van vrienden is het afronden van een proefschrift niet mogelijk.
Een aantal goede vrienden wil ik in het bijzonder danken. Lieve Hannah, Mirjam en
Phylicia, mijn partners in crime. Er zijn weinig woorden nodig om elkaar te begrijpen
binnen de uitdagende medische wereld waarin wij ons dagelijks begeven. lk ben ont-
zettend dankbaar voor deze hechte vriendschap en de nodige energie gevende uitjes
die hieruit voortkomen.

Lieve Neeltje en Rosine, wat hebben wij in onze studietijd als huisgenoten in Huize
Heyman een ontzettend fijne tijd gehad en nog steeds. |k ben ontzettend blij met jullie
in mijn leven. Hopelijk staat er binnenkort weer eens een koningsmaal op het menu
als we onze meerdaagse trekking door de Nederlandse natuur overleven.

Last, maar zeker niet least. Lieve Ivonne, wat mis ik jou ontzettend. Samen hebben we
de opleiding tot longarts doorlopen. Ook hebben we een tijdje als collega longartsen
mogen samenwerken. De vele carpool sessies waar we de dagelijkse beslommeringen
doornamen waren een feestje. Dank voor je luisterend oor en alle heerlijke cappuccino’s.
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Lieve Coen, Bink, Sylvester, Maud, Tobias, Elise en Mosi, ik kan me geen fijnere schoon-
familie wensen. Jullie gastvrijheid, zorgzaamheid en interesse in mensen maakt dat ik
me altijd prettig bij jullie voel. Van The Rolling Stones naar een familieweekend in Norg,
van het drinken van de heerlijkste wijnen tot aan een barbecue midden in de besneeuw-
de bossen van Lapland, het is nooit saai. Op naar nog veel meer mooie avonturen met
zijn allen. En simpel weg veel dank voor wie jullie zijn.

Lieve broer, Jolien, Saar, Gijs en Linne, ik ben jullie dankbaar voor alle gezelligheid en
elkaar helpen op de momenten dat het nodig is. Jullie aanstekelijke enthousiasme
over Vlieland heeft mij de nodige rust gegeven in de afgelopen periode. Zodra je op de
boot stapt, is het vakantiegevoel aanwezig. Met een drankje voor tent uitkijkend op
de duinen en de zee als achtergrond geluid heb je niks meer nodig. Ik hoop hier nog
langer samen van te mogen genieten.

Leave heit en mem, jullie onvoorwaardelijke steun en vertrouwen heeft mij gebracht tot
waar ik nu sta. Ik ben jullie hier ontzettend dankbaar voor. De wereld van wetenschap is
voor buitenstanders soms moeilijk te begrijpen. Toch kon ik altijd met al mijn verhalen
over het doen van onderzoek bij jullie terecht. Daarnaast wil ik jullie danken voor de
nodige extra oppasuren die het mogelijk hebben gemaakt om mijn proefschrift af te ron-
den. Levi kan zich geen lievere pake en beppe wensen.

Levi, lief klein mannetje, er zijn geen woorden die beschrijven hoeveel ik van jou hou.
Jouw vrolijkheid, oneindig veel gekwebbel en de vele kussen en knuffels, geven mij
ontzettend veel energie en geluk. Ik kijk uit naar alle dagen die gaan komen samen
met jou.

Allerliefste Sebastiaan, we zeggen het vaak, maar wat een geluk dat wij elkaar zijn tegen-
gekomen. Sinds de dag dat we elkaar hebben ontmoet, is er nooit meer een dag
geweest dat we elkaar niet hebben gezien of gesproken. Ik bewonder jou om het ge-
mak waarmee je in het leven staat, jouw positiviteit en vrolijkheid, jouw zorgzaamheid
en vermogen om van elke dag een klein feestje te maken. Inmiddels hebben we een
prachtige zoon gekregen en samen ons droomhuis ontworpen en gebouwd. En er staat
nog zoveel meer moois voor ons op de planning. Ik ben enorm dankbaar dat je mij
ondanks alle drukte de afgelopen periode de ruimte hebt gegeven om dit proefschrift af
te kunnen ronden. Zonder jouw steun was dit nooit gelukt. Jag alskar dig!
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