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ABSTRACT

Over 20 years ago, the concept of asthma control was created and appropriate measurement tools were developed and validated. Loss of asthma control can lead to an

exacerbation.

Years ago, the term “clinically significant asthma exacerbation” was introduced to define when a loss of control is severe enough to declare it an asthma

exacerbation.

This term is also used by health insurances to determine when an exacerbation is eligible for reimbursement of biologics in clinical practice, however, it sometimes
becomes apparent that a clear separation between loss of “asthma control” and an exacerbation is not always possible.
In this review, we attempt to justify why exacerbations in early allergic asthma and adult eosinophilic asthma can differ significantly and why this is important in

clinical practice as well as when dealing with health insurers.

1. Eosinophilic type 2 asthma consists of two different
phenotypes of the disease

The literature regarding asthma control and exacerbations mainly
dates back to 2010 and before, implying that there is an orientation
towards T helper 2 (TH2) asthma, i.e. allergic asthma. After the discovery
of the TH2 allergic-pathway in the 1980s, the view dominated that an
allergic reaction underlies every type of asthma, even if no obvious
sensitization to aeroallergens was detectable [1].

Yet, a predominantly non-allergic eosinophilic adult-onset asthma type
was first described as far back as 1918 [2] and subsequently termed
Intrinsic Asthma in 1947 by the same author [3]. A rethinking has only

* Corresponding author.
E-mail address: thomas.rothe@gmx.ch (T. Rothe).

https://doi.org/10.1016/j.rmed.2022.107067

occurred in recent years due to two factors: First, the pharmaceutical
industry introduced anti-IL5 monoclonal antibodies that effectively
reduced the number of eosinophilic granulocytes with an effect on
asthma symptoms that is detectable mainly in patients with blood
eosinophilia [4]. Second, these responders more often belonged to a
distinct group of patients in whom asthma had manifested during
adulthood with the presence of an atopy status similar to the average
normal population [5]. This type of eosinophilic inflammation can occur
in the absence of an allergic reaction to aeroallergens and originates
from innate lymphocytic cells (ILC) [6]. Asthma, based on an eosino-
philic inflammation involving Interleukin (IL) 4, IL5, and IL13 with
resulting blood eosinophilia and/or elevated exhaled nitric oxide
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(FeNO), is nowadays called Type 2 asthma [7].

2. Asthma treatment presently depends on the assessment of the
degree of asthma control and recognition of an asthma
exacerbation

Asthma control and asthma exacerbation are two distinct terms to
better describe the clinical features of asthma and to assess the necessity
of further treatment. The idea of asthma control was introduced more
than two decades ago and different composite scores were validated in
the meantime. These are all based on specific questions regarding
asthma symptoms in the preceding week or month, and integration of
FEV; for one of them [8-10].

Asthma control was defined as the extent to which the various man-
ifestations of asthma are reduced or removed by treatment [11]. Poor
asthma control correlates with increased peak flow-variability [12] and
one of the most commonly reported lung function variable was morning
peak flow rate (PEFR) prior to bronchodilator treatment. Insufficient
asthma control most often requires a long-term adjustment of therapy.

According to the ATS/ERS statement of 2009, asthma exacerbations
(flare-ups) correspond to a loss of asthma control and should be clini-
cally identified by changes in symptoms, which are outside the patient’s
usual range of day-to-day variation [11]. A severe exacerbation was
defined by the requirement of a corticosteroid burst of at least 3 days,
after which the treatment can resume with the prior daily dose of asthma
medication in most cases.

As mentioned above, 20 years ago the scientific view was focused
mainly on allergic asthma. This explains why the symptoms employed to
assess asthma control correlate with the degree of bronchial hyper-
responsiveness, a typical feature of allergic asthma being uncontrolled
due to allergen exposure. In allergic asthma, exacerbations often occur
with a short latency, triggered by a viral airway infection, a substantial
exposure to allergens, or a combination of both [13]. Today, GINA de-
fines asthma exacerbation as an acute or subacute worsening of symp-
toms and lung function compared to the patient’s usual status [8]. In the
German S2k guideline, an exacerbation is described as a phase of pro-
gressive increase in asthma symptoms and/or decrease in lung function
[14]. In 2009, the aspect of lung function decline was not yet part of the
definition of an asthma exacerbation [11].

The recognition and treatment of an exacerbation in severe asthma is
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not only important for the patient from a short term perspective, but is
also crucial in the long-term because, apart from a significant blood
eosinophilia, it is the annual rate of exacerbations that poses the indi-
cation for a treatment with biologics to avoid longer term systemic
corticosteroids.

In contrast to the recent definitions of exacerbations, medical advi-
sors of health insurances often interpret exacerbations as an abrupt
worsening with intense asthma symptoms. This may, however, not be
the case in eosinophilic adult-onset asthma, often rendering the nego-
tiations for reimbursement of a treatment with biologics more
challenging.

3. Differences in symptomatology of early-onset and late-onset
asthma

One of the first cluster analyses to prospectively identify asthma
phenotypes clearly indicated that in eosinophilic adult-onset asthma
discordance exists between the extent of eosinophilic inflammation and
typical asthma symptoms [15] (Fig. 1). These typical asthma symptoms
being evaluated with asthma control questionnaires signify bronchial
hyperresponsiveness with an increase in daily variability of Peak flow
rate (PEFR) [12] respectively low FEV;-values in the morning (morning
dipping [16]) and loss of asthma control. This feature is most often
observed in allergic early-onset asthma.

In the above mentioned and other cluster analyses, patients with
eosinophilic late-onset asthma had fewer asthma symptoms related to an
increase in bronchial muscle tone, despite severe eosinophilic inflam-
mation. When exacerbating, these patients instead develop a productive
cough, increasing mucosal swelling, and mucus plugging of the bronchi
leading to a bronchial obstruction that is not reversible with broncho-
dilators. Consecutively, a loss of FEV; after bronchodilation appears that
responds only to adequate doses of corticosteroids. Thus, such clinical
picture with absence of sudden acute asthma attacks and decline of FEV,
without reversibility to bronchodilators may mimic fixed airway
obstruction typical of COPD [17].

The clinical picture of early-onset and late-onset asthma can there-
fore differ substantially [18], and hence publications from more than a
decade ago on asthma exacerbations must now be regarded as being
partially incomplete. Asthma exacerbations are therefore not generally
to be equated with acute asthma attacks predominating in early-onset

Primary Care Asthma Secondary Care Asthma

. N
.-~~~ Concordant
- ; )
Disease !

!

Discordant
Inflammation

INFLAMMATION PREDOMINANT
Late onset, greater proportion of males.
Few daily symptoms but active cosinophilic
inflammation.

= Eosinophilic Inflammation =

Fig. 1. Discordance of eosinophilic inflammation and typical asthma symptoms (reprint from ref. [15]).
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asthma with bronchial hyperresponsiveness and consecutive broncho-
spasm. The latency from onset to clinical relevance of an asthma exac-
erbation can be short, but may also take weeks [19].

4. Two different peak flow patterns reveal the loss of asthma
control, respectively an exacerbation

As early as 1977, Dame Turner-Warwick noticed that worsening of
asthma control did not always increase variability of PEFR, but that in
some cases PEFR decreased consecutively over time with no apparent
improvement in spontaneous values during the day or after inhalation of
a bronchodilator. She called this the drifter-type [16] of asthma.

In 1999, an analysis of peak flow protocols in asthma patients by
Reddel et al. confirmed that exacerbations were often accompanied by a
continuous decrease in PEFR values without reversibility to broncho-
dilators [20]. The authors attributed this to viral infections, although
rhinoviruses had not been searched for. It may therefore be assumed that
some of these patients exacerbated spontaneously because the dose of
anti-inflammatory medication taken was below the individual threshold
dose needed to inhibit a spontaneous flare up of Type 2 inflammation.

With fading corticosteroid action after a burst, typical asthma
symptoms are often lacking in eosinophilic late-onset asthma despite
marked eosinophilic inflammation. In such a situation, a slowly pro-
gressive exacerbation rather than an acute asthma attack will appear,
causing exertional dyspnoea and bronchial obstruction that is not
reversible with bronchodilator treatment. In addition, nasal congestion
and rhinorrhoea can occur because Type 2 inflammation often manifests
itself in the upper airways too. In the absence of a differential blood cell
count showing eosinophilia, such symptoms may lead to the incorrect
clinical diagnosis of a virus-induced exacerbation resulting in a brief
corticosteroid burst, rather than the indication for a long-term adjust-
ment of anti-inflammatory asthma therapy.

As mentioned in the 2009 ATS/ERS-Statement, the terms asthma
control and exacerbation should be clearly differentiated. Inadequate
asthma control over a certain period means that the daily dosage of
drugs is insufficient to treat the disease adequately. In contrast, an
exacerbation defines a transient loss of asthma control, most often due to
viral infection and/or sudden allergen exposure requiring transient
intensification of the therapy to regain again asthma control with the
former drug regime.

Can these definitions be completely adopted for eosinophilic adult-
onset asthma? In this context, asthma is well controlled when Type 2
inflammation is adequately treated. However, tapering of oral cortico-
steroids (OCS) or inhaled corticosteroids (ICS) below the individually
needed threshold dose will not lead to a permanent state of partly
controlled asthma. Most often it will provoke a progressive exacerbation
that may become moderate or even severe. This type of response epit-
omises the limits of the commonly utilised definitions on asthma control
and exacerbations.

5. Necessity to treat a loss of post-bronchodilation FEV; in type
2 inflammation

Despite the presence of subacute symptoms only, diagnosis and
treatment of a slowly progressive FEV; decline is necessary to prevent
permanent loss of lung function and ultimately permanent airway
remodelling [21], which becomes clinically apparent with COPD-like
features in lung function testing. Generally, a short corticosteroid
burst followed by an increase in the daily dose of asthma medication is
necessary to treat a slowly progressive FEV; decline. In contrast, in
previously controlled early-onset asthma, the initial dosage of medica-
tion prior to the burst can most often be maintained thereafter.

As early as 1989, Ann Woolcock [22], in a publication that formed
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the basis for the later GINA asthma guidelines, therefore pointed out the
importance of knowing a patient’s individual best FEV; (or alternatively
PEFR) and using such baseline value as a therapeutic goal to be main-
tained during further therapy. Although GINA guidelines also recom-
mended regular monitoring of FEV; to assess asthma control, this item
was removed only a few years ago, most likely in order to render the
GINA asthma control assessment globally applicable in countries with
restricted health care resources and limited access to spirometry.

6. The individual best FEV; is essential to identify an
exacerbation in severe eosinophilic asthma

In early-onset allergic asthma, an asthma exacerbation can easily be
recognised by the appearance of typical asthma symptoms. In contrast,
late-onset eosinophilic asthma exacerbations often occur due to the fact,
that anti-inflammatory medication is not sufficient anymore to suppress
a spontaneous flare-up of Type 2 inflammation. In such a context, the
development of an exacerbation will often be slow and less associated
with typical asthma symptoms, as compared to early-onset asthma.

Therefore, in the presence of a relevant decline of post-
bronchodilator FEV; compared to the individual best value, combined
with signs of an active Type 2 inflammation (increased blood eosino-
phils and/or FeNO), an exacerbation has occurred, requiring a systemic
corticosteroid burst and a consecutive intensification of the daily anti-
inflammatory therapy. As this type of asthma is frequently associated
with ICS resistance [23], a further increase of the ICS dose may be
insufficient, necessitating treatment with daily OCS respectively bi-
ologics. Without adequate treatment of Type 2 inflammation, the risk of
developing permanent airway remodelling and the risk of further
worsening potentially leading to a life-threatening exacerbation in-
creases, as it often has occurred in the pre-corticosteroid era [24].

Of note, a single corticosteroid burst may suppress bone formation
for up to three months due to an attenuation of osteoblast activity,
causing bone loss and development of osteoporosis [25,26]. Osteopo-
rotic fractures of thoracic vertebrae lead to a restrictive lung function
pattern increasing exertional dyspnoea.

It must be emphasized that in former studies, whenever PEFR,
respectively FEV; were monitored, the focus was on morning values
prior to bronchodilator treatment to detect an increase of Peak Flow
variability associated with bronchial hyperresponsiveness. However, to
detect inflammatory mucosal swelling and mucus plugging of distal
airways, in adult-onset asthma post bronchodilator FEV; values are more
relevant to determine lung functional impairment in relation to the in-
dividual best value [21,27].

We consider that it is important to address these clinical differences
between the two asthma phenotypes in future studies. In addition, active
and ex-smokers with fixed airway obstruction should also be screened
for Type 2 inflammation. In a first work-up, a complete differential
blood cell count and a measurement of FeNO are necessary taking into
consideration that active smoking may generate false negative FeNO
values.

7. What qualifies an asthma exacerbation as being clinically
significant?

Already decades ago, the importance of monitoring eosinophilia in
non-allergic eosinophilic and in allergic asthma with dominating
eosinophilic late-reaction was emphasized [28]. Corticosteroid reduc-
tion studies have consistently shown that a raised sputum or blood
eosinophil count in asthma is predictive for the development of an
exacerbation [29,30], ultimately causing a bronchial obstruction that is
unresponsive to bronchodilation. Therefore, optimal control of this
asthma phenotype should not only include a symptom score, but also
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incorporate a differential blood cell count, and spirometry to enable
comparison of current post bronchodilator FEV; with the individual best
value.

Health insurances only grant reimbursement for biologics in severe
eosinophilic asthma if a relevant blood eosinophilia is detectable and
clinically significant asthma exacerbations occur several times a year.

What magnitude of decline in post-bronchodilator FEV; compared to
the individual best value defines a significant exacerbation? Even a
repeatedly measured small FEV; decline may indicate a clinically rele-
vant exacerbation in the presence of increased Type 2 inflammatory
markers (FeNO and/or blood eosinophilia). Further deterioration is
likely to occur in the individual patient if no action is taken.

We consider a 10% decline as being significant on the basis of former
studies showing that the minimal important difference (MID) for
improvement and worsening in FEV; is about 10%, based on patient
perception of change [31,32].

Regarding PEFR, there exists already a number that relates to the
decrease in lung function: the study showed that in severe eosinophilic
asthma, a drop in PEFR of just 77 L/min post bronchodilator correlates
with 3 or more annual exacerbations. However, this number refers to the
proportion of fixed airway obstruction, not unequivocally to the
decrease from the individual best PEFR, which could theoretically be
reversed by a corticosteroid burst [33].

Another parameter to describe the clinical significance of an exac-
erbation is based on the duration of a systemic corticosteroid burst that
is required to adequately treat an exacerbation. In the ATS/ERS-
Statement and the anti-IL5 antibody trials, an oral corticosteroid
administration of at least three days was almost universally defined as
the minimal necessary therapeutic intervention [11,34].

8. Summary

Dissimilar symptoms between early-onset asthma and eosinophilic
adult-onset asthma frequently cause different clinical presentations of
exacerbations. In early-onset asthma an increase in typical asthma
symptoms will appear eventually leading to an asthma attack. This
contrasts with eosinophilic adult-onset asthma, where slowly progres-
sive symptoms such as cough, phlegm, and exertional dyspnea coincide
with the onset of bronchial obstruction that is non-responsive to bron-
chodilation. Such a protracted course of an exacerbation can be identi-
fied by a gradual decline in post bronchodilator FEV; as compared to the
individual best value, justifying a transient systemic corticosteroid
burst.
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