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Introduction

Summary

Evidence supports the hypothesis of pollen-induced asthma as a specific asthma
phenotype, with defined clinical features and tailored pathways for its clini-
cal management.

The probability of diagnosis varies significantly in the pollen season, in which
allergic patients are symptomatic, as compared to asymptomatic periods out-
side the pollen season. In this context, a novel diagnostic scheme for pollen-in-
duced asthma has been developed.

Pollen exposure is the key risk factor for symptoms and exacerbations. Therefore,
we proposed a therapeutic algorithm for pollen-induced asthma based on a risk
stratification model that considers the medical history of the patients and the
measurement of objective markers, allowing a tailored therapeutic approach.

IMPACT STATEMENT
Pollen-induced asthma can be considered a specific asthma phenotype,
with defined clinical features and tailored diagnostic and therapeutic
pathways for its clinical management.

also on immunostimulatory components of the pollen matrix,
that contribute to airway disease and may represent a defining

Pollen-induced asthma (PIA) could be considered a specific  feqrure of allergic asthma.

phenotype. As reported by Cecchi er 4l. (1), pollen allergenic- A phenotype is commonly defined as “the visible characteristics
ity depends not only on genetic and environmental factors, but  of an organism resulting from the interactions between its genetic
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patrimony and the environment”. In this article, we will adopt
an operational description, useful from a clinical point of view.
Therefore, by asthma phenotype we mean ‘the characteristics of
the disease, single or in combination, which describe the difference
between individuals affected by the same disease, and which are cor-
related with clinical outcomes: clinical history and symptoms (onset,
duration, control of symptoms, exacerbations), impaired respiratory
function, disease progression, biomarkers, comorbidities and response
to the treatment’. Thus, the identification of specific phenotypes
should have a predictive value in terms of clinical outcomes and
response to therapy (2-4).
The Global Initiative for Asthma (GINA) document highlights
the importance of phenotyping in severe asthma for the purpose
of indicating biological drugs, while, although the definition rec-
ognizes that asthma is a heterogeneous disease, the identifica-
tion of the phenotypes of mild-moderate asthma is not consid-
ered relevant because the therapeutic approach recommended in
these patients is in any case independent of the phenotypes (5).
Evidence supporting PIA as a specific phenotype can be derived
using both a down-type investigation methodology (expert clinical
judgement) and an unsupervised one (button up, cluster analysis):
* Dollen-induced asthma as a clinical phenotype: respiratory
symptoms, exacerbations, impaired respiratory function, and
increase in T2 biomarkers are all elements that are quantita-
tively linked to the seasonal exposure to pollen to which the
patient is sensitized, while in the remaining period of year
the patient remains asymptomatic (1). The strategy for eval-
uating asthma control, in particular the risk of exacerbations
and clinical worsening, is strongly influenced by exposure to
allergens. Similar to the severe asthma phenotypes, for PIA a
targeted therapy is available, represented by specific immuno-
therapy, as well as a mainly seasonal symptomatic and anti-in-
flammatory pharmacological therapy.
¢ Dollen-induced asthma phenotype identified with cluster anal-
ysis: three large cohort studies using different clustering tech-
niques to describe possible asthma phenotypes (SARD, U-BI-
OPRED, UK cohort), identified a cluster characterized by
mild allergic asthma (cluster 1 in the SARP cohort and cluster
3 in the U-BIOPRED cohort), with characteristics compati-
ble with those above described as PIA (6-8). Despite the dif-
ference between the studies, Kaur ¢t a/. (3) identified 4 phe-
notypes: 1) early onset mild allergic asthma; 2) early onset
moderate-severe allergic asthma; 3) late onset non-allergic
eosinophilic asthma; 4) late onset non-allergic non-eosino-
philic asthma. The main factors discriminating the hetero-
geneity of asthma common to the different phenotypes are
the age of onset, respiratory function, atopy and eosinophils.
Other patient characteristics, such as sex, obesity and smok-
ing, although commonly detected, play a less important role
when comparing studies.

Altogether, the identification of PIA as a clinical phenotype has
a predictive value in terms of clinical outcomes and response to
therapy (4). According to Han ez al. (4), it is possible to identify
a clinical phenotype when subjects are characterized by similar
clinical presentations (respiratory symptoms occurring during the
period of exposure to pollen), pathogenic mechanisms, diagnos-
tic pathways, biomarkers, and availability of an endotype-specific
therapy (disease modifying such as immunotherapy).

Materials and methods

A narrative systematic review of the literature was conducted
on Medline to identify English papers published up to March
31, 2024. Hand searching of references of interest was also per-
formed within the selected studies. The search strategy included
papers with the terms “asthma” and “pollen/allergic” asthma in
title/abstract, associated with at least one keyword, in the title/
abstract, for each of the following domains: adherence to medi-
cations, risk of exacerbations, diagnosis, and treatment.

The research and selection of the studies were performed inde-
pendently by five allergists, who collected and summarized the
data from the studies. All the authors contributed to the defi-
nition of the research questions and related keywords, and to
the final selection of the studies to be included in the system-
atic review. Considering the paucity of data about PIA and the
low-quality evidence of the obtained studies, a formal process
to assess the certainty in the body of evidence or the strength of
the recommendations was not performed. Consensus was sought
from a panel of asthma experts from the Asthma Interest Group
of AAIITO (Association of Italian Hospital Allergists and Immu-
nologists), with a formal voting process implemented in case of
disagreement during the discussion. The final consensus paper
was reviewed and approved by all the authors.

Pollen-induced asthma: diagnostic flow chart

Allergic asthma is the most common asthma phenotype, char-
acterized by early onset, immunoglobulin type E (IgE) sensiti-
zation to allergens, IgE-related Th2-mediated background (9).
Allergic rhinitis is a common comorbidity of asthma and, in the case
of PIA, is observed in the vast majority of patients, over 80% (10).
Usually, the diagnosis of PIA is suspected during the symptomatic
period of exposure to the pollen to which patients are sensitized.
The proposed diagnostic path for PIA is summarized in the flow
chart (figure 1).

The process starts from the medical history, that may suggest the
presence of a pollen-induced respiratory disease, followed by allergy
tests and assessment of the compatibility between the seasonality
of symptoms and the positivity towards the identified allergens.
In fact, the presence of a positive skin test or positive sIgE does
not necessarily mean that the allergen is causing symptoms and
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Figure 1 - Pollen-induced asthma diagnosis.
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there is still no evidence regarding sIgE thresholds necessary to
confirm or exclude clinical disease (5, 11). The clinical relevance
of sensitization needs to be confirmed by patient’s history (5, 11).
A recent diagnostic technique, known as “component resolved
diagnostics” (CRD) is used to determine the specific molecules
(or components) against which the IgE have been produced, to
distinguish between genuine sensitization and clinically irrelevant
IgE cross-reactivity due to panallergens or carbohydrate determi-
nants (12-14), and to guide the choice of allergen specific immu-
notherapy (AIT).

In the case of symptoms suggestive of asthma (cough, wheez-
ing, chest tightness, shortness of breath, nocturnal awakenings
for asthma) along with seasonal onset (i.e., temporal association
between symptoms and pollen exposure), a pollen-induced vari-
ability in expiratory lung function must be also documented to
confirm the diagnosis of PIA. The first line recommended test is
spirometry showing a decrease of 2 12% and > 200 ml compared
to a previous test carried out in a less symptomatic period but not
earlier than one year (5, 15). This diagnostic process can be carried
out in any clinic where a spirometer is available, even a portable
one; the only limiting factor is the correct technical execution of

i Blood eosinophil
1 >300 mmc®

Bronchodilator responsiveness
during the pollen season

lNo
FEV, fall > 12% and > 200 ml

compared to a less symptomatic period
(not earlier than 1 year)

[

‘ FeNO > 50 ppb

o

‘ Bronchial Challenge Test*

Re-evaluate the diagnosis
Repeat diagnostic tests

the test. A bronchodilation test with SABA during pollen expo-
sure is recommended, as a > 12% and > 200 ml increase in FEV1
confirms the diagnosis of PIA. It was not considered appropri-
ate to establish the finding of obstructive spirometry, with FEV1/
FVC < the lower limit of normal (LLN) or < 75% (5, 15-17), as
a pre-condition for carrying out the bronchodilation test, as the
patients with PIA frequently show non-obstructive spirometry,
especially when the prevalent symptom is cough. On the other
hand, the fact that in these patients the respiratory parameters
are frequently normal reduces the probability of a positive bron-
chodilation test, thereby limiting the sensitivity of the test, even
if the specificity is good.

A negative bronchodilation test does not exclude a diagnosis of
PIA: in this case it is suggested to perform a direct (methacho-
line) or indirect (mannitol) bronchial challenge during the pol-
len exposure, if the FEV1 change from extra-pollen period to pol-
len period is inconclusive.

A positive result with mannitol (PD15 < 635 mg) is indicative of
a high degree of bronchial inflammation, but this test is less sen-
sitive, although more specific, than the test with methacholine
using a cut-off value of PC20 < 8 mg/ ml (18-20). It will be the
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doctor’s choice to carry out the test with mannitol first, being
more informative regarding the activity of the inflammatory pro-
cesses and easier in the execution. In the event of a negative result
with the mannitol test, a test with methacholine should be per-
formed (18). If even in this case the result is negative, the diag-
nosis of asthma can be excluded or, if the suspicion of asthma
remains, the test can be repeated in a more symptomatic period
(18). It is important to underline that in PIA, airway hyperres-
ponsiveness (AHR) increases and can have clinically diagnostic
value only during the pollen exposure (21, 22).

GINA report suggests lung function testing with the handled
device peak expiratory flow (PEF) meter, when spirometry is not
available, to assess excessive variability in expiratory lung func-
tion (5). Although PEF is less reliable than spirometry parame-
ters, it is better than relying on symptoms alone.

The assessment of T2 inflammation should always be included in
the diagnostic work-up for PIA, using appropriate biomarkers.
Therefore, FeNO testing should be also performed, being a sur-
rogate measure of eosinophilic lung inflammation, which could
persist even in the absence of overt respiratory symptoms (23,
24). This test is recommended if spirometry is not available: the
guidelines from the British Thoracic Society, the National Insti-
tute for Health and Care Excellence, the Scottish Intercollegiate
Guidelines Network (BTS/NICE/SIGN), and from the Euro-
pean Respiratory Society (ERS) suggest FeNO measurement as
a part of the diagnostic work-up in adult patients with suspected
asthma, in whom the diagnosis is not established based by initial
spirometry combined with bronchodilator responsiveness testing
(15,16). Values > 50 ppb are considered diagnostic for asthma (16,
25). This cut off is higher than the one previously recommended
in the previous edition of NICE guidelines (40 ppb) and is con-
sidered more useful because it is characterized by greater specific-
ity, although less sensitivity (17); this is particularly important if
considering that atopic patients may show an increase in FeNO
during the pollen season, especially in polysensitized individuals
where a dramatic increase was observed (26).

Importantly, FeNO testing is part of the diagnostic work-up in
the GARD (Global Alliance Against Chronic Respiratory Dis-
eases) recommendations for the management of severe asthma
(27) and is included in the essential levels of assistance (LEA) in
Italy, i.e., the services and benefits that the National Health Ser-
vice (SSN) is required to provide to all citizens.

The higher the FeNO value measured, the greater the proba-
bility of asthma (17). However, a negative test does not exclude
asthma, especially if the patient has taken oral glucocorticoids or
used ICS regularly or as needed (28). On the other hand, high
FeNO levels may also be observed in non-asthmatic respiratory
conditions, as eosinophilic bronchitis and allergic rhinitis (5, 29).
In the proposed diagnostic work-up, FeNO measurement is
suggested before bronchial challenge, as its execution is simpler,
although its use is not widespread due to lack of the adequate

equipment. The eosinophil count was not included as a diagnostic
test, even if data are available in this regard, because of the vari-
ability of cut-off values between studies (3.4% and 360, 150, 500,
300 eosinophils/mmc) (25, 30-32); nevertheless, it is an import-
ant factor that may enhance the pre-test probability of confirm-
ing a diagnosis of PIA. The bronchial allergen challenge is not
mentioned in the algorithm as, due to both safety and cost-effi-
ciency concerns, its use is currently restricted to specialized cen-
ters with experienced staff, with protocols tailored to mild asth-
matics for research purposes.

In conclusion, the probability of diagnosis of PIA phenotype can
vary significantly in the pollination period, in which sensitized
patients are symptomatic, as compared to asymptomatic periods
outside the pollen season. Therefore, negative diagnostic tests
should be contextualized with the presence of symptoms and the
pollen calendar, to reduce the possibility of false negative diagnoses.

Risk stratification and control assessment in the pollen-in-
duced asthma phenotype

Asthma control includes two domains: symptoms (impairment)
and future risk (5, 33, 34). The assessment can be carried out
with validated questionnaires, such as the ACT, which investigates
a previous period of 4 weeks. In the PIA phenotype, the results
on symptoms (impairment) can be highly discordant if carried
out in a period of exposure to pollen compared to a period out-
side and far from the pollen season. Similarly, the interpretation
of the “future risk” reflects the same peculiarity because, unlike
other forms of asthma, in this phenotype the major trigger fac-
tor for exacerbations, i.e., pollen exposure, is cleatly identifiable
and directly correlated, in a quantitative measure, to the risk of
exacerbations (figure 2). Therefore, the information obtained
from assessment tools should be contextualized to the period of
the year investigated and the pollen calendar.

The predictability of the main future risk plays a central role in
the clinical management of PIA. Even patients with mild asthma
may experience episodes of severe exacerbations (5). Indeed, a sig-
nificant proportion of subjects who have experienced episodes of
"near-fatal asthma" or death from asthma were atopic and were
classified as mild asthmatics, frequently not taking any control-
ler ICS-based therapy (5, 35), suggesting that the impairment
domain and the future risk domain are not closely related (36-
38). These observations suggest that in PIA the risk stratification
should be carried out in the pre-seasonal period, to identify the
most suitable pharmacological strategy.

Figure 2 summarizes the factors associated with an increased risk
of exacerbations in patients with PIA.

An accurate medical history can be sufficient to identify sub-
jects who are more likely to develop symptoms and are at risk of
exacerbations during periods of maximum exposure to pollen.
Notably, symptoms that are proxies of exacerbations and are
possible markers of AHR, that affects the extent of the broncho-
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Figure 2 - Risk factors for exacerbations in pollen-induced asthma.
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spasm response to inhaled allergens, should be carefully identi-
fied (22, 39). They include wheezing, chest tightness, shortness
of breath, and nocturnal awakenings.

From a clinical perspective, the main risk factor is a history of
exacerbations in the previous year, in particular during the pollen
season. Both severe exacerbations, easier to detect and remem-
ber because they are characterized by the use of oral steroid
therapy, and moderate exacerbations, mostly characterized by
an increased frequency in the use of reliever drugs (34), should
be assessed. Exacerbations are the result of the concomitance of
multiple risk factors: exposure to pollen acts both as a predispos-
ing factor, increasing T2 inflammation and AHR, and as a trig-
ger for symptoms (40).

The onset of symptoms and, to a greater extent, an exacerbation,
varies from subject to subject and in the same subject over time
due to the co-presence or absence of different predisposing fac-
tors (genetic and epigenetic) and triggers, mostly pollen-related
factors in PIA, in addition to the others (figure 2). This multi-
factorial contribution explains the high possible variability of sea-
sonal symptoms (41-43).

In addition to previous exacerbations, for risk stratification it
is useful to investigate the symptoms that occurred during the

previous pollen season and their frequency. The most specific
symptom is wheezing, an indicator of the presence of a signif-
icant obstruction (44, 45), although there is no clear correla-
tion between obstruction and the onset of wheezing. Therefore,
wheezing is a cardinal symptom to be assessed both in the previ-
ous pollen season and in the months preceding the control exam-
ination, reflecting a significant degree of bronchoconstriction.
The presence of wheezing, coughing and chest tightness are asso-
ciated with AHR especially if they appear occasionally after epi-
sodes of hyperventilation, as during running in children and
young adults, or when the patient sings or speaks loudly for a
long time (46-48).

A further element to assess is the persistence of respiratory symp-
toms (as cough, chest tightness) after viral infection of the upper
airways, which the patient often does not pay attention to, believ-
ing it to be a normal evolution of the infection (41).

Correct perception of the obstruction by the patient is an import-
ant factor in evaluating the reliability of the reported symptoms.
In clinical practice, hypoperception can be identified in the pres-
ence of a discrepancy between the level of obstruction verified
by spirometry and the symptoms reported, or more generally
by an overestimation of the patient’s control of symptoms com-
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pared to the evaluation of control obtained through question-
naires such as ACT, all factors that may increase the risk of exac-
erbations (49, 50).

The presence of comorbidities, in particular allergic rhinitis, gas-
tro-esophageal reflux and obesity, also influence the risk of exac-
erbations (41).

Risk stratification can be further improved by using biomark-
ers related to bronchial inflammation: the greater the degree of
inflammation in the pre-seasonal period, the greater the proba-
bility that the further release of T2 cytokines induced by allergic
reactions can trigger seasonal symptoms.

High levels of FeNO reflect the presence of T2 inflammation
and are indicators of positive response to ICS therapy. In previ-
ous versions of ERS/ATS guidelines, FeNO levels are considered
low below 25 ppb, intermediate between 25-50 ppb and high >
50 ppb (28). Therefore, in patients with PIA, the finding of lev-
els above 25 ppb in a period of non-exposure to pollen may be
considered an indicator of future risk, and values above 40-50
ppb high risk; asymptomatic sensitized subjects in the period
of non-exposure to pollen generally do not have significantly
increased FeNO levels (26).

Different FeNO thresholds have been used, in mild allergic asth-
matic subjects with FeNO values lower than the cut-off value
and with positive clinical outcomes, to predict the possibility of
reducing/suspending ICS (51, 52).

Regarding circulating eosinophils, large studies (Copenhagen Gen-
eral Population Study) including to a greater extent patients with
mild asthma, indicate that high levels (400 eosinophils/mm?) pre-
dict an increased risk of serious exacerbations and poor asthma con-
trol (53, 54). In addition, the post-hoc analysis of the Adlantis study
showed that 16% and 26% of patients with mild asthma, respec-
tively in the GINA 1-2 steps, have a post-bronchodilator FEV1/
FVC < LLN and this functional impairment is related to eosino-
philic inflammation and an increased risk of exacerbations (55).
The concomitant presence of high levels of FeNO and circulat-
ing eosinophils is also useful to identify subjects with greater risk
of exacerbations. However, it should be noted that also smokers
may show higher levels of circulating eosinophils and low lev-
els of FeNO (56, 57).

The presence of an AHR together with allergic sensitization is
known to be a prerequisite for the development of an early aller-
gic response in terms of airway obstruction (58-60). High levels
of AHR, especially if detected prior to the pollination season, also
may constitute an important risk factor for the development of
symptoms and exacerbations during maximum exposure to pol-
len (39, 61-68). Importantly, the finding of a concomitant fall in
FEV1 and FVC during the bronchial challenge with methacho-
line allows to identify patients, even those suffering from mild
asthma, who are at risk of episodes of near-fatal asthma, as there
is a concomitant obstruction of the proximal and distal airways
which can lead to respiratory arrest (69, 70).

Adherence to asthma medication during the pollen season

Although in clinical studies asthma can be well controlled in
most patients with an appropriate therapeutic strategy (71), in
clinical practice non-adherence with prescribed medications is
very common and represents a significant barrier to optimal dis-
ease management.

To date, scientific literature does not report data on the adher-
ence to medication in patients specifically affected by PIA. The
available evidence comes from studies conducted on patients
with allergic (sensitive to pollen or other allergens) or non-aller-
gic asthma. In any case, the problem of therapeutic adherence
appears to be independent of the trigger factors. Therefore, the
findings emerging from these studies may be transferable to PIA.
Approximately 50% of adults and children on long-term ther-
apy for asthma fail to take medication at least part of the time,
resulting in poor quality of life, reduced work performance, and
increased risk of exacerbation, associated with increased direct
and indirect costs of disease management (5, 72, 73). Adherence
may also decrease over time: a real-world study showed that adher-
ence significantly declined with subsequent prescriptions (74).
Furthermore, undetected suboptimal adherence, including the
correct use of the inhalers, may be interpreted as poor therapeu-
tic response, perpetuating a cycle of uncontrolled asthma symp-
toms, review and therapy escalation (75-77).

Several factors may influence therapeutic adherence and persistence,
like personal and individual factors, psychological issues, health
beliefs and behaviors, the clinician-patient relationship, factors
linked to the disease (progression, stability, exacerbations), to the
treatment (complexity of current medications, difficult-to-use
inhaler, frequency of dosing, side-effects), or to costs and access
(figure 3) (5, 78, 79).

The simplification of the therapeutic regimen, with prescription
of once daily medications and easy-to-use inhalers, are import-
ant factors for achieving good compliance (5, 80).

On the other hand, several studies suggest that one of the deter-
minants of poor adherence is the perception that the medication
should be used in response to symptoms more than on a regular
basis (81-83). Not surprisingly, treatment discontinuation is sig-
nificantly higher in those who seek medical assistance for symp-
tom worsening. The findings reflect an incongruence between the
medical perspective, emphatizing proactive control through pre-
vention of symptoms and exacerbations, and the patient’s per-
spective, where to some extent symptoms are regarded as part
of having asthma, rather than a sign that their asthma is poorly
controlled (84).

In the case of allergen immunotherapy (AIT), a period of repeated
administration for at least 3 years is required for achieving sus-
tained symptom relief and potentially altering the disease course.
This long-term commitment can be challenging for patients to
maintain. Indeed, despite long term benefits, real life scudies on
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Figure 3 - Key barriers to medication in chronic disease.
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patients with allergic rhinitis and asthma showed that at 3 years
the overall adherence to AI'T was below 40% (85, 86). Adherence
was higher in the first year of treatment, in children and, in some
studies, with the subcutaneous formulation (SCIT) versus the sub-
lingual formulation (SLIT) (85, 86). Reasons for treatment dis-
continuation are due to factors like long duration of treatment,
need for regular injections or daily sublingual administration, per-
ception of poor efficacy, costs, and potential side effects (85, 86).
In conclusion, evidence on the adherence to medication regimens
in patients specifically affected by PIA is poor. On the other hand,
therapeutic adherence in asthma remains a recurrent problem,
regardless of the trigger factor.

Risk of (severe) exacerbations: the unpredictability of exposure

Pollen exposure is one of the factors associated with worsening
of the symptoms of allergic rhinitis and asthma (87). The impact
of pollen on respiratory health can be particularly significant in
children, given that more than half of pediatric asthma cases are
thought to have an allergic component (40, 88).

In the study by De Roos ez al. (89) on subjects aged < 18 years
followed over a 5-year period, an increased odd of asthma exac-
erbation was found in association with the exposure to tree pol-
len. Even low pollen levels (< 5 grains/m?) were associated with
small risk, with an exposure-response pattern of increasing odds
with higher pollen level. A 64% increased risk was observed at
pollen levels > 1,000 grains/m?; for grasses, asthma exacerba-
tions were associated with exposure to 52 grains/m? of pollen,
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while no correlation was shown with exposure to ragweed pol-
len and other pollen.

An Australian study by Shrestha ez /. (90) assessed the role of
ambient levels of different pollens on hospital admissions for
asthma over a 5-year period in 2,098 children and adolescents.
The results showed a significant correlation between Plantago and
Parietaria pollen peaks and the rate of hospitalization for bron-
chial asthma, especially in younger children of 2-5 years of age;
specifically, an increase in pollen concentration of 50 grains/m3
was strongly associated with the risk of hospitalization. Simi-
larly to other studies, a trend toward a greater pollen effect was
observed in boys. The correlation was higher in colder seasons,
but this finding could also be related to viral infections, so it is
unclear whether pollen stimulation was the primary trigger.
The association between outdoor pollen and childhood asthma hos-
pitalizations was examined in a systematic review (91). Although
there was a substantial heterogeneity among studies related to pol-
len species, geographical areas, method of analysis used to esti-
mate the effect size and differences in lagged day effects consid-
ered for the analysis, the results showed that globally grass and
birch pollen were important triggers of childhood asthma hos-
pitalization: an increase in 10 grass pollen grains/m3 was associ-
ated with a 3% increase in admissions for asthma and an extreme
pollen day (> 100g/m?) could lead to a 30% increase in hospi-
talizations for asthma.

Interestingly, a study on a large cohort of 47,456 children admit-
ted to hospital for asthma showed that grass pollen exposure was
associated with higher readmission rates for asthma, supporting
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the importance of target interventions for asthmatic children
prior the pollen season (92).

In the study by Lappe ez al. (93) covering a 26-year period of
observation, a strong association was found between 9 of the 13
pollen varieties analyzed (grasses, nettle, pigweed, birch, maple,
pine, oak, willow, sycamore, mulberry) and Emergency Departe-
ment (ED) visits for asthma and wheeze, with a 1-8% increase in
ED admissions per standard deviation increases in pollen, which
is consistent with the results from other studies (94). In general,
the strongest association was observed in younger people and in
Afro-Americans subjects, although the data varied by pollen taxa.
Birch pollen was shown to be associated to asthma exacerbations
especially in Northern European countries and North Amer-
ica. A Swedish study found an increase in respiratory symptoms
and use of respiratory drugs alongside a reduction in lung func-
tion parameters during the pollen season (95). Moreover, pollen
exposure increased the susceptibility to adverse respiratory effects
induced by pollutants (particulate matters and O3).

The epidemiological prospective study by Dominiguez-Ortega
(96) compared clinical, functional and pathophysiological out-
comes during and outside the pollen season in 101 adults diag-
nosed with allergic asthma and rhinitis who manifested exclu-
sively seasonal symptoms caused by grasses and/or olive tree.
The results show that most patients experienced symptoms, lung
function abnormalities and airway-inflammation (as reflected
by measurement of FeNO) exclusively during the pollen sea-
son, although a few continue to experience abnormalities out-
side the exposure period.

The occurrence of thunderstorms during pollen season of some
taxa may lead to the so called “thunderstorm asthma”, an epi-
demic of allergic asthma outbreaks, sometimes also severe asthma
attacks, as reported in many areas of the world (97). The Mel-
bourne thunderstorm asthma epidemic during the peak grass
pollen season in November 2016 was unprecedented in scale
and impact, with a large number of people having breathing
difficulties and about 9900 patients” presentations at hospital
emergency departments (98, 99). A systematic analysis of hos-
pital’s patients in Melbourne aged 216 years with thunderstorm
asthma was conducted by Lee ¢z 2/. (98), to identify key risk fac-
tors. Of 85 adult patients assessed, the majority (60%) had no
prior diagnosis of asthma. However, allergic rhinitis during the
grass pollen season was almost universal (99%), as were ryegrass
pollen sensitization (100%) and exposure to the outdoor envi-
ronment during the thunderstorm (94%). Airborne pollen lev-
els on the thunderstorm day were extreme (102 grains/m3) (98).
The results suggest that ryegrass pollen sensitization and clinical
allergic rhinitis define the adult population at risk for thunder-
storm asthma, with acute allergen exposure as a trigger factor. The
size of ryegrass pollen grains is > 35 pm in diameter, but stormy
moisture may cause their rupture into respirable 3 pm granules

that can easily penetrate deeply into the airways and elicit respi-
ratory symptoms in predisposed subjects.

Based on this evidence, thunderstorm asthma can be consid-
ered a model of PIA and a risk factor of severe exacerbations in
patients with mild asthma, often undiagnosed, allergic asthma.

The management of pollen-induced asthma: a model of
regular treatment?

The aim of asthma management should be to achieve the best
possible long-term outcomes for the individual patient. This may
include significant reduction (possibly the complete absence)
of asthma daytime and nocturnal symptoms, to improve lung
function, to prevent/minimize the risk of acute deterioration
of asthma symptoms (exacerbations) and asthma-related death,
provide optimal pharmacotherapy with a simple dosage sched-
ule and minimal or no adverse effects and to allow the patients to
have a normal or almost normal life. According to that, asthma
may be considered under control when all these outcomes are
achieved (5, 100-104).

Poor symptom control of asthma is associated with an increased
risk of exacerbations, but even people with good symptom con-
trol or seemingly mild asthma can still be at risk of severe exac-
erbations (105), and even death (106). Thus, most guidelines rec-
ommend that asthma control should be assessed in two domains:
1) current symptom control and 2) risk factors for future poor
asthma outcomes, particularly exacerbations (e.g., smoke, history
of exacerbations, blood eosinophilia or high FeNO, environmen-
tal exposure) (5, 100-104).

The definition of asthma control mostly refers to the stability of
clinical and functional parameters. However, some authors sug-
gest that the inflammatory profile of an asthmatic patient should
also be considered in the evaluation of asthma control (107). In
this regard, within populations of patients with allergic rhinitis
or intermittent asthma, some subjects show evidence of ongoing
bronchial inflammation, i.e., low pH and high IL-5 concentra-
tions in the exhaled breath condensate, as well as increased FeNO
levels (107, 108).

The question whether subclinical airway inflammation may deter-
mine the risk of relapse later in future was addressed in a large
population-cohort study (109). The results demonstrated that a
number of inflammatory biomarkers was independently associ-
ated with future respiratory outcomes or accelerated lung func-
tion decline. In this respect, GINA document points out that
increased levels of type 2 inflammatory markers are risk factors
for poor asthma outcomes (5).

It should be also underlined that each bronchoconstrictor event
determines epithelial and bronchial muscle stress (mechano-
transduction), which translates into the release of cytokines and
growth factors that accelerate bronchial remodeling and inflam-
mation, generating positive feedback mechanisms that tend to
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perpetuate the persistence of asthma (110-114). These findings
have potential implications for asthma management, as the pre-
vention of bronchoconstriction itself could be an important tar-
get, contributing to the reduction of inflammation.

As a consequence, ideal treatment strategies should be also aimed
at controlling underlying airway inflammation and possibly pre-
vent or slow down remodeling processes.

Inhaled corticosteroids (ICS), alone or in single inhaler combina-
tion with long acting beta2 agonists (LABA), are the mainstay of
asthma treatment and are recommended in several national guide-
lines as regular preventive therapy approach, in which the dose of
ICS is appropriate to the severity of disease and can be increased
as necessary, and decreased, when possible, to achieve and main-
tain disease control (100-104). The frequency of rescue medica-
tion use, such as the short acting beta2 agonists (SABA) to relieve
symptoms, is considered a reliable measure of asthma control.
In mild-moderate asthma, the guidelines also consider the use of
a single combination inhaler of ICS/LABA for maintenance and
reliever therapy (MART), which might suit some individuals (5).
It relies on the rapid onset of reliever effect with formoterol and
by including a low dose of inhaled corticosteroid it ensures that,
as the need for a reliever increases, the dose of preventer medi-
cation is also increased.

The analysis of MART clinical trials demonstrated that this strat-
egy was at least as effective as a regular treatment with other ICS/
LABA combinations plus SABA as needed in the prevention of
severe exacerbations, but it is associated with a significant level of
symptoms (54% of the days) and frequent use of rescue medica-
tion, that may be considered as a sign of an incomplete asthma
control, particularly when these events are frequently reported
(115-119). Notably, Pavord ez al. (120) showed that sputum eosin-
ophils and endobronchial biopsy eosinophils were significantly
lower following a regular treatment with ICS/LABA plus SABA
compared to MART strategy, where a trend towards increased
cellularity was observed.

Interestingly, three surveys have been conducted in 16 countries
all over the world to understand current treatment approaches for
patients with asthma and how these align with the latest GINA
recommendations in real-world clinical practice. Altogether 2,482
physicians (mainly pulmonologists and general practitioners) and
4,266 asthmatic patients have been enrolled (121-123). The results
show important rates of poor asthma control and SABA use across
all participating countries. Patients appear to overestimate their
level of asthma control, that is not aligned with their reporting
of symptoms/limitations. Physicians generally rated symptom
control over exacerbation reduction as their main treatment goal
for patients with mild to moderate asthma. This was consistent
with prioritization of symptoms over exacerbations when pre-
scribing daily maintenance medication. The consolidated proac-
tive treatment with ICS/LABA and as-needed SABA remains the
preferred initial approach. Furthermore, the co-prescription of

MART therapy and SABA (frequently requested by the patients
themselves) suggests confusion between reliever strategies in real
world or alternatively is suggestive of patients who may remain
uncontrolled on MART therapy and feel the need for a reliever
to manage their asthma symptoms (122).

Another aspect to be considered is the hypoperception of airway
obstruction by the patients that was reported in approximately
26% of asthmatics; these patients are poor judges of their clinical
conditions, and this under-estimation may lead to poor adherence
to maintenance therapy, inadequate treatment of airway inflam-
mation and airway hyperresponsiveness and increased risk for
exacerbations and episodes of near-fatal asthma.

However, the model of pharmacological treatment proposed
in the guidelines, largely based on a similar type of therapeu-
tic response for all patients, does not consider, in mild-moder-
ate asthma, the possible different phenotypes that may require
a personalized approach. In this respect, the PIA phenotype is
pathognomonic, as the assessment of the impairment domain
(symptoms), on which the control assessment is largely based,
varies considerably depending on the exposure period to pollen,
given that the questionnaires (such as ACT) often investigate the
symptoms relating to the previous few days or weeks.
Furthermore, unlike other clinical phenotypes, in PIA the main
future risk factor, the seasonal exposure to pollen, is known and
partly predictable. This consideration is, however, still insufficient
for a rational therapeutic approach, which cannot necessarily be
the same in all periods of the year and in all subjects.

For this reason, we have proposed the need to carry out a sea-
sonal risk stratification, based on the risk factors of exacerbation
previously described and shown in figure 2, using the consider-
ations summarized in table I.

Consequentially, the proposed therapeutic algorithm that con-
siders the risk stratification model is schematized in figure 4.
In subjects at low risk, ICS/formoterol as needed or low dose
ICS whenever SABA is taken can be considered. In the event
that the use of the rescue medication is > 2 days/week or in case
of symptoms > 2 days/week, it is recommended to switch to a
fixed daily therapy.

In subjects stratified as high risk, we propose a maintenance daily
therapy with ICS/LABA and SABA as needed, or daily mainte-
nance ICS and as needed SABA or MART with ICS/formoterol
from the beginning of the exposure period, determined on the
basis of the pollen calendar. The strength of ICS (medium or
high) is determined by the healthcare professional based on risk
stratification; generally, in patients with PIA a medium strength
is sufficient. In any case, the rapid variability of pollen exposure
conditions can make it difficult to obtain a maximal bronchopro-
tective effect using a symptom-driven approach, as this achieve-
ment requires therapeutic continuity. In addition, the persistence
of risk factors for the loss of asthma control, including comorbid-
ities and increased biomarkers of airway inflammation, even in
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Table I - Seasonal risk stratification.

Indicators High risk Low risk
Symptoms during Severe exacerbations 21 None
pollen exposure in the previous 12 months
Frequency of respiratory symptoms > 1 time/week None

Symptoms before
pollen season

Biomarkers assessed
before pollen season

Lung function before
pollen season

Use of reliever

Persistent (> 1 week) respiratory
symptoms™ after airway viral infection

Respiratory symptoms* after
hyperventilation (running, singing...)

Respiratory symptoms* in the current
and previous months

FeNO
Eosinophils

Spirometry: airway obstruction

Spirometry: FEV1

Spirometry: bronchial responsiveness test

Direct bronchial challenge (PC20)

Indirect bronchial challenge (PD15)

Regularly > 1 time/week
Yes

Yes
Yes

> 40 ppb
> 400 /mmc

FEV1/FVC < LLN or < 75%
< 80% predicted or > 10% fall

versus previous control

> 12% and 200 ml

High AHR: PC20 < 1 mg/ml
Moderate AHR: PC20 2 1 <4 mg/ml

Positive to mannitol test:
PD15 < 635 mg mannitol

No, a few times

No
No
No

< 25 ppb

< 150 /mmc

FEV1/FVC 2 LLN or = 75%
Normal or > 80% predicted

unchanged from personal best
< 12% and 200 ml
Mild AHR > 4 < 8 mg/ml
AHR borderline > 8/mg/ml

Negative to mannitol test:
PD15 > 635 mg mannitol

Other clinical features
to consider

AModerate-severe allergic rhinitis, rhinosinusitis, gastroesophageal reflux, obesity
Impaired perception of bronchoconstriction (hypo-perceptors);

perception reduced also in patients with high AHR

*Respiratory symptoms: cough, shortness of breath, wheezing, chest tightness; Athe risk increases if multiple comorbidities are present; AHR: airway hyperresponsiveness.

a patient with apparently minor daily symptoms, should be also
considered for treatment optimization, to prevent negative out-
comes. Therapy will be withheld or reduced based on the pro-
gression of symptoms and the resolution of triggering factors,
supported by the pollen data.

In patients with PIA receiving seasonal therapy it is advisable to
use a principle of maximum precaution, in particular in those con-
sidered at high risk, as they may experience severe exacerbations
or even episodes of near-fatal asthma due to the rapid changes
in the allergenic load to which they are exposed, in the presence
of a high degree of AHR not previously highlighted and under-
treated with ICS (35-37). In this respect, modeling studies based
on published experimental and clinical data showed that a differ-
ent degree of asthma control and bronchoprotection (i.e., sup-
pression of the AHR) as well as systemic activity can be achieved
depending on the adherence to the therapeutic regimen and the

type of ICS used (124).

None of the above-mentioned pharmacological therapies address
the pathogenetic mechanism of allergic asthma. Conversely, AIT
is the only therapeutic intervention able to induce both immune
modifying effects and long-term efficacy.

Different efficacy results have been reported in relation to het-
erogeneity in terms of products used, routes of administration
(subcutaneous — SCIT and sublingual — SLIT), study popula-
tions, and study designs compared to those commonly employed
in pharmacological clinical trials of asthma (125, 126).

The efficacy of AIT in seasonal allergic asthma caused by grass
pollen allergy and tree pollen allergy (the most frequently stud-
ied pollens considering their epidemiological load) has been
proven in clinical trials and real-word studies, especially with
SCIT (127-129).

The large retrospective cohort study REACT analyzed German
health insurance data from 2007 to 2017: the analysis showed
that AIT prescription in patients with allergic asthma (compared
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with a control group without AIT prescription) led to a lasting
improvement in asthma control, lower medication consumption,
and a decrease in the exacerbation rate (127). In addition, these
effects even increased over time after the end of AIT and there
was also an advantage for patients with asthma with regard to
the occurrence of pneumonia and hospitalizations.

A population-based Danish study compared patients with asthma
who received an AIT prescription with patients who did not receive
an AIT prescription: in the 3 years following completion of the
AIT prescription, there was a sustained reduction in the exacer-
bation rate (on average by 74% in patients with seasonal allergies
and on average by 57% in patients with house dust mite aller-
gies) compared with patients without an AIT prescription (128).
The results of a real-world study involving a large sample of
patients showed that sublingual AIT was associated with a signif-
icant reduction in the risk of new asthma events for up to eight
years and also in the risk of asthma onset or worsening, for all
ages and allergens evaluated (129). The results support the long-
term effectiveness of sublingual AIT treatment of patients with
allergic rhinitis with and without pre-existing asthma, as a rele-
vant causal option for patients with respiratory allergies.

AIT is currently recommended for allergic asthma, if it is well
documented that allergens elicit asthma symptoms and if asthma
is controlled (130). Thus, AIT is considered as an additional ther-

apy for allergic asthma, and carried out after the initiation of ade-
quate drug therapy for asthma. Ideally, inhaled therapy can be
reduced during AIT or even stopped completely once AIT has
been completed.

However, in case of patients with symptoms limited to the pollen
season, AIT should be associated to a proper treatment accord-
ing to the PIA therapeutic algorithm (figure 4).

Conclusions

Evidence supports the hypothesis of PIA as a specific asthma
phenotype, characterized by substantial asymptomatic periods
in which patients are not exposed to triggers, with allergic rhini-
tis being one of the most common comorbidities.

Although the pollen season represents the key factor affecting
the risk of asthma outbreaks, pollen count, aerobiological data,
the presence of polysensitivity that can overlap, and the mete-
orological conditions can also influence the clinical picture of
the patients in different directions (38). In this context, a care-
ful assessment of the clinical manifestations in the previous year
and in the period before the pollen season, as well as the mea-
surement of objective markers (FeNO, AHR, FEV1, circulating
eosinophils), make it possible to stratify the risk of symptoms
and exacerbations, allowing the therapeutic approach to be tai-
lored in a rational manner during the seasonal exposure period.

Figure 4 - Therapeutic algorithm for pollen-induced asthma.

‘ Pre-season assessment ‘

‘ Risk stratification ‘

High risk _—

T ] — |

As needed ICS/SABA*
As needed ICS/formoterol**

If:
* Symptoms > 2 days/week
* Reliever > 2 days/week

Daily maintenance therapy

*Low dose ICS whenever SABA is taken

Medium/low dose ICS maintenance + as needed SABA”
ICS/LABA maintenance + as needed SABA”
MART (ICS/formoterol maintenance and reliever)

**Assess the correct perception of symptoms by the patient

and investigate the presence of wheezing

~Carefully inform the patient not to use SABA alone. In the
case of reliever use > 2 days/week, a control visit is required

Reduce/stop therapy
based on pollen count and symptoms




222

Lorenzo Cecchi, Antonino Musarra, Kliljeda Jaubashi, ez a/.

Effective disease control can be achieved through the use of ther-
apeutic regimens containing ICS. Depending on patients’ char-
acteristics and risk factors, healthcare professionals and patients
can share the decision on the best therapeutic strategy (131), con-
sidering effective bronchoprotection and the simplicity of regular
once-daily administration of ICS/LABA, that favors the thera-
peutic adherence (132), and the flexibility of the MART strategy,
which however may require more careful education and collabo-
ration from the patient (133). In patients who, in previous years,
have shown a loss of asthma control only in the season when they
are exposed to sensitizing allergens, a seasonal therapy (i.e., ther-
apy prescribed during periods of seasonal exposure) may be con-
sidered (133). In any case, the poor predictability of exposure to
pollen, with its variations in concentration and allergenicity, high-
lights the importance of a preventive approach to reduce the risk
of asthma outbreaks. Thus, starting daily therapy with low-dose
ICS/LABA before the period of maximum allergic exposure could
be advisable to increase the level of bronchoprotection (133).
Allergen-specific immunotherapy is the only curative treatment
that can be used in association with standard pharmacological
therapy in PIA, that may provide benefit, especially in subjects
with comorbidities, such as allergic rhinitis, and may reduce
drug burden (134).

Educating patients on proper symptom perception and adherence
to treatment is also crucial for optimal disease control.
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