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ABSTRACT

Eosinophils have a broad range of functions, both homeostatic and pathological, mediated
through an array of cell surface receptors and specific secretory granules that promote interac-
tions with their microenvironment. Eosinophil development, differentiation, activation, survival
and recruitment are closely regulated by a number of type 2 cytokines, including interleukin (IL)-
5, the key driver of eosinophilopoiesis. Evidence shows that type 2 inflammation, driven mainly
by interleukin (IL)-4, IL-5 and IL-13, plays an important role in the pathophysiology of eosinophilic
airway diseases, including asthma, chronic rhinosinusitis with nasal polyps, eosinophilic granulo-
matosis with polyangiitis and hypereosinophilic syndrome. Several biologic therapies have been
developed to suppress type 2 inflammation, namely mepolizumab, reslizumab, benralizumab,
dupilumab, omalizumab and tezepelumab. While these therapies have been associated with
clinical benefits in a range of eosinophilic diseases, their development has highlighted several
challenges and directions for future research. These include the need for further information on
disease progression and identification of treatable traits, including clinical characteristics or
biomarkers that will improve the prediction of treatment response. The Nordic countries have
a long tradition of collaboration using patient registries and Nordic asthma registries provide
unique opportunities to address these research questions. One example of such a registry is the
NORdic Dataset for aSThmA Research (NORDSTAR), a longitudinal population-based dataset
containing all 3.3 million individuals with asthma from four Nordic countries (Denmark, Finland,
Norway and Sweden). Large-scale, real-world registry data such as those from Nordic countries
may provide important information regarding the progression of eosinophilic asthma, in addition
to clinical characteristics or biomarkers that could allow targeted treatment and ensure optimal
patient outcomes.
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Introduction
identification of treatable traits that will aid the predic-

tion of treatment response. The Nordic countries have
a long tradition of collaboration using patient registries
[2], which may provide unique opportunities to
address important research questions. This review arti-

Eosinophilic airway diseases encompass a broadly het-
erogeneous group of pathologies characterised by ele-
vated levels of eosinophils in the blood and/or tissues
[1]. Despite great improvements in our understanding

of eosinophils, there are still many challenges in eval-
uating and treating eosinophilic diseases in clinical
practice. Moreover, there is a distinct need for real-
world information on disease progression and

cle summarises the available evidence on eosinophil
biology and pathophysiology of eosinophilic airway
diseases, with a focus on Nordic research to further
our understanding of eosinophilic airway diseases.
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Basic science of eosinophils

Eosinophils are involved in a variety of regulatory and
homeostatic functions [3,4]. Through their vast array
of cell surface receptors and large specific secretory
granules that store proteins including ribonucleases,
cytokines, enzymes and growth factors, eosinophils
are well equipped for extensive interactions with

their environment (Figure 1)[4]. Eosinophils usually
develop and differentiate from pluripotent progenitors
in the bone marrow, before they migrate in the blood
to various tissues (for homeostatic purposes) or are
recruited to sites of type 2 inflammation [3-5].
However, human studies suggest that in patients with
severe asthma, eosinophil progenitors also migrate to
the airways where they undergo differentiation in situ
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Figure 1. Eosinophils are equipped with an array of cell surface receptors and intracellular mediators that facilitate interactions with
their microenvironment.ER, endoplasmic reticulum; IL, interleukin; ILC2s, type 2 innate lymphoid cells; MHC, major histocompat-
ibility complex; PAR, protease-activated receptor; PIRB, paired immunoglobulin-like receptor B; PPAR, peroxisome proliferator-
activated receptor; PRR, pattern-recognition receptor; SIGLEG, sialic acid binding immunoglobulin-like lectin; TH2, T helper type 2.



[6]. Their development and differentiation in the bone
marrow is tightly regulated by transcription factors, as
well as interleukin (IL)-5, IL-3 and granulocyte-
macrophage colony-stimulating factor (GM-CSF)[4].
The activation, survival and recruitment of eosinophils
under normal physiological conditions is largely dri-
ven by IL-5, a key cytokine in eosinophil regulation
that is produced by T helper type 2 cells (TH2), eosi-
nophil progenitors, mast cells and type 2 innate lym-
phoid cells (ILC2s) (Figure 1). IL-5 production is in
part driven by epithelium-derivate alarmins, including
IL-33, IL-25 and thymic stromal lymphopoietin
(TSLP) [7-10]. In turn, eosinophils exert multiple
effects on other cells by releasing mediators that acti-
vate cell surface receptor signalling[11]. Under homeo-
static conditions, eosinophils modulate adaptive
immune responses and play a role in tissue repair
and restorative tissue remodelling; at sites of inflam-
mation, they release inflammatory mediators that con-
tribute to the innate immune response and disease
pathogenesis, including excessive tissue remodelling
[3-5,12].

In murine studies, evidence suggests that different
eosinophil subpopulations exist, including resident
eosinophils in various tissues and inducible eosinophils
[11,13-15]. In mice, lung resident and inducible sub-
populations display differing morphological and phe-
notypical features; however, the presence of regulatory
and inducible eosinophils is still to be conclusively
shown in humans, with only a discrimination between
tissue and peripheral blood eosinophils demonstrated
thus far[16]. Progress in basic eosinophil research has
been somewhat hampered by technical challenges such
as the large number of intrinsic RNases in eosinophils,
the easily triggered degranulation of human eosino-
phils, and difficulties in obtaining sufficient numbers
of purified cells from blood or inflamed tissue to per-
form mediator assays, single-cell RNA sequencing or
long-term cell culture [11,13,16]. Nonetheless, it is
evident that different biological contexts are potentially
associated with different activation profiles of eosino-
phils that permit unique biological functions [13-
15,17]. For example, eosinophils from patients with
severe non-allergic eosinophilic asthma have higher
expression of IL-3, IL-5 and GM-CSF receptor a-
chains than those from patients with non-severe aller-
gic asthma[18]. This indicates that different endotypes
are likely to have different eosinophil activation and
recruitment drivers. Furthermore, in patients with
allergic disease or asthma, significantly more circulat-
ing eosinophils are hypodense compared with healthy
patients [19,20], and hypodense eosinophils have
increased expression of cell surface receptors CD122,

EUROPEAN CLINICAL RESPIRATORY JOURNAL e 3

CD69 and CD4[21]. Characterisation of eosinophil
subpopulations is therefore an important aim of eosi-
nophil research and will shed further light on the many
roles they play in health and disease.

Eosinophils in health and in disease
progression

Eosinophils in immunity and health

Eosinophils are present in a range of tissues in healthy
individuals, including the thymus, adipose tissue, gas-
trointestinal tract, mammary glands, uterus and lungs
[11,22]. Their constitutive presence suggests that they
contribute to normal biological processes and there is
growing evidence for their involvement in maintaining
homeostasis and human health (Figure 2). In multiple
target tissues, eosinophils actively regulate innate and
adaptive immune functions. As effector cells in innate
immunity, they play an important role in host defence
against microbial pathogens including fungi, bacteria
and viruses, and underlie associated tissue inflamma-
tion[3]. In vitro studies (using human and mouse eosi-
nophils) and in vivo studies (using a mouse model of
eosinophilia), show that during bacterial infection,
eosinophils release mitochondrial DNA, which along
with granule proteins, forms extracellular structures
that bind to and eliminate bacteria[23]. Further,
in vitro studies (using human blood eosinophils and
human-derived eosinophil cell lines and proteins) sug-
gest that protection against viruses is mediated through
eosinophil nitric oxide production and the release of
eosinophil-derived granule proteins including eosino-
phil cationic protein, eosinophil-derived neurotoxin
and Charcot-Leyden crystal protein/galectin-10 [24-
27]. Murine and human data also suggest that eosino-
phils interact with various immune cells including
T lymphocytes and dendritic cells, and can act as anti-
gen-presenting cells during allergen challenge or hel-
minth infection [3,28,29]. More recently, data from
patients with several different neoplasms have shown
that eosinophils may play a role in anti-tumour immu-
nity; however, they are thought to be a source of both
anti-tumorigenic and pro-tumorigenic molecules and
their exact role is, as yet, unclear[30].

Although data on the functions of human gastroin-
testinal eosinophils are lacking, mouse models show
that gut-residing eosinophils are involved in the main-
tenance of the protective mucosal barrier and interact
with other immune cells that provide immunity to
pathogens present in the gut lumen[31]. Murine data,
supplemented by human data, show that eosinophils
play various roles in adipose tissue, including
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Figure 2. The roles of eosinophils in health and disease.

sustaining adipose tissue homeostasis to promote
healthy ageing, maintenance of alternatively activated
macrophages (which play a crucial role in glucose
homeostasis) and the development of beige fat (which
improves glucose tolerance, insulin reactivity and pro-
tects against obesity) [32-34]. The increase in eosino-
phils evident in human abdominal aortic aneurysm
disease has been shown to be regulatory in mice, play-
ing a protective role through macrophage and mono-
cyte polarisation[35]. Finally, in murine lung tissue,
a subset of homeostatic eosinophils participates in the
fine-tuning of respiratory immune responses by pre-
venting type 2 inflammatory responses to low doses of
allergens[13]. Together, this growing body of data
highlights a varied range of roles for eosinophils in
healthy tissue.

Eosinophils in airway diseases

It is well understood that pathological type 2 inflam-
mation occurs due to dysregulation of innate and
adaptive immune responses[36]. The role of eosino-
phils in mediating this inflammation is well established

[9,10] and type 2 inflammation is considered central to
the pathophysiology of eosinophilic diseases such as
eosinophilic asthma, chronic rhinosinusitis with nasal
polyps (CRSwNP) and eosinophilic granulomatosis
with polyangiitis (EGPA) [37-40]. In these diseases,
a cycle of chronic inflammation is created at the patho-
logical site, whereby the inflammatory response is
amplified as the eosinophils recruited to the site secrete
mediators leading to tissue damage[15]. While the
number of eosinophils at such sites is regulated by
IL-5-induced production and recruitment to tissue by
chemokines, data also suggest that eosinophil apoptosis
is delayed in patients with asthma, thus prolonging
tissue residency and aggravating eosinophilic inflam-
mation[41]. Conversely, corticosteroids induce apopto-
sis in human eosinophils at clinically relevant
concentrations, likely contributing to their anti-
inflammatory effect in eosinophilic asthma [41-43].
Stromal interactions are considered relevant to pro-
longed tissue-resident eosinophil survival, which may
be mediated by the cytokines IL-3 or GM-CSF [44]
(additional to any local tissue IL-5 generation) and
potentially other factors including tumour necrosis



factor (TNF)-a[45] and polyamine spermidine[46].
The signalling pathways that facilitate eosinophil-
induced inflammation are a well-established therapeu-
tic target for eosinophilic diseases.

Several biologic therapies have been developed to
target type 2 inflammatory factors [47-52].
Mepolizumab and reslizumab are monoclonal antibo-
dies that target IL-5. Benralizumab targets the IL-5
receptor. Dupilumab and omalizumab target the IL-4/
13 receptor and immunoglobulin (Ig)E, respectively,
while tezepelumab blocks TSLP. All of these biologics
have been shown to suppress aspects of type 2 inflam-
mation, and additional to the IL-5-directed therapies,
a reduction in the number of eosinophils in airway
tissue has also been shown with omalizumab and teze-
pelumab [53,54]. Anti-IL-5 therapies have been asso-
ciated with clinical benefits in several eosinophilic
diseases. However, not all eosinophil populations are
entirely dependent upon IL-5; cluster analyses of spu-
tum sample gene expression identify distinct asthma
groupings containing eosinophils, suggesting that there
may be different underlying pathophysiology with ele-
vated airway eosinophils in asthma[55]. This highlights
a need for further predictive biomarkers that reflect
these different processes, and work is underway to
determine the characteristics and possible significance
of eosinophil populations in blood and tissue under
different circumstances. Given the complex function-
ality of eosinophils, consideration of both their homeo-
static and detrimental effects is needed in the
development of anti-eosinophilic treatments. As such,
it is important to consider the so-called normal range
of eosinophil counts in healthy individuals, and
whether a minimum number of eosinophils is needed
to maintain healthy physiological functions[39]. Below,
we summarise the successes and challenges of treating
eosinophilic diseases to date, with particular reference
to Nordic countries and the promise of their broad
range of patient registries.

The role of eosinophils in different airway
diseases

Asthma

Asthma is a major health risk in developed or high-
income countries [56]; Nordic countries are no excep-
tion to this, with asthma remaining a risk factor for
mortality [57,58]. Patients with severe asthma have
poor symptom control despite high-dose treatment
with corticosteroids and additional controller therapy,
and represent a major clinical challenge[59]. A large
proportion of patients with difficult-to-control asthma
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also have at least one comorbidity [60,61], and these
have a great impact on healthcare costs and health-
related quality of life (HRQoL). Novel biologic treat-
ments may benefit patients with severe asthma, but
they must be targeted appropriately[59].

Asthma is a complex, heterogeneous disease with
different inflammatory endotypes[62]. Type 2 inflam-
mation plays a central role in allergic and non-allergic
eosinophilic asthma and in mixed granulocytic asthma
[63]. The contribution of eosinophils to airway inflam-
mation is well recognised, with higher blood eosinophil
counts predicting future exacerbation risk and poor
asthma control in patients[64]. For example, in
a Swedish registry study, a higher blood eosinophil
count was associated with more frequent asthma
exacerbations[65]. In a Finnish study, higher (>300
cells/pL) blood eosinophil counts were associated with
more outpatient visits and higher total- and asthma-
related healthcare resource utilisation costs than lower
counts (<300 cells/uL)[66]. As such, the cytokines
involved in type 2 inflammatory pathways are impor-
tant treatment targets. Of the current therapies target-
ing type 2 inflammation, benralizumab, dupilumab,
mepolizumab, omalizumab and reslizumab are
approved for the treatment of severe asthma [47-
49,51]. Tezepelumab was recently approved by the
U.S. Food and Drug Administration, but awaits
European Medicines Agency approval. In the
PATHWAY and the NAVIGATOR trials performed
in patients with severe asthma, tezepelumab-treated
patients had reduced exacerbation rates and showed
improvements in lung function, HRQoL and asthma
control[52].

Mepolizumab treatment is associated with clinically
relevant reductions in exacerbation rates in patients
with severe eosinophilic asthma and a history of
exacerbations [67,68], and modelling has identified
baseline blood eosinophil count as the key biomarker
for predicting treatment response in these patients[69].
Mepolizumab primarily targets systemic inflammation,
through inhibition of IL-5 signalling to the bone mar-
row, reducing mature eosinophilic development, whilst
leaving unaffected immature eosinophil progenitor
populations which can circulate to sites.
Consistent with this, localised eosinophilopoiesis has
been demonstrated in the airways (i.e. in situ) in severe
eosinophilic asthma and there is a lesser, albeit notice-
able, reduction in sputum eosinophils in comparison
with the impact on blood eosinophils[70]. The nature
of the eosinophil populations that remain within the
airways is undefined, but as their presence is not asso-
ciated with an increased risk of severe disease exacer-
bation[71], their recruitment may be part of

tissue
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a regulatory innate immune response. This is an area
with a need for deeper understanding.

Mepolizumab has also been shown to improve
HRQoL [72] and to have an oral corticosteroid (OCS)-
sparing effect in patients with severe eosinophilic
asthma[73]. Clinical benefits (including reduced
exacerbations, improved lung function and HRQoL)
in addition to an OCS-sparing effect have also been
shown in studies of reslizumab and benralizumab in
patient populations similar to those included in the
mepolizumab trials [74-80]. Furthermore, the relation-
ship between baseline blood eosinophil counts =150
cells/uL (0.15 x 10°/L) and response to treatment was
confirmed in post hoc analyses of the benralizumab
trials[81]. Similarly, patients with moderate-to-severe
uncontrolled asthma who received dupilumab treat-
ment in a Phase III trial had significantly lower rates
of severe asthma exacerbations, better lung function
and better asthma control than those who received
placebo, with greater benefits seen in those with higher
baseline blood eosinophil counts[82]. Finally, omalizu-
mab has been shown to significantly reduce the rate of
asthma exacerbations, severe exacerbations and emer-
gency visits in patients who had inadequately con-
trolled severe persistent allergic asthma, despite high-
dose ICS and long-acting [,-agonist (LABA) therapy
[83]. Together these large, Phase III clinical studies
have demonstrated clinical benefits in patients with
severe asthma when targeting type 2 inflammation.

Blood eosinophil count is the best available biomar-
ker for predicting which patients with severe eosino-
philic asthma are most likely to respond to anti-IL-5
biologics, with higher blood eosinophil counts related
to greater treatment response[84]. Future research
should evaluate whether additional biomarkers can
supplement blood eosinophil count and improve the
predictive selection of populations most responsive to
biologic therapy.

Recent data from a large cohort of patients with
severe asthma from U-BIOPRED, a European multi-
centre study, supports the use of urinary leukotriene E4
(LTE4) and prostaglandin D2 (PGD2) metabolites as
potential non-invasive biomarkers to guide molecular
phenotyping of asthma, in addition to the selection of
biologics that target type 2 inflammation[85]. This
study included the largest evaluation of urinary eicosa-
noid metabolites in individuals with and without
asthma to date, and showed that LTE4 levels were
significantly higher in all asthma groups compared
with healthy participants[85]. PGD2 metabolites were
also elevated in patients with asthma compared with
healthy participants[85]. Moreover, there was a strong
association between both urinary LTE4 and PGD2

metabolites and clinical markers of eosinophilic type
2 inflammation, such as FeNO, blood and sputum
eosinophils, serum periostin and IL-13. The associa-
tions were first observed at the baseline visit, (n = 597)
and reproduced in a longitudinal follow-up visit
(n = 302). In the same study, the strong relationships
between LTE4 and PGD2-metabolites and markers of
type 2 inflammation were also validated externally
using data from adolescents with severe or controlled
persistent asthma[85]. Data from a Swedish real-world
biocohort study (BIOCROSS) showed that the expected
reduction in blood eosinophils during anti-IL-5 treat-
ment was associated with decreased concentrations of
urinary LTE4[86], further supporting the role of LTE4
as a marker of type 2 inflammation. The measurement
of urinary eicosanoids in these studies was performed
by mass spectrometry [85,86], but urinary LTE4 and
the main metabolites of PGD2 can also be measured by
established immunoassays [87] that are simpler to
apply in clinical laboratories.

Chronic rhinosinusitis with nasal polyps

CRSwNP is a clinical challenge. It is a chronic disease,
with symptoms including loss of sense of smell and
chronic nasal obstruction that can negatively impact
sleep and HRQoL [40,88-90]. Although the aetiology
of CRSwNP involves both eosinophilic and neutrophi-
lic pathways, it is clear that eosinophils play an impor-
tant role in some endotypes, particularly in the
recurrence of NP among patients who are refractory
to standard treatments [40,91-93]. Eosinophilic asthma
and CRSwNP frequently co-exist, and this combination
is associated with greater disease burden and worse
outcomes compared with either severe asthma or
CRSwWNP alone [94-96]. Data on whether asthma is
a comorbidity of CRSWNP, or vice versa, are currently
limited.

Treatment options for CRSWNP include nasal ster-
oids, nasal douching, OCS and surgery (to reduce the
NP tissue and improve access for local medical treat-
ment)[40]. Dupilumab, omalizumab and mepolizumab
are approved for the treatment of CRSWNP [48-50,97]
following Phase III trials in which the occurrence of
sinonasal surgery and corticosteroid use were reduced
and symptoms were improved in patients with
CRSwWNP [96-98]. Benralizumab is currently under
investigation for use in CRSWNP[99].

Importantly, the 2020 European position paper on
rhinosinusitis and NP states that the indication for
biological treatment in CRSwNP should be the pre-
sence of bilateral NP following functional endoscopic
sinus surgery as well as three of the following criteria:



evidence of type 2 inflammation, need for or contra-
indication to systemic corticosteroids, significantly
impaired quality of life, significant loss of smell and
diagnosis of comorbid asthma[40]. Biologic treatment
should be evaluated after 16 weeks and 1 year based on
reductions in NP size and need for systemic corticos-
teroids, as well as improvements in HRQoL and sense
of smell and reductions in the impact of comorbidities
[40]. A need for phenotyping and endotyping patients
with CRSWNP to direct treatment appropriately was
also identified[40]. While the data and guidelines for
biologic therapies in CRSWNP provide a good basis for
improving treatment options, more studies are still
needed to fully elucidate their long-term clinical
impact.

Chronic idiopathic eosinophilic pneumonia

Idiopathic chronic eosinophilic pneumonia (ICEP) is
a rare disease characterised by systemic and localised
lung eosinophilia with symptoms including dyspnoea,
cough and general symptoms such as arthralgia, fever,
weight loss and hypoxemia of varying severity
[100,101]. Bronchoalveolar lavage (BAL) fluid in CEP
contains a broad range of cytokines associated with
local type 2 inflammation, although the type 1 cyto-
kines IL-2 and IL-12 are also present [102-104].
Furthermore, there is evidence that in CEP, BAL
fluid eosinophils are activated, have locally augmented
secretion of their cytotoxic, cationic granule-stored
contents, decreased apoptosis and longer survival
than their counterparts in the peripheral blood. The
standard treatment for ICEP is OCS; however, the
relapse rate with OCS tapering is high and long-term
OCS use can have a deleterious effect [100,105,106],
highlighting a need for alternative therapies. Open-
label treatment with mepolizumab has been shown to
reduce relapses, blood eosinophil counts, OCS use and
lung infiltrates in patients with relapsing ICEP[107].
Future large-scale randomised controlled trials evalu-
ating anti-IL-5 therapies in ICEP are therefore
warranted.

Eosinophilic granulomatosis with polyangiitis

EGPA is a multi-system, necrotising vasculitis affecting
the small-to-medium blood vessels in various organs,
and is typically preceded by a prodromic phase with
increasingly severe asthma and eosinophilia [108-112].
EGPA is a heterogeneous disease; the frequency of
organ involvement differs between patients with anti-
neutrophil cytoplasmic antibody (ANCA)+ and
ANCA- disease, as does response to treatment
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[109,112-114]. Several biomarkers for EGPA disease
activity have been suggested, including eosinophil
counts and IgE levels, which differentially affect the
risk of disease relapse[115].

Currently, mepolizumab is the only eosinophil-
targeting biologic approved for the treatment of
EGPA[49]. Recently, benralizumab and reslizumab
have shown efficacy in the treatment of EGPA in
a number of case studies and a pilot study, respectively
[116-122]. In the pilot study, responders to reslizumab
experienced reduced OCS use and no exacerbations
[116]. While studies conducted to date confirm that
eosinophils are central to EGPA disease pathology,
further analyses are needed to identify appropriate
clinical biomarkers to separate EGPA phenotypes and
direct treatment appropriately.

Hypereosinophilic syndrome (HES)

Hypereosinophilia is generally defined as a persistent
blood eosinophil count of 21500 cells/uL (1.5 x 10°/L);
when this is accompanied by organ damage and is not
secondary to other causes of eosinophilia, a diagnosis
of HES may be made[1]. HES is a rare and heteroge-
neous condition with multiple different classifications
[1,123-128]. Patients present with a plethora of symp-
toms, including dermatologic, pulmonary, gastrointest-
inal, neurological and cardiac manifestations [129,130],
with cardiovascular complications shown to be asso-
ciated with poor prognosis[1]. As there are no vali-
dated biomarkers for HES, an elevated blood
eosinophil count is often considered to be a surrogate
marker for tissue eosinophilia and organ damage.

The cornerstone of treatment for HES has tradition-
ally been corticosteroids and immunosuppressive
therapies; however, neither treatment option provides
clinical benefits in all patients with HES and both can
cause long-term complications, highlighting a need for
better therapies[131]. Other therapeutic options
include the tyrosine kinase inhibitor imatinib in those
patients with the tyrosine kinase fusion (FIPILI-
PDGFRA-positive), and eosinophil-targeting therapies
[127,132]. Mepolizumab is currently the only eosino-
phil-targeting biologic approved for the treatment of
HES [49]; with benralizumab currently under investi-
gation in this patient population[133]. A Phase III
study in patients with FIP1LI-PDGFRA-negative HES
demonstrated reductions in blood eosinophil count
and a reduced number of flares over 32 weeks with
subcutaneous mepolizumab 300 mg versus placebo
[134]. Although the available data to date clearly
show that IL-5 contributes to elevated eosinophil
counts in many patients, for some patients, anti-IL-5



8 (&) C.JANSON ET AL.

treatment does not affect hypereosinophilia[134], indi-
cating causes independent of IL-5. These findings indi-
cate a need to exclude known causes of
hypereosinophilia before a diagnosis of HES is reached,
and that further research is needed into biomarkers
that predict response to HES treatment and the most
appropriate way to target treatment.

Furthering our knowledge of eosinophilic
diseases using data from registries

Through the development of anti-eosinophilic treat-
ments across the eosinophilic diseases described
above, a number of challenges and directions for future
research have been identified. These include: the need
to identify events that may predict development of or
progression to severe disease and any opportunities for
early disease modification; the need to identify treata-
ble traits, including clinical characteristics or biomar-
kers that will further improve the predicted response to
treatment; and the need to understand comorbidities
and their impact on prognosis. The ongoing require-
ment for real-world evidence of the long-term efficacy,
safety and economic impact of biologic therapies is also
clear. Moreover, it will be important to further our
understanding of the most appropriate timing to intro-
duce biologic treatments in any given patient, as well as
how long to continue with treatments and whether
switching or a combination of biologics may be appro-
priate treatment strategies in some patients. The
Nordic countries have a long tradition of collaboration
using patient registries, and Nordic asthma registries
provide a unique opportunity to address some of these
questions.

The promise of population-based registries

All five Nordic countries (Denmark, Finland, Iceland,
Norway and Sweden) have nationwide registries that
contain virtually all individuals residing in those coun-
tries[2]. These registries have similar data structure and
validity and use personal identity numbers, thus
enabling linking of medical records between multiple
registries and clinical studies to perform large cohort
studies. Such studies have long follow-up periods and
provide a broad wealth of clinical data, with increased
statistical power versus smaller studies[2]. In the case
of eosinophilic diseases, large-scale population-level
data with long follow-up periods and without loss to
follow-up would enable assessment of disease trajec-
tories and may identify windows of opportunity for
earlier interventions.

The potential of the Nordic registry system has been
realised in asthma with the development of the
NORdic Dataset for aSThmA Research
(NORDSTAR). NORDSTAR is an asthma research
consortium with a longitudinal dataset comprising all
3.3 million individuals with asthma from four Nordic
countries, with a total of approximately 50 million
person-years of follow up (Figure 3). The consortium
is governed by the Nordic Severe Asthma Network,
consisting of Nordic severe asthma specialists, and
aims to improve the lives of patients with severe
asthma through research and education[132].
NORDSTAR is the largest asthma database globally
and includes patient-level data on demographics and
socioeconomics, mortality, primary and secondary
healthcare resource utilisation and costs, and medica-
tion dispensing[133]. It is anticipated that NORDSTAR
will be updated to also include data on blood eosino-
phil counts and IgE levels from national laboratory
databases. Within each country, patient-level linkage
between registries has been conducted, enabling the
extraction and amalgamation of patient-level data
across all relevant data sources[133]. The key research
aim for NORDSTAR is to describe the trajectory of
asthma from mild through to severe disease and remis-
sion, identifying any risk factors that may be associated
with the development of these disease stages. This
unique approach will enable longitudinal follow-up of
patients with asthma in contemporary, routine clinical
care, with many aspects of NORDSTAR-based research
generalisable to other settings globally.

Current Nordic asthma registries

In addition to the population-based registries described
above, there are several asthma-specific registries in
Nordic countries that have the benefit of similar data
structure and validity. The Danish Severe Asthma
Register (DSAR) is a nationwide treatment register
that captures operational clinical data for all patients
in Denmark who are treated with biologics for severe
asthma. Its purpose is to provide an electronic platform
to capture operational data and provide a clinical over-
view of patients with severe asthma, in addition to
monitoring the effect of biological treatments and pro-
viding research possibilities. The data include clinical
information and patient-reported outcome measures
[135]. The Swedish National Airway Register (SNAR)
was initiated in 2013 and includes data from patients
with asthma and chronic obstructive pulmonary dis-
ease from primary, secondary and tertiary care; data on
patient characteristics, diagnostic interventions, symp-
tom scores, comorbidities and prescribed treatments
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are reported[136]137 In Finland, the Seindjoki Adult
Asthma Study (SAAS) is a single-centre, 12-year fol-
low-up study of a cohort of patients with new, adult-
onset asthma, which aims to increase understanding of
the diagnostic process, organisation of long-term
asthma care, therapeutic outcomes, prognosis and

prognostic factors in this population[138]139. Norway
does not yet have a severe asthma registry, but will be
commencing a single-centre registry with Haukeland
University Hospital starting to enrol patients in late
2021. Alongside NORDSTAR, these asthma registries
will provide valuable disease-specific information on an
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individual patient level that will ultimately be com-
bined with NORDSTAR data to form a dataset with
more information on clinical characteristics including
biomarkers (such as eosinophils), providing
a comprehensive picture of asthma management across
the Nordic countries.

Epidemiological data from Nordic countries to date

While the NORDSTAR project is in its infancy, there
are epidemiological data from Nordic countries that
provide valuable information on the impact of eosino-
phils in both health and disease, as well as the burden
of severe asthma, in these populations.

Impact of elevated eosinophils in the general
population

In the general population, a number of Nordic studies have
demonstrated deleterious effects associated with elevated
eosinophil counts. In the Copenhagen Primary Care
Differential Count (CopDiff) database, which holds results
from all different cell counts requested by general practi-
tioners in Copenhagen between 2001 and 2010, eosinophil
counts of >500 cells/uL (0.5 x 10°/L) occurred in approxi-
mately 4% of routine blood samples[140]. Compared with
individuals with a blood eosinophil count of 160 cells/uL
(0.16 x 10°/L), those with blood eosinophil counts of 300
cells/uL (0.3 x 10°/L) had a significantly increased risk of
haematological cancer (odds ratio [OR] 4.64; 95% confi-
dence interval [CI] 4.05, 5.33; p < 0.001) and all-cause
mortality (OR 1.99; 95% CI 1.88, 2.10; p < 0.001)[140]
A second study using data from the same database showed
that compared with individuals with a blood eosinophil
count of 160 cells/uL (0.16 x 10°/L), those with a blood
eosinophil count of 300 cells/uL (0.3 x 10°/L) had
a significantly increased risk of cardiac disease (OR 1.15;
95% CI 1.08, 1.23; p < 0.001), neurological disease (OR 1.11;
95% CI 1.02, 1.20; p = 0.019) and gastrointestinal disease
(OR 1.16; 95% CI 1.09, 1.23; p < 0.001)[141]. Moreover,
patients with a blood eosinophil count of 750 cells/pL
(0.75 x 10°/L) had an approximately two-fold risk of
respiratory end-organ damage (OR 2.11; 95% CI 1.96,
2.27; p < 0.001) or skin disease (OR 1.88; 95% CI 1.64,
2.15; p < 0.001) compared with those with a blood eosino-
phil count of 160 cells/uL (0.16 x 10°/L).

Impact of elevated eosinophils in the asthma
population

Several Nordic studies have also shown the detrimental
impact of elevated eosinophil counts in the asthma popula-
tion. Among patients with asthma from the ongoing, pro-
spective, Copenhagen General Population Study (CGPS),
the median blood eosinophil count was 220 cells/uL (0.22

x 10°/L) compared with a median count of 160 cells/pL
(0.16 x 10°/L) among individuals without asthma in the
CGPS, indicative of the increased bone marrow drive for
eosinophil generation in asthma([38]. Individuals with
blood eosinophil counts above 290 cells/uL (0.29 x 10°/L)
had an elevated risk of both moderate (incidence rate ratio
[IRR] 1.28 [95% CI 1.06, 1.55]) and severe asthma exacer-
bations (IRR 1.55 [1.20, 2.00]) compared with individuals
in the CGPS who had blood eosinophil counts <180 cells/
uL (0.18 x 10°/L)[38]. In the Swedish PAHCER study,
patients with asthma and frequent exacerbations had
higher blood eosinophil counts than those without exacer-
bations (460 vs 290 cells/uL)[62]. Moreover, in a Swedish
national survey study of children and young adults with
asthma, blood eosinophil levels were independently asso-
ciated with a higher risk of asthma exacerbations[142]. In
a Finnish retrospective registry study, high blood eosino-
phil counts (=300 cells/uL) were associated with more out-
patient visits and lower mortality rates than lower counts
(<300 cells/uL), although both groups had similar Charlson
Comorbidity Index scores[63].

The burden of severe asthma

A Swedish cohort study conducted in 2017 found that
societal costs due to severe asthma were substantial,
with mean annual asthma-related costs per patient
amounting to €6500, driven mainly by hospitalisations
and medications[143[. Notably, comorbid conditions
were common in this population, and contributed sub-
stantially to per-patient costs. Patients receiving regular
treatment with OCS had greater costs and poorer
HRQoL than those without regular OCS treatment.
The study therefore highlighted a need for improved
management and treatment regimens for patients with
severe asthma. In a 12-year, prospective, single-centre
study conducted in a hospital setting in Finland, 5.9%
of patients with adult-onset asthma fulfilled criteria for
severe asthma and 2% qualified for anti-IL-5 treatment
in that they were using daily medium-to-high dose ICS
and LABA, had >2 exacerbations in the previous year
and a blood eosinophil count of >300 cells/uL (0.3
x 10°/L) or fraction of exhaled nitric oxide >50 ppb
[144]. Anti-IL-5 eligibility was associated with frequent
healthcare visits, OCS use and work absence due to
sickness during the 12-year follow-up period, high-
lighting the burden of disease in these patients[144].

Future directions

While data from NORDSTAR are still awaited, the project
promises to provide a comprehensive picture of the asthma
trajectory for patients in Nordic countries that is generali-
sable to other western countries. It is thought that this will
include detailed data on severe eosinophilic asthma and the



impact of different biologic treatment approaches in these
difficult-to-treat patients. Lessons learned through
NORDSTAR and other large asthma registries may be
useful in setting up similar programmes in other eosino-
philic diseases, although it is noted that disease prevalence
for some is much lower.

Conclusion

Much progress has been made in recent years in terms of
our understanding of eosinophil biology and eosinophilic
diseases; however, knowledge gaps remain. Large-scale,
real-world registry data may provide important informa-
tion regarding the pathophysiology of eosinophilic diseases
and clinical characteristics or biomarkers that may allow
targeted treatment to ensure optimal outcomes for patients.
The structure of the Nordic asthma registry system is
unique in the uniformity of data capture across individual
registries and countries, providing an opportunity to gather
large-scale, patient-level, longitudinal data. This level of
clinical information will be helpful for determining how
best to target treatment among patients with severe eosi-
nophilic asthma. It is possible that adopting a similar reg-
istry structure for other eosinophilic airway diseases may
help to advance our understanding of their pathogenesis,
progression and effective treatment options in the future.
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