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Unmet need in severe, uncontrolled
asthma: can anti-TSLP therapy with
tezepelumab provide a valuable new
treatment option?
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Abstract

Despite treatment with standard-of-care medications, including currently available biologic therapies, many patients
with severe asthma have uncontrolled disease, which is associated with a high risk of hospitalization and high
healthcare costs. Biologic therapies approved for severe asthma have indications limited to patients with either
eosinophilic or allergic phenotypes; there are currently no approved biologics for patients with eosinophil-low
asthma. Furthermore, existing biologic treatments decrease exacerbation rates by approximately 50% only, which
may be because they target individual, downstream elements of the asthma inflammatory response, leaving other
components untreated. Targeting an upstream mediator of the inflammatory response may have a broader effect
on airway inflammation and provide more effective asthma control. One such potential target is thymic stromal
lymphopoietin (TSLP), an epithelial-derived cytokine released in response to multiple triggers associated with
asthma exacerbations, such as viruses, allergens, pollutants and other airborne irritants. Mechanistic studies indicate
that TSLP drives eosinophilic (including allergic) inflammation, neutrophilic inflammation and structural changes to
the airway in asthma through actions on a wide variety of adaptive and innate immune cells and structural cells.
Tezepelumab is a first-in-class human monoclonal antibody that blocks the activity of TSLP. In the phase 2b
PATHWAY study (NCT02054130), tezepelumab reduced asthma exacerbations by up to 71% compared with placebo
in patients with severe, uncontrolled asthma across the spectrum of inflammatory phenotypes, and improved lung
function and asthma control. Phase 3 trials of tezepelumab are underway. NAVIGATOR (NCT03347279), a pivotal
exacerbation study, aims to assess the potential efficacy of tezepelumab further in patients with a broad range of
severe asthma phenotypes, including those with low blood eosinophil counts. SOURCE (NCT03406078) aims to
evaluate the oral corticosteroid-sparing potential of tezepelumab. DESTINATION (NCT03706079) is a long-term
extension study. In addition, an ongoing phase 2 bronchoscopy study, CASCADE (NCT03688074), aims to evaluate
the effect of tezepelumab on airway inflammation and airway remodelling in patients across the spectrum of type
2 airway inflammation. Here, we summarize the unmet therapeutic need in severe asthma and the current
treatment landscape, discuss the rationale for targeting TSLP in severe asthma therapy and describe the current
development status of tezepelumab.
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Background
Asthma is a highly prevalent inflammatory disease of the
airways, with current estimates putting the number of in-
dividuals with the condition at 339 million worldwide [1].
While the majority of these individuals have mild disease,
approximately 5–10% have severe asthma [2, 3]. Many pa-
tients with severe asthma have disease that remains un-
controlled despite standard-of-care therapy [2, 4], which
severely impacts their health-related quality of life
(HRQoL) owing to persistent symptoms and frequent and
life-threatening exacerbations [5, 6]. Patients with severe
asthma have a high rate of healthcare resource use, ac-
counting for twice as many asthma-related hospitaliza-
tions as those with non-severe disease [7], and incur
approximately two-threefold higher asthma-related
healthcare and medication costs [7, 8]. Comorbidities of
severe asthma are common and include chronic rhinosi-
nusitis, nasal polyposis, allergic rhinitis and gastroesopha-
geal reflux disease [9]. Furthermore, 20–60% of patients
with severe or uncontrolled asthma may receive long-term
oral corticosteroid (OCS) therapy [10], which is associated
with a range of side effects including infections and car-
diovascular, metabolic, psychiatric, ocular, gastrointestinal
and bone-related complications [11].
The inflammation associated with asthma is heteroge-

neous, with considerable variation in the profiles of up-
regulated immune cells and biomarkers. From these
profiles, several inflammatory phenotypes of asthma can
be designated. The most common phenotypes involve
eosinophilic (including allergic) type 2 (T2) inflamma-
tion. Eosinophilic phenotypes are characterized by ele-
vated blood eosinophil counts, typically defined as at
least 150 or 300 cells/µL, and/or elevated sputum
eosinophil levels of at least 2–3% [12]. In the case of al-
lergic asthma, patients also exhibit a serum immuno-
globulin (Ig) E level of at least 30 IU/mL, in addition to
sensitivity to a perennial aeroallergen and symptoms that
are allergy-driven [13]. Fractional exhaled nitric oxide
(FeNO) levels may also be elevated in patients with eo-
sinophilic or allergic phenotypes, although there is not
yet a consensus on the threshold that constitutes ele-
vated FeNO. Other phenotypes are characterized by pre-
dominantly neutrophilic inflammation with normal
eosinophil counts, elevated counts of eosinophils and
neutrophils (mixed granulocytic inflammation), or by
normal or low counts of neutrophils and eosinophils
(paucigranulocytic inflammation) [12, 14, 15]. In relation
to these phenotypes, it should be noted that corticosteroid
therapy reduces eosinophil counts and may also increase
neutrophil counts [16]; thus a patient’s apparent phenotype
may be a product of treatment choices rather than a true re-
flection of the underlying disease mechanisms. In addition to
the heterogeneity of immune cells and biomarkers, there is
variability among patients in other pathophysiological

features of asthma, such as airway hyperresponsiveness and
remodelling, which may be related to or separate from in-
flammatory events in the airways [17].

Current treatment options for severe asthma
The heterogeneity of severe asthma makes management
of the disease highly challenging, and intensive treatment
regimens involving multiple medications are required.
Global Initiative for Asthma (GINA) guidelines (treatment
steps 4 and 5) recommend a combination medium-to-
high-dose inhaled corticosteroid (ICS) and long-acting β2
agonist (LABA) as maintenance therapy to prevent exacer-
bations and to control symptoms in these patients, with
additional relief from a short-acting β2 agonist as needed
(or an ICS/LABA combination as both maintenance and
reliever therapy, in the case of formoterol-containing com-
binations) [18]. Other controller medications recom-
mended by GINA and European Respiratory Society/
American Thoracic Society guidelines for use as potential
add-on therapies are inhaled tiotropium (a long-acting
muscarinic antagonist; at GINA steps 4 or 5), leukotriene
receptor antagonists (at step 4) and macrolides (at step 5)
[18, 19]. However, many patients have an insufficient re-
sponse to these treatments and so are prescribed frequent
bursts of OCS [10], although the side effect profile of OCS
limits the dose and makes chronic administration non-
ideal. Furthermore, some patients have steroid-refractory
disease. At GINA step 5, it is recommended that patients
are assessed for eligibility for biologic therapies, which are
indicated as additional controllers for specific phenotypes
of severe asthma [18, 19]. Eligibility for these therapies is
partly determined by meeting specific inflammatory bio-
marker thresholds (and, by extension, phenotypes) for
which efficacy of the particular biologic treatment was
demonstrated in clinical trials.
Currently available biologics for severe asthma comprise

anti-IgE (omalizumab), anti-IL-5 (mepolizumab, reslizu-
mab), anti-IL-5 receptor α (benralizumab) and anti-IL-4 re-
ceptor α (dupilumab, which blocks the IL-4 and IL-13
pathways) monoclonal antibodies. These therapies are gen-
erally indicated for patients with eosinophilic or allergic
asthma phenotypes; to date, there are no approved biologic
treatments for patients with confirmed eosinophil-low
asthma (in the absence of eosinophil-lowering systemic cor-
ticosteroid therapy). In the pivotal studies of the currently
approved biologics, exacerbation rates were reduced by 48–
59% with the most efficacious dose regimen versus placebo
[20–24]. Improvements in lung function and symptom
scores were inconsistent, with only some individuals experi-
encing clinically significant improvements [25–28]. A pos-
sible explanation for this lack of complete efficacy may be
that these biologics target individual, downstream elements
of the asthma inflammatory response, leaving other compo-
nents untreated. Targeting an upstream initiator and
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mediator of the inflammatory response may, therefore, have
a broader effect on airway inflammation and provide more
effective asthma control, including in patients with
eosinophil-low phenotypes. One such potential target is
thymic stromal lymphopoietin (TSLP).

Thymic stromal lymphopoietin
TSLP is a member of the class of cytokines known as the
alarmins, which also includes IL-25 and IL-33. It is pri-
marily expressed by the airway epithelium and released in
response to environmental insults such as allergens, vi-
ruses, bacteria, pollutants and physical injury, instigating a
range of downstream inflammatory processes [29, 30].
There is strong evidence that TSLP dysregulation plays an
important role in the pathophysiology of asthma.
TSLP expression is increased in the airways of patients

with asthma compared with healthy individuals [31–34],
correlating with disease severity and impairment of lung
function [31, 33, 35, 36]. Furthermore, genome-wide as-
sociation studies have identified associations between
asthma risk and single-nucleotide polymorphisms in the
TSLP gene [37–40].
Following its release from the epithelium, TSLP drives

allergic and non-allergic eosinophilic inflammation, lead-
ing to various features of asthma pathophysiology [41].
TSLP activates dendritic cells in response to allergen ex-
posure, inducing differentiation of naïve T cells to Th2
cells, which produce IL-4, IL-5 and IL-13. This leads to
IgE switching in B cells, degranulation of mast cells, air-
way eosinophilia, mucus hypersecretion from goblet cells
and smooth muscle contraction resulting in airway hyper-
responsiveness [42, 43]. Following exposure to viruses,
bacteria, pollutants and other insults, TSLP (as well as IL-
33 and IL-25) activates group 2 innate lymphoid cells
(ILC2s), which produce IL-5 and IL-13 [44]. In addition to
its T2-related effects, there is growing evidence that TSLP
plays a role in non-T2 processes involving both immune
and structural cells. TSLP is thought to play a role in neu-
trophilic airway inflammation by activating dendritic cells
to induce polarization of naïve T cells towards a Th17
phenotype, which subsequently release IL-17 [45, 46].
TSLP also promotes airway remodelling by stimulating
airway smooth muscle cell migration [47], facilitating
cross-talk between mast cells and airway smooth muscle
cells [48] and stimulating fibroblast cells to produce colla-
gen [49, 50]. The myriad effects of TSLP in asthma there-
fore make it an attractive therapeutic target.

Tezepelumab
Tezepelumab is a human monoclonal antibody (IgG2λ)
that selectively blocks TSLP from interacting with its het-
erodimeric receptor (Fig. 1) [51–53]. In a phase 1b, proof-
of-concept study in patients with mild allergic asthma
(ClinicalTrials.gov identifier NCT01405963), tezepelumab

attenuated asthmatic responses to allergen challenge and
reduced biomarkers of inflammation compared with pla-
cebo [51]. In the tezepelumab group, blood eosinophil
counts began to decline at 2 weeks post-dosing and
reached normal levels by 4 weeks, while sputum eosino-
phils reached normal levels by 6 weeks (the first time
point measured). FeNO levels improved significantly
1 week after the first dose. The phase 2b PATHWAY
study, a multicentre, randomized, double-blind, placebo-
controlled trial (NCT02054130) evaluated the efficacy and
safety of tezepelumab as an add-on therapy for patients
with severe, uncontrolled asthma, who were receiving
medium-to-high-dose ICS and a LABA with or without
OCS and additional asthma controllers [52]. Tezepelumab
treatment was associated with significant reductions in an-
nualized exacerbation rates of up to 71% versus placebo.
Subgroup analyses showed that these reductions were sig-
nificant irrespective of patient phenotype, as measured by
baseline blood eosinophil counts (< 150 cells/µL, ≥ 150
cells/µL, < 300 cells/µL or ≥ 300 cells/µL), as well as by
FeNO and IgE levels, suggesting that tezepelumab pro-
vided similar efficacy in patients across the spectrum of
inflammatory phenotypes [54]. Compared with placebo,
tezepelumab also reduced asthma-exacerbation-related
hospitalizations and improved lung function, asthma con-
trol and patient HRQoL [52]. Further analyses of the
PATHWAY data showed that tezepelumab reduced blood
eosinophil counts, FeNO levels, serum IgE and cytokines
including IL-5 and IL-13 [52, 55]. Of the currently ap-
proved biologics, only anti-IgE has been shown to reduce
FeNO levels, serum free IgE and blood or sputum eosino-
phil counts, although not to the same extent as anti-TSLP
therapy [56]. The safety profile of tezepelumab in
PATHWAY was acceptable, with a similar overall fre-
quency of adverse events (including serious adverse
events) in patients receiving tezepelumab and those re-
ceiving placebo; the most common adverse events were
consistent with those expected in a patient population
with severe asthma [52]. A low incidence of anti-drug
antibodies was observed in patients treated with tezepelu-
mab, without any apparent clinical impact. The observed
efficacy of tezepelumab in a broad range of patients
with severe asthma in PATHWAY led to it being des-
ignated a ‘breakthrough therapy’ by the US Food and
Drug Administration in 2019 for patients with severe
asthma without an eosinophilic phenotype, who are
receiving ICS/LABA and additional asthma controllers
with or without OCS [57].
Further trials of tezepelumab in patients with asthma

are underway (Table 1). NAVIGATOR (NCT03347279)
[58] is a pivotal phase 3 study assessing the potential effi-
cacy of tezepelumab in adults and adolescents with severe,
uncontrolled asthma spanning a broad range of pheno-
types, aiming to build on the findings of PATHWAY. The
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recruited participants comprise roughly equal proportions
of patients with baseline blood eosinophil counts of less
than 300 cells/µL and at least 300 cells/µL; approximately
25% of patients have an eosinophil count of less than
150 cells/µL or of greater than 450 cells/µL. The primary
efficacy endpoint is the annualized asthma exacerbation

rate during the 52-week treatment period in the overall
patient population, and this will also be assessed separately
in patients with baseline blood eosinophil counts below
300 cells/µL. Key secondary endpoints of NAVIGATOR
assess lung function, asthma control and HRQoL.
SOURCE (NCT03406078) [59] is a phase 3 study that

Fig. 1 Mechanism of action by which tezepelumab improves clinical outcomes in patients with severe asthma. TSLP is released from the airway
epithelium in response to insults such as viruses, allergens and pollutants, triggering an inflammatory cascade. Overexpression of TSLP can result
in pathologic inflammation that can lead to asthma exacerbations, symptoms, and physiological effects such as bronchoconstriction and airway
hyperresponsiveness and remodelling. Tezepelumab specifically blocks TSLP from binding to its heterodimeric receptor, thereby inhibiting the
production of various inflammatory cytokines and cell types. Treatment with tezepelumab has thus far been shown to reduce eosinophils, IgE, IL-
5, IL-13 and FeNO. FeNO, fractional exhaled nitric oxide; IgE, immunoglobulin E; IL, interleukin; ILC2, type 2 innate lymphoid cell; Th, T-helper; TSLP,
thymic stromal lymphopoietin
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aims to evaluate the OCS-sparing potential of tezepelu-
mab in adults with OCS-dependent asthma. Following
OCS dose optimization, the 48-week treatment period
comprises: a 4-week induction phase during which tezepe-
lumab is introduced; a 36-week OCS reduction phase dur-
ing which the OCS dose is tapered (dependent on the
patient continuing to meet asthma control criteria); and
an 8-week maintenance phase in which patients continue
on their final OCS dose. The primary endpoint is the per-
centage reduction from baseline to week 48 in the pre-
scribed daily OCS maintenance dose while not losing
asthma control. DESTINATION (NCT03706079) [60] is a
long-term extension of NAVIGATOR and SOURCE that
addresses the safety and tolerability of tezepelumab for up
to 2 years’ treatment. In addition to these phase 3 studies,
the phase 2 mechanistic study CASCADE
(NCT03688074) [61] aims to evaluate the effect of tezepe-
lumab on airway inflammation and airway remodelling in
patients spanning the spectrum of T2 airway inflamma-
tion, as determined by epithelial molecular phenotyping.
The primary endpoint is the change from baseline to week
28 in airway submucosal inflammatory cells (eosinophils,
neutrophils, T cells and mast cells) from bronchoscopic
biopsies. Secondary endpoints include assessments of re-
ticular basement membrane thickening and airway epithe-
lial integrity.

Conclusions
The disease burden of patients with severe asthma is con-
siderable and has yet to be fully addressed with available
treatment options, including biologic therapies. In particu-
lar, there are currently no approved therapies for patients
with eosinophil-low asthma. Blocking the activity of TSLP
has the potential to enact broader effects on airway inflam-
mation than are achieved with current biologic therapies
owing to its position at the top of the inflammatory cas-
cade, from which it mediates a wide range of downstream
processes that drive eosinophilic and neutrophilic inflam-
mation, as well as structural changes to the airway. Clinical
trials of TSLP blockade with tezepelumab completed to
date have yielded promising results in patients with a var-
iety of asthma phenotypes, who experienced significant re-
ductions in exacerbation rates and improvements in lung
function, symptom control and HRQoL. Studies in progress
will provide further evidence of whether tezepelumab can
be an effective treatment for a broad population of patients
with severe asthma.

Abbreviations
FeNO: Fractional exhaled nitric oxide; GINA: Global Initiative for Asthma;
HRQoL: Health-related quality of life; ICS: Inhaled corticosteroids;
Ig: Immunoglobulin; IL: Interleukin; ILC2: Group 2 innate lymphoid cell;
LABA: Long-acting β2 agonist; OCS: Oral corticosteroids; SABA: Short-acting
β2 agonist; T2: Type 2; TSLP: Thymic stromal lymphopoietin

Table 1 Ongoing studies of tezepelumab in patients with asthma and healthy volunteers

ClinicalTrials.gov
identifier

Estimated start and
completion dates

Patient population Phase Primary outcome

NCT02698501
(UPSTREAM)

2016–2019 40 adults with asthma requiring ICS (± LABA) 2 Mannitol PD15

NCT03989544
(PATH-BRIDGE)

2019–2019 315 healthy adults 1 Pharmacokinetics of SC administration via
accessorized pre-filled syringe or autoinjec
tor compared with vial and syringe

NCT03968978
(PATH-HOME)

2019–2020 216 adults and adolescents with severe
asthma

3 Successful SC administration via
accessorized pre-filled syringe or autoinjec
tor at home versus in the clinic

NCT03347279
(NAVIGATOR)

2019–2020 1038 adults and adolescents with severe,
uncontrolled asthma, taking medium- to
high-dose ICS and at least one additional
asthma controller with or without OCS

3 Annualized asthma exacerbation rate

NCT03406078
(SOURCE)

2018–2020 150 adults with oral corticosteroid-dependent
asthma (Americas, Europe)

3 Reduction in daily OCS dose

NCT03688074
(CASCADE)

2018–2020 116 adults with inadequately controlled
moderate-to-severe asthma, taking ICS and at
least one additional asthma controller

2 Number of airway submucosal
inflammatory cells/mm2 of
bronchoscopic biopsies

NCT03706079
(DESTINATION)

2019–2022 966 adults and adolescents with severe,
uncontrolled asthma

3 Exposure-adjusted incidence of adverse
events and serious adverse events

NCT04048343
(NOZOMI)

2019–2021 66 Japanese adults and adolescents with
inadequately controlled severe asthma

3 Rate of adverse events

NCT03927157
(DIRECTION)

2019–2023 396 Chinese adults with severe, uncontrolled
asthma taking medium- to high-dose ICS and
at least one additional asthma controller with
or without OCS

3 Annualized asthma exacerbation rate

ICS Inhaled corticosteroids, LABA Long-acting β2 agonist, OCS Oral corticosteroids, PD15 Provoking dose to induce a 15% fall in forced expiratory volume in 1 s,
SC Subcutaneous
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