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Abstract: Asthma is a heterogeneous inflammatory disease of the airways, affecting many children, adolescents, and adults 
worldwide. Up to 10% of people with asthma have severe disease, associated with a higher risk of hospitalizations, greater 
healthcare costs, and poorer outcomes. Patients with severe asthma generally require high-dose inhaled corticosteroids and 
additional controller medications to achieve disease control; however, many patients remain uncontrolled despite this intensive 
treatment. The treatment of severe uncontrolled asthma has improved with greater understanding of asthma pathways and 
phenotypes as well as the advent of targeted biologic therapies. Tezepelumab, a monoclonal antibody, blocks thymic stromal 
lymphopoietin, an epithelial cytokine that has multifaceted effects on the initiation and persistence of asthma inflammation and 
pathophysiology. Unlike other biologic treatments, tezepelumab has demonstrated efficacy across severe asthma phenotypes, with 
the magnitude of effects varying by phenotype. Here we describe the anti-inflammatory effects and efficacy of tezepelumab 
across the most relevant phenotypes of severe asthma. Across clinical studies, tezepelumab reduced annualized asthma exacer-
bation rates versus placebo by 63–71% in eosinophilic severe asthma, by 58–68% in allergic severe asthma, by 67–71% in 
allergic and eosinophilic severe asthma, by 34–49% in type 2-low asthma, and by 31–41% in oral corticosteroid-dependent 
asthma. Furthermore, in all these asthma phenotypes, tezepelumab demonstrated higher efficacy in reducing exacerbations 
requiring hospitalizations or emergency department visits versus placebo. In patients with severe uncontrolled asthma, who 
commonly have multiple drivers of inflammation and disease, tezepelumab may modulate airway inflammation more extensively, 
as other available biologics block only specific downstream components of the inflammatory cascade. 

Plain Language Summary: Asthma is characterized by an immune response leading to airway inflammation. People with severe 
asthma may react to different triggers and develop different types of airway inflammation. In patients with asthma, a protein called 
thymic stromal lymphopoietin (TSLP) plays an important role in the immune response that leads to the signs and symptoms of asthma. 
TSLP is released by the airway lining in response to different asthma triggers, driving an immune chain reaction, leading to airway 
narrowing and tightening, increased airway inflammation, worsening asthma symptoms, and asthma attack. Tezepelumab is 
a monoclonal antibody (a type of protein) that prevents TSLP from attaching to its receptor, thereby blocking its activity, reducing 
airway inflammation and asthma symptoms. Tezepelumab is an add-on medicine for the treatment of people aged 12 years or older 
with severe asthma that is not controlled with their current medicines. 

In this article, we discuss how tezepelumab may work in different types of asthma, for example allergic asthma, eosinophilic 
asthma, and T2-low asthma. We also describe how effective tezepelumab is in these different asthma types, through the reduction of 
asthma attacks and improvement in lung function, symptom control, and quality of life, leading to fewer emergency department visits 
and hospitalizations for asthma. 
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Introduction
Asthma, a complex and heterogeneous inflammatory disease of the airways, affects approximately 262 million individuals 
worldwide, equating to around 3416 cases per 100,000 population.1–3 Between a third and a half of children, adolescents, 
and adults with asthma have symptoms that regularly interfere with everyday life.3 Up to 10% of patients have severe 
asthma requiring high-dose inhaled corticosteroids and additional controller medications to achieve disease control (per 
Global Initiative for Asthma 2019 guidelines).2,4,5 Despite standard-of-care treatment, 20–50% of patients in the United 
States (US) with severe asthma have disease that remains uncontrolled, which is associated with more frequent symptoms, 
a greater burden of disease, a higher risk of hospitalizations, greater healthcare costs, and poorer outcomes.2,6

Biologic treatments (ie, monoclonal antibodies) that block individual components of the asthma inflammatory cascade 
have been developed over the past 20 years. Each reduces the rate of exacerbations in specific populations of patients 
with severe uncontrolled asthma.7 Most biologics for severe asthma target downstream components of the inflammatory 
cascade, including interleukin (IL)-5 receptor α (benralizumab, leading to eosinophil depletion), IL-5 (mepolizumab, 
reslizumab), immunoglobulin (Ig) E (omalizumab), and IL-4 receptor α (dupilumab, leading to blockade of IL-4 and 
IL-13 activity).8–12 These biologics were approved for moderate-to-severe or severe cases of allergic asthma, eosinophilic 
asthma, and/or oral corticosteroid (OCS)-dependent asthma based on their mechanisms of action and efficacy in 
randomized, placebo-controlled trials.8–13

Largely as a result of these approvals, three central phenotypes have emerged with regard to treatment of severe 
uncontrolled asthma with targeted biologic therapies: eosinophilic asthma, allergic asthma, and type 2 (T2)-low asthma. 
Eosinophilic asthma is defined by elevated blood eosinophil count (BEC; ≥150 or ≥300 cells/µL); allergic asthma 
involves sensitivity to perennial aeroallergens (usually with a history of allergy-driven clinical symptoms); and T2-low 
asthma is characterized by the absence of prominent allergic and eosinophilic inflammation (Figure 1).1,14,15 However, 
considerable overlap between the allergic and eosinophilic phenotypes exists, and there are other inflammatory and 
pathophysiologic drivers of severe uncontrolled asthma beyond those strictly classified as allergic or eosinophilic.15 Any 
classification of individual patients into phenotypic categories represents a simplification of patients’ inflammatory states 
since each patient will have varying degrees of inflammation from the multiple pathways associated with asthma. 
Additionally, patients’ inflammatory characteristics may change over time, owing to changes in physiology as well as 
changes in medications, treatment adherence, exacerbations, and environmental exposure to allergens, viruses, irritants, 
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Figure 1 Epithelial cytokines and other inflammatory mediators and cell types involved in asthma pathogenesis.4,16–19 

Note: Adapted from Thymic stromal lymphopoietin: its role and potential as a therapeutic target in asthma, by Gail M. Gauvreau, Roma Sehmi, Christopher S. Ambrose & 
Janet M. Griffiths © 2020 The Author(s) taken from Expert Opinion on Therapeutic Targets © 2020, 24:8 © 2020 Taylor & Francis Ltd, adapted by permission of the publisher, 
Taylor & Francis Ltd http://www.tandfonline.com.4 

Abbreviations: Ig, immunoglobulin; IL, interleukin; ILC2, innate lymphoid cell type 2; T2, type 2; Th, T helper; TSLP, thymic stromal lymphopoietin.4
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and other airway insults.1,14,15 The heterogeneity of severe asthma challenges disease management, and many patients 
have an insufficient response to intensive treatments.2

Targeting Thymic Stromal Lymphopoietin in Asthma
Thymic stromal lymphopoietin (TSLP) is an epithelial cytokine that has broad and multifaceted effects on the initiation 
and persistence of asthma airway inflammation. While it is primarily expressed by epithelial cells, it is also expressed by 
mast cells, dendritic cells, monocytes/macrophages, airway smooth muscle cells, fibroblasts, and other cell types 
(Figures 1 and 2).2,16,20–22 Conversely, TSLP acts on a wide range of effector cells, including dendritic cells, T and 
B cells, natural killer and regulatory T cells, innate lymphoid cells (ILCs) type 2 (ILC2s), eosinophils, basophils, mast 
cells, monocytes, macrophages, airway smooth muscle cells, and fibroblasts.2,20 As a result, TSLP can drive numerous 
aspects of asthma pathophysiology, with effects across the eosinophilic, allergic, and T2-low phenotypes.2

Key Tezepelumab Clinical Studies
Tezepelumab is a first-in-class monoclonal antibody (IgG2λ) that blocks the activity of TSLP.23 Major primary clinical 
trials of tezepelumab in patients with asthma include PATHWAY (NCT02054130),24 NAVIGATOR (NCT03347279),25,26 

SOURCE (NCT03406078),27,28 UPSTREAM (NCT02698501),29 CASCADE (NCT03688074),30,31 and PATH-HOME 
(NCT03968978),32 which in total enrolled over 2000 patients. In addition, the DESTINATION extension study 
(NCT03706079) followed patients from NAVIGATOR and SOURCE for up to 104 weeks of treatment.33 An overview 
of these studies is provided in Supplementary Table 1.

Tezepelumab has been demonstrated to block TSLP and thus down-regulate multiple aspects of the asthma 
inflammatory cascade, including IL-4, IL-5, and IL-13 activity with respective declines in serum IgE levels, blood and 
airway eosinophil counts, and mucus production and fractional exhaled nitric oxide (FeNO) levels.24,26,29,30,34,35 In 
addition, tezepelumab consistently reduces airway hyperresponsiveness (AHR; to mannitol and methacholine) compared 
with placebo, presumably via mast cell and airway smooth muscle effects.29,30

Figure 2 Histopathological staining for TSLP (yellow) in asthmatic bronchiolar epithelial and stromal cells. 
Note: Image source: AstraZeneca, in-house data. 
Abbreviation: TSLP, thymic stromal lymphopoietin.
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Overall, in randomized, placebo-controlled studies, tezepelumab reduced asthma exacerbations by 56–71% compared 
with placebo in patients with severe, uncontrolled asthma across the spectrum of inflammatory phenotypes, and improved 
lung function, asthma control, and health-related quality of life (HRQoL).2,23,24,26 Tezepelumab was also well tolerated, 
with a similar overall frequency of adverse events (AEs) between tezepelumab and placebo.24 In a pooled analysis of 
PATHWAY and NAVIGATOR, AEs occurring at a slightly higher frequency with tezepelumab compared with placebo 
were pharyngitis, arthralgia, and back pain (each 4% with tezepelumab versus 3% with placebo).23 As a result of these 
data, tezepelumab was approved by the US Food and Drug Administration (FDA) in 2021 as the first and, at the time of 
writing, the only biologic for use in all types of severe asthma.23

Aim of the Review
The objective of this review is to summarize the anti-inflammatory effects and efficacy of tezepelumab across the 
phenotypes most relevant to the treatment of severe uncontrolled asthma: eosinophilic, allergic, allergic and eosinophilic, 
T2-low, and OCS-dependent.

Eosinophilic Severe Asthma
Eosinophilic asthma, particularly that not driven by allergy, usually develops in adulthood and is often severe. It can be 
associated with comorbid chronic rhinosinusitis and nasal polyps (NPs).17 For eosinophilic inflammation in the absence 
of a classical T2-mediated allergic response, ILC2s play a central role.17,36 In eosinophilic inflammation, TSLP can 
activate ILC2s, which in turn produce IL-5 and IL-13, leading to eosinophilia and mucus hypersecretion. TSLP may also 
have direct effects on eosinophils.4

Anti-Inflammatory Effects of Tezepelumab in Eosinophilic Severe Asthma
By blocking TSLP and reducing ILC2 activation, tezepelumab reduces inflammatory biomarkers such as serum IL-5 and 
IL-13 levels and blood and airway eosinophil levels (Figures 1 and 3).4,30,37 The Phase 2 PATHWAY and Phase 3 
NAVIGATOR studies reported substantial and persistent decreases in blood eosinophil levels with tezepelumab versus 
placebo in patients with severe, uncontrolled asthma, consistent with a regulation and potential normalization of 
inflammation.24,26 Post hoc analysis from NAVIGATOR (Figure 4A–C) revealed that reductions in BECs with tezepe-
lumab by Week 52 were greater in patients with higher baseline levels than those with lower baseline levels, with 
a 67.4% mean reduction in BECs in patients with baseline BEC ≥450 cells/µL versus a 40.4% mean reduction in patients 
with baseline BEC 150 to <300 cells/µL (Figure 4A).38 The same pattern was observed when analyzing levels of FeNO 
in patients treated with tezepelumab, with greater reductions from baseline in those with higher baseline levels than those 
with lower baseline levels (Figure 4B).38 FeNO is associated with allergic and/or eosinophilic inflammation and is 
a biomarker of IL-13 activity, as epithelial exposure to IL-13 induces nitric oxide synthase to increase production of nitric 
oxide.36,39 Post hoc exploratory analysis of the NAVIGATOR study also demonstrated reductions in patient-reported 
phlegm/mucus production and frequent productive cough with tezepelumab compared with placebo, overall and across 
subgroups based on baseline BEC and FeNO levels.34

In the mechanistic CASCADE study, tezepelumab treatment of patients with uncontrolled moderate-to-severe asthma 
resulted in an 89% reduction in airway submucosal eosinophils from baseline to the end of treatment versus a 25% 
reduction with placebo (p<0.001; Figure 5).30 Across patients, the effect was similar regardless of baseline eosinophil 
count.30 Similarly, in the UPSTREAM study, airway tissue eosinophils, sputum eosinophils, and bronchoalveolar lavage 
(BAL) eosinophils decreased by 74%, 69%, and 75% with tezepelumab, respectively, while among placebo recipients 
there was a 28% increase, 26% increase, and 7% decrease in airway tissue, sputum, and BAL eosinophils, respectively 
(all p≤0.01).29

Airway inflammation driven by IL-5 and IL-13 activity can also drive the formation of airway mucus plugs, via IL-13 
induction of goblet cell hyperplasia, mucus hypersecretion and IL-5-driven eosinophil recruitment and degranulation, 
resulting in cross-linked mucin and mucus plugs that can occlude the large and small airways. In the CASCADE study, 
TSLP inhibition by tezepelumab reduced occlusive mucus plugs versus placebo (change in mean [standard deviation] 
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mucus plug score was –1.7 [2.6] with tezepelumab versus 0.0 [1.4] with placebo). Reductions in mucus plug scores with 
tezepelumab were correlated with improvements in lung function and reductions in eosinophilic inflammation.40,41

Efficacy of Tezepelumab in Eosinophilic Severe Asthma
In PATHWAY, annualized asthma exacerbation rates (AAERs) were lower with tezepelumab 210 mg every 4 weeks 
(Q4W) versus placebo by 65% in patients with baseline BEC ≥250 cells/µL.24 In NAVIGATOR, AAERs were lower with 
tezepelumab versus placebo by 61% and 70% for baseline BECs ≥150 cells/µL and ≥300 cells/µL, respectively.26 Post 
hoc pooled analyses of PATHWAY and NAVIGATOR subgroups further demonstrated that tezepelumab can substantially 

Figure 3 Summary of mechanisms and efficacy of tezepelumab in severe asthma, by asthma subtype. 
Note: AAER reductions cited are based primarily on pooled PATHWAY/NAVIGATOR results but with inclusion of additional subgroup results, when relevant, from 
NAVIGATOR, as described in the text. 
Abbreviations: AAER, annualized asthma exacerbation rate; ASMC, airway smooth muscle cell; ED, emergency department; FeNO, fractional exhaled nitric oxide; IgE, 
immunoglobulin E; IL, interleukin; T2, type 2; TSLP, thymic stromal lymphopoietin.
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reduce asthma exacerbations versus placebo in patients with eosinophilic asthma, with 63% and 71% reductions in 
exacerbations with tezepelumab versus placebo in patients with BECs ≥150 and ≥300 cells/µL, respectively.42 

Tezepelumab reduced AAERs that required hospitalizations or emergency department (ED) visits over 52 weeks by 
86% and 90% versus placebo, in patients with BECs ≥150 and ≥300 cells/µL, respectively.43

Treatment with tezepelumab improved lung function, HRQoL, and asthma symptoms versus placebo in patients with 
baseline BECs 150 to <300, 300 to <450, and ≥450 cells/µL.43 Least squares (LS) mean differences (95% confidence 
interval [CI]) in prebronchodilator forced expiratory volume in one second (FEV1) with tezepelumab versus placebo was 
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Figure 4 Mean percentage changes from baseline to Week 52 in BEC (A), FeNO levels (B), and total serum IgE levels (C), in patients receiving tezepelumab 210 mg Q4W 
or placebo, grouped by baseline level of the respective biomarker. A post hoc analysis of the NAVIGATOR Phase 3 study. Adapted from Effect of tezepelumab on asthma 
inflammatory biomarker levels varies by baseline biomarker levels. J Corren J, J Spahn, C Ambrose, N Martin, G Colice, N Molfino, B Cook. Ann Allergy Asthma Immunol 129 
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Abbreviations: BEC, blood eosinophil count; CI, confidence interval; FeNO, fractional exhaled nitric oxide; IgE, immunoglobulin E; Q4W, every 4 weeks.
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0.10 (0.02–0.18), 0.21 (0.11–0.31), and 0.27 (0.18–0.36) for the three BEC subgroups, respectively. LS mean differences 
(95% CI) in the six-item Asthma Control Questionnaire (ACQ-6) score was –0.28 (−0.48 to −0.08), −0.56 (−0.82 to 
−0.29), and −0.46 (−0.69 to −0.23) for the three BEC subgroups, respectively. LS mean differences (95% CI) in Asthma 
Quality of Life Questionnaire for 12 Years and Older (AQLQ(S)+12) was 0.27 (0.05–0.49), 0.49 (0.20–0.78), and 0.49 
(0.23–0.74) for the three BEC subgroups, respectively.43 In an exploratory analysis of HRQoL changes in NAVIGATOR, 
tezepelumab treatment was associated with improvements in St George’s Respiratory Questionnaire (SGRQ) score versus 
placebo in patients with baseline BECs <300 and ≥300 cells/µL; LS mean differences (95% CI) with tezepelumab versus 
placebo were −3.80 (−7.25 to −0.34) and −8.91 (–13.08 to −4.75), respectively.44

Efficacy of tezepelumab in patients with eosinophilic asthma was further demonstrated in patients with high baseline 
BEC in the NAVIGATOR study, with a 74–77% reduction of exacerbations in patients with BECs of ≥500, ≥750, and 
≥1000 cells/µL.45 The LS mean (95% CI) improvements in prebronchodilator FEV1 compared with placebo were 0.26 
(0.15–0.37) L, 0.21 (0.02–0.40) L, and 0.41 (0.13–0.69) L in patients with baseline BECs of ≥500, ≥750, and ≥1000 
cells/μL, respectively.45 Tezepelumab also demonstrated high efficacy in patients with severe uncontrolled asthma and 
comorbid NPs, which is a phenotypic marker of eosinophilic disease.46–48 In NAVIGATOR, tezepelumab reduced 
exacerbations by 86% (95% CI: 70–93),46 and improved SNOT-22 scores with an LS mean change from baseline of 
−11.08 (−17.80 to −4.35) versus placebo in patients with severe uncontrolled asthma and a history of NPs, over 52 weeks 
of treatment.47

Allergic Severe Asthma
Allergic asthma frequently starts in childhood and is often associated with other atopic diseases such as atopic dermatitis. 
The pathophysiology of allergic severe asthma is driven by type 2 T helper (Th2) lymphocytes. Eosinophilia can be 
present, but, in patients with primary allergic disease, the eosinophilia is driven by the allergic response.17,36

TSLP acts as a key player in allergen-induced airway responses and persistent airway inflammation in patients with 
allergic asthma.49 In allergic inflammation, TSLP activates Th2 cells that can drive the production of IL-4, IL-5, and IL-13.4 

Together, IL-4 and IL-13 production leads to T cell proliferation, B cell differentiation to plasma cells, and antibody isotype 
switching to IgE. As noted above, IL-5 and IL-13 production evokes eosinophilic inflammation, mucus hypersecretion, and 
airway mucus plugs (Figures 1 and 3).4,40

Anti-Inflammatory Effects of Tezepelumab in Allergic Severe Asthma
In a Phase 1 proof-of-concept study in patients with mild allergic asthma (NCT01405963), tezepelumab attenuated the early 
and late asthmatic responses to allergen challenge and reduced biomarkers of inflammation compared with placebo, 
implicating TSLP in allergen-induced airway responses and persistent airway inflammation in patients with allergic 

89% reduction

Before tezepelumab After tezepelumab

Figure 5 Micrograph images of airway eosinophils (brown staining) from CASCADE, before and after treatment with tezepelumab. 
Note: Image source: AstraZeneca, in-house data.
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asthma.49 Compared with placebo, tezepelumab reduced sputum eosinophils over the course of the study and also inhibited the 
influx of eosinophils into the airway following the allergen challenge; similarly, tezepelumab reduced FeNO levels throughout 
the study and following allergen challenge.49 In these patients, tezepelumab treatment also significantly reduced AHR at end 
of treatment (Day 83 pre-allergen challenge; p<0.05), as measured by the response to inhaled methacholine.

The PATHWAY and NAVIGATOR studies reported progressive decreases in total serum IgE levels with tezepelumab 
versus placebo in patients with severe, uncontrolled asthma.24,26 As observed with blood eosinophil and FeNO reduc-
tions, post hoc analyses from NAVIGATOR revealed that reductions in total serum IgE levels with tezepelumab by Week 
52 were greater in patients with higher baseline levels than those with lower baseline levels: 15.4% mean reduction with 
baseline IgE <100 IU/mL, 39.1% and 40.9% mean reduction with baseline IgE 100 to <400 IU/mL and 400 to <700 IU/ 
mL, respectively, and 45.3% mean reduction with baseline IgE ≥700 IU/mL (Figure 4C).38 In the DESTINATION 
extension study (recruiting from NAVIGATOR and SOURCE), tezepelumab resulted in progressive reductions in serum 
IgE levels over a 2-year period, demonstrating long-term suppression of IgE production.33 Total serum IgE levels 
remained below baseline for 40 weeks after tezepelumab cessation, suggesting a potential post-treatment disease- 
modifying effect, although there was an upward trend in serum IgE levels at 28–40 weeks after tezepelumab cessation.50

A double-blind, parallel-design trial in patients with cat allergen-induced nasal allergy (CATNIP; NCT02237196) 
reported that inhibition of TSLP by tezepelumab augmented the efficacy of subcutaneous allergen immunotherapy 
(SCIT).51 Reduction in total nasal symptom scores (TNSS) following nasal cat allergen challenge during, and 1 year 
following, allergen immunotherapy suggested that tezepelumab may have promoted tolerance after a 1-year course of 
treatment.51 Patients receiving tezepelumab and SCIT combination therapy or SCIT monotherapy had comparable increases 
in serum cat-specific IgE at Week 12, followed by a decline at Week 26.51 This reduction then plateaued at Week 52 in the 
SCIT group, but the tezepelumab and SCIT group, and tezepelumab-monotherapy group experienced continued reductions 
in cat-specific IgE levels through Week 104 (1 year after stopping treatment).51 At Week 52, nasal allergen challenge 
(NAC)-induced TNSS were reduced in patients receiving tezepelumab and SCIT combination therapy versus SCIT alone. 
At Week 104, TNSS was not significantly different in patients receiving tezepelumab and SCIT versus SCIT alone, but peak 
TNSS was significantly lower in the tezepelumab and SCIT group.51 Transcriptomic analysis of nasal epithelial samples 
demonstrated that treatment with the combination of tezepelumab and SCIT persistently downregulated a gene network 
related to T2 inflammation that was associated with improvement in NAC responses.51 This included the gene coding for 
tryptase alpha beta 1, a well-established and important mast cell mediator of the immediate allergic response. Furthermore, 
levels of nasal fluid tryptase were found to correlate with the gene expression, with levels decreasing significantly by Week 
52 in the tezepelumab and SCIT group compared with the SCIT alone group.51

Eosinophilic inflammation and FeNO elevation are also potential features of allergic asthma due to IL-5 and IL-13 
production by Th2 cells. As noted above, tezepelumab inhibition of TSLP activity reduces eosinophilia and FeNO levels 
in patients with severe asthma, including those with confirmed allergic disease.24,26,30,52,53

Efficacy of Tezepelumab in Allergic Severe Asthma
Post hoc analysis of the PATHWAY study found that tezepelumab 210 mg Q4W reduced AAER versus placebo by 66–78% in 
patients with any perennial allergy.53 In NAVIGATOR, tezepelumab reduced AAER over 52 weeks versus placebo by 
58–68% in patients with severe allergic asthma, across the subgroups of those with perennial aeroallergen sensitivity, 
confirmed symptomatic allergy, and eligible for omalizumab.52 Furthermore, in a post hoc analysis of seasonal variations 
in asthma exacerbations, tezepelumab blunted seasonal variability in AAER across all seasons in patients with seasonal 
aeroallergen sensitization (51–63% reduction versus placebo), in those with baseline BEC <300 cells/µL (31–55% reduction 
versus placebo), and in those with baseline BEC ≥300 cells/µL (62–80% reduction versus placebo) (Figure 6).54,55

Pooled analysis of data from PATHWAY and NAVIGATOR similarly demonstrated that tezepelumab substantially 
reduced asthma exacerbations versus placebo in patients with seasonal or perennial allergic asthma. A 62% reduction in 
exacerbations with tezepelumab versus placebo was observed in patients with perennial aeroallergen sensitivity.43 

Tezepelumab treatment reduced the rate of exacerbations that were associated with hospitalizations or ED visits versus 
placebo by 80% in patients with perennial aeroallergen sensitivity.43 Tezepelumab also reduced AAER versus placebo in 
patients with evidence of severe allergic asthma52 during all seasons,56 and irrespective of omalizumab eligibility,52 
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number of aeroallergen sensitizations,57 serum aeroallergen-specific IgE level,58 or the presence or absence of allergic 
comorbidities.59 Treatment with tezepelumab was associated with improvements in lung function, HRQoL, and asthma 
symptoms versus placebo in patients with perennial allergy. The LS mean difference (95% CI) with tezepelumab versus 
placebo was 0.09 (0.03–0.14), −0.25 (–0.39 to −0.10), and 0.28 (0.12–0.44) for prebronchodilator FEV1, ACQ-6 score, 
and AQLQ(S)+12, respectively.43 In an exploratory analysis of HRQoL changes in NAVIGATOR, tezepelumab treatment 
was associated with improvements in SGRQ score versus placebo in patients with any perennial allergy; LS mean 
difference with tezepelumab versus placebo was –5.42 (95% CI: −8.71 to −2.12).44
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Figure 6 AAER during each season in patients with any seasonal aeroallergen sensitization/allergy overall (A), with baseline BEC <300 cells/μL (B), and with baseline BEC 
≥300 cells/μL (C), receiving tezepelumab 210 mg Q4W or placebo. A post hoc analysis of the NAVIGATOR Phase 3 study. 
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Abbreviations: AAER, annualized asthma exacerbation rate; BEC, blood eosinophil count; FEIA+, fluorescence enzyme immunoassay positive; Q4W, every 4 weeks.
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Patients with Both Allergic and Eosinophilic Severe Asthma
While allergic and eosinophilic asthma represent two distinct asthma phenotypes, many patients exhibit both.36,60 In an 
analysis of 935 adults with non-subtype-selected, uncontrolled, moderate-to-severe asthma, 587 (63%) had both allergic 
and eosinophilic (BEC ≥150 cells/µL) disease, highlighting the relevance of this population.61 In patients with allergic and 
eosinophilic inflammation, the primary TSLP-related mechanisms implicated are those outlined above. Allergen exposure 
evokes release of TSLP, which activates dendritic cells and Th2 cells and stimulates production of IL-4, IL-5, and IL-13, 
inducing T cell proliferation, B cell differentiation to plasma cells, and antibody isotype switching to IgE, as well as 
eosinophilic inflammation and increased mucus production.4 In addition, TSLP activation of ILC2 further drives airway 
eosinophilia and mucus production via IL-5 and IL-13 production (Figures 1 and 3).

Anti-Inflammatory Effects of Tezepelumab in Allergic and Eosinophilic Severe Asthma
Blockade of TSLP with tezepelumab can regulate inflammation mediated by IL-4, IL-5, and IL-13, reducing IgE, 
eosinophils, and mucus production and FeNO, respectively.4 Tezepelumab is unique among biologics in its ability to 
meaningfully reduce the activity of all three of these T2 cytokines, which can make it uniquely suited to patients with 
allergic and eosinophilic disease. In addition, tezepelumab’s ability to reduce AHR and mucus plugs is also highly 
relevant to patients with allergic and eosinophilic asthma.

As noted above, tezepelumab attenuated the early and late asthmatic responses to allergen challenge and reduced 
biomarkers of allergic and eosinophilic inflammation in an allergen challenge study. In the PATHWAY, NAVIGATOR, 
DESTINATION, and CATNIP studies, tezepelumab recipients demonstrated progressive decreases in serum IgE 
levels,24,26,33,50 which remained below baseline for 40 to 52 weeks after tezepelumab cessation.33,50 In the PATHWAY, 
NAVIGATOR, and DESTINATION studies, tezepelumab recipients demonstrated substantial and persistent decreases in 
blood eosinophil and FeNO levels, consistent with normalization of inflammation.24,26,33 In the CASCADE and 
UPSTREAM studies, tezepelumab treatment resulted in a 74–89% reduction in airway submucosal eosinophils 
(Figure 5), with similar effects regardless of baseline eosinophil count;29,30 CASCADE also demonstrated 
a meaningful reduction in airway mucus plugs compared with placebo.40,41

Efficacy of Tezepelumab in Allergic and Eosinophilic Severe Asthma
Post hoc analyses of pooled PATHWAY and NAVIGATOR subgroups demonstrated that tezepelumab can substantially 
reduce asthma exacerbations versus placebo in patients with both eosinophilic and allergic disease. In the pooled 
population, allergy to a perennial aeroallergen was confirmed in 629/1334 (47%) patients with baseline BEC ≥150 
cells/µL and 360/1334 (27%) patients with baseline BEC ≥300 cells/µL (Figure 7).43 Tezepelumab reduced AAER 
versus placebo by 67% in patients with baseline BEC ≥150 cells/µL and perennial aeroallergen sensitization, and by 71% 
in those with baseline BEC ≥300 cells/µL and perennial aeroallergen sensitization.42,43 Exacerbations associated with 
hospitalizations or ED visits were reduced by 87–90% with tezepelumab versus placebo (AstraZeneca in-house data). 
Tezepelumab improved prebronchodilator FEV1 at Week 52 versus placebo with an LS mean difference (95% CI)) of 
0.13 (0.06–0.19) in patients with baseline BEC ≥150 cells/µL and perennial aeroallergen sensitization, and 0.21 (0.12– 
0.29) in patients with baseline BEC ≥300 cells/µL and perennial aeroallergen sensitization.43 Furthermore, improvements 
in ACQ-6 score at Week 52 were observed with tezepelumab versus placebo in patients with baseline BEC ≥300 cells/µL 
and perennial aeroallergen sensitization: LS mean difference of −0.37 (95% CI: −0.58, −0.15). In an exploratory analysis 
of HRQoL changes in NAVIGATOR, tezepelumab treatment was associated with improvements in SGRQ score versus 
placebo in patients with baseline BEC ≥300 cells/µL and perennial aeroallergen sensitization; LS mean difference with 
tezepelumab versus placebo was −9.00 (95% CI: −13.98 to −4.02).44

T2-Low Severe Asthma
Whilst the mechanisms involved in T2-high asthma are well characterized, those implicated in T2-low asthma are less defined. 
T2-low asthma generally involves either neutrophilic or paucigranulocytic inflammation,62 and tends to be more resistant to 
inhaled corticosteroids. Commonly, it is associated with obesity, smoking, pollutants, viral or bacterial infections, and 
advanced age.60 T2-low populations are most frequently defined by low BEC and/or low FeNO levels.63,64 Importantly, 
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even T2-low inflammation manifests with some component of IL-5-, IL-13-, and IL-4-dependent inflammation.65 While 
specific inflammatory pathways can be described as non-T2, few, if any, patients are truly non-T2 as all should have some 
degree of T2 airway inflammation.66 This was well demonstrated by a bronchial biopsy study of patients with severe 
uncontrolled asthma, in which 82% of patients with low BECs had evidence of airway submucosal eosinophilia.66

Anti-Inflammatory Effects of Tezepelumab in T2-Low Severe Asthma
Although the mechanisms responsible for tezepelumab’s reduction of exacerbations in patients with T2-low severe 
asthma is not precisely known, reductions in AHR coupled with reductions in any low levels of T2 inflammation may 
contribute.64 TSLP can directly activate mast cells independently of IgE, inducing the release of pro-inflammatory 
cytokines and chemokines. TSLP can also mediate cross-talk between airway smooth muscle cells, mast cells, and other 
immune and structural cells.4,67,68 By blocking TSLP activity, tezepelumab may reduce airway smooth muscle and mast 
cell activation (Figures 1 and 3).4 Plausibly, tezepelumab may also intervene in the neutrophilic non-T2 inflammatory 
pathway via interaction with ILCs type 3 and IL-17, although clinical data to support these effects are limited.20

Multiple observations support the mechanisms proposed above. With regard to AHR, exploratory data from 
CASCADE revealed that the reduction in AHR to mannitol was significantly greater with tezepelumab versus placebo 
(nominal p=0.03).30 In addition, a numerically greater proportion of patients in the tezepelumab group had a negative 
mannitol test at the end of treatment versus placebo (43% versus 25%).30 This observation was independent of baseline 
BEC, suggesting that tezepelumab’s AHR reduction is a T2-independent effect;64 direct action on mast cell activation is 
believed to play a role since mannitol triggers mast cell-dependent bronchoconstriction. Similarly, in the UPSTREAM 
study, tezepelumab reduced the proportion of patients with AHR to mannitol versus placebo.29 In an early mechanistic 
study, tezepelumab also reduced AHR measured by challenge with methacholine, which acts directly on airway smooth 
muscle, consistent with TSLP’s ability to directly activate smooth muscle cells.49

In CASCADE, tezepelumab treatment of patients with uncontrolled moderate-to-severe asthma resulted in reduced 
airway submucosal eosinophils versus placebo even among patients with T2-low disease and BEC <150 cells/µL.30 Post 
hoc analysis of patients with baseline BEC <150 cells/µL in NAVIGATOR also revealed a net reduction in BEC with 
tezepelumab versus placebo by Week 52; there was a 53.3% mean increase in BEC in placebo recipients with baseline 
BEC <150 cells/µL compared with a 3.4% mean reduction in BEC among tezepelumab recipients.38

Efficacy of Tezepelumab in T2-Low Severe Asthma
In PATHWAY, tezepelumab 210 mg Q4W reduced AAER versus placebo by 79% in patients with baseline BEC <250 
cells/µL, by 64% in patients with FeNO <24 ppb, and by 84% in patients with a prespecified definition of low Th2 status 

n=186Allergic

BEC 150 cells/µL BEC 300 cells/µL

Not
allergic n=140

n=269

n=148

n=360

n=196

Figure 7 Proportional representation of patients by baseline BEC and allergy to perennial aeroallergens in the pooled PATHWAY and NAVIGATOR populations. 
Note: Excludes 35 patients with no allergy testing results. 
Abbreviation: BEC, blood eosinophil count.

Journal of Asthma and Allergy 2024:17                                                                                            https://doi.org/10.2147/JAA.S342391                                                                                                                                                                                                                       

DovePress                                                                                                                         
229

Dovepress                                                                                                                                                    Panettieri Jr et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(IgE ≤100 IU/mL or eosinophil count <140 cells/µL).24 In NAVIGATOR, tezepelumab reduced AAER over 52 weeks 
versus placebo by 39% in patients with BEC <150 cells/µL and by 32% in patients with FeNO levels <25 ppb.26 

Analyses of pooled PATHWAY and NAVIGATOR subgroups similarly demonstrated that tezepelumab can meaningfully 
reduce asthma exacerbations versus placebo in patients with severe, uncontrolled asthma with markers of T2-low 
disease.42 Tezepelumab reduced exacerbations versus placebo by 48% in those with baseline BEC <150 cells/µL and 
by 40% in patients with baseline FeNO <25 ppb.42 Tezepelumab was also effective in the double and triple T2-low 
subgroups, defined by low BEC, low FeNO levels, and the absence of perennial aeroallergen sensitization (reduction of 
34–49% versus placebo).42 Tezepelumab reduced exacerbations associated with hospitalizations or ED visits versus 
placebo by 60% and 65% in patients with BEC <150 cells/µL and FeNO <25 ppb, respectively.42

The pooled PATHWAY and NAVIGATOR studies generally demonstrated improvements with tezepelumab versus 
placebo for other secondary endpoints among patients with T2-low asthma, although at a lower magnitude than seen 
among patients with allergic or eosinophilic asthma.43 In patients with BEC <150 cells/µL, change from baseline to 
Week 52 (tezepelumab versus placebo) in prebronchodilator FEV1 was 0.07 for both, in ACQ-6 was −1.12 versus −1.01, 
and in AQLQ(S)+12 was 1.06 versus 0.94.43 In patients with FeNO <25 ppb, a change from baseline to Week 52 
(tezepelumab versus placebo) in prebronchodilator FEV1 was 0.13 versus 0.08, in ACQ-6 was −1.26 versus −1.14, and in 
AQLQ(S)+12 was 1.20 versus 1.11.43 In patients with T2-low asthma, tezepelumab’s meaningful reductions in asthma 
exacerbations but more limited improvements versus placebo in these secondary endpoints, point to differing pathophy-
siology underlying exacerbations, lung function, and patient-reported symptoms and quality of life. The greater precision 
inherent in measuring exacerbations compared with patient-reported outcomes may also contribute to the observed 
differences across endpoints.69

OCS-Dependent Severe Asthma
Some patients with severe asthma require long-term daily maintenance treatment with OCSs in order to control their 
asthma. However, long-term use of systemic corticosteroids can lead to multiple AEs and an increased risk of mortality.70 

In patients with severe OCS-dependent asthma, one of the aims of treatment is to enable tapering and discontinuation of 
daily OCSs.28 The prevalence of severe OCS-dependent asthma varies greatly, depending on the definition used and the 
patient population. In the CHRONICLE study of contemporary US specialist-treated severe asthma, 12% of patients 
enrolled were receiving maintenance systemic corticosteroid therapy.71

Anti-Inflammatory Effects of Tezepelumab in OCS-Dependent Severe Asthma
The SOURCE study evaluated the OCS-sparing effect of tezepelumab in patients with OCS-dependent severe asthma.28 

At Week 48, tezepelumab treatment led to reduced eosinophil counts, FeNO, and total serum IgE versus placebo. 
Reductions were similar to those observed in other severe asthma populations, with an LS mean difference (95% CI) of 
−117 (−164 to −70) cells/µL, −10.31 (−18.06 to −2.55) ppb, and −118.43 (−219.31 to −17.55) IU/mL for BECs, FeNO, 
and total serum IgE, respectively. As in other studies, reductions from baseline in BECs and FeNO with tezepelumab 
were observed as early as Week 4, while total serum IgE levels gradually decreased over 48 weeks.28

Efficacy of Tezepelumab in OCS-Dependent Severe Asthma
Tezepelumab has demonstrated efficacy in patients with OCS-dependent asthma enrolled in PATHWAY and 
NAVIGATOR and is approved for use in this population; however, it has not definitively demonstrated OCS sparing 
in this population given the results of the SOURCE study.28 SOURCE enrolled patients with asthma, who required daily 
OCSs and had been receiving medium-dose (250–500 µg daily) or high-dose (>500 µg daily) inhaled corticosteroids for 
≥12 months.28 The reduction in daily OCS dose from baseline was statistically similar in patients receiving tezepelumab 
or placebo at Week 48 (odds ratio [OR] 1.28 [95% CI: 0.69–2.35]; p=0.43) in the overall population.28 The lack of 
difference appeared to be related to the high response rate in both groups: 54% of the tezepelumab group and 46% of the 
placebo group reduced their daily OCS dose by 90–100%. Despite this high placebo response rate, an improvement was 
observed with tezepelumab versus placebo in daily OCS reduction in patients with baseline BEC ≥150 cells/µL (OR 2.58 
[95% CI: 1.16–5.75]). Tezepelumab reduced AAER by 31% versus placebo over 48 weeks,28 and the rate of 
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exacerbations associated with ED visits or hospitalizations was reduced by 41% with tezepelumab versus placebo.28 

Furthermore, early and sustained improvements in prebronchodilator FEV1 and ACQ-6 score were observed with 
tezepelumab. For FEV1, there was an LS mean change from baseline at Week 48 of 0.21 L in the tezepelumab group 
and −0.04 L in the placebo group (LS mean difference 0.26 L [95% CI: 0.13–0.39]).28 For ACQ-6, the LS mean change 
from baseline at Week 48 of −0.87 in the tezepelumab group and −0.51 in the placebo group (LS mean difference −0.37 
[95% CI: −0.71 to −0.02]).28

A pooled analysis of the NAVIGATOR and PATHWAY studies also examined patients with severe uncontrolled 
asthma receiving daily, maintenance OCS treatment. In this subgroup, treatment with tezepelumab versus placebo 
resulted in a non-significant 41% reduction in the rate of exacerbations and a 79% reduction in exacerbations requiring 
hospitalizations or ED visits.42 Treatment with tezepelumab was associated with improvements in lung function, HRQoL, 
and asthma symptoms versus placebo in those with maintenance OCS use.43 LS mean difference (95% CI) with 
tezepelumab versus placebo was 0.21 (0.06–0.37), −0.66 (−1.05 to −0.26), and 0.50 (0.06–0.94) for prebronchodilator 
FEV1, ACQ-6 score, and AQLQ(S)+12, respectively.43 Similarly, in the DESTINATION extension study, tezepelumab 
induced a non-significant 39% reduction in AAER over 104 weeks versus placebo in patients receiving maintenance 
OCS.33 In DESTINATION, reductions of background medications, including daily OCSs, were allowed at the discretion 
of investigators as per usual clinical practice.33 Among patients from NAVIGATOR, a numerically higher proportion in 
the tezepelumab group than in the placebo group discontinued OCSs by Week 104 (37.9% versus 7.7%).72 Among 
patients from SOURCE, a numerically higher proportion in the tezepelumab group than in the placebo group discon-
tinued OCSs by Week 104 (66.7% versus 46.9%).72

Safety of Tezepelumab in Severe Asthma
Aggregated safety data on tezepelumab use in patients with severe asthma are available from the pooled analysis of 
NAVIGATOR and PATHWAY,43 as well as the long-term extension study DESTINATION.33 In the pooled analysis of 
NAVIGATOR and PATHWAY, the safety of tezepelumab was consistent with that in the individual studies, with no 
clinically meaningful differences in the frequency of AEs with tezepelumab versus placebo (75% versus 77%).43 The 
most common AEs (incidence ≥3%) with a higher frequency among tezepelumab recipients are pharyngitis, arthralgia, 
and back pain.23 Among patients with arthralgia AEs, severity/intensity was mild or moderate in all cases and study drug 
was discontinued in only one tezepelumab recipient due to arthralgia. The slightly higher incidence with tezepelumab 
may have been associated with OCS use, as daily OCS use at baseline was reported in 24% of tezepelumab recipients 
compared with 0% of placebo recipients.43 Asthma, upper respiratory tract infection, and sinusitis were reported less 
frequently with tezepelumab compared with placebo. The overall number of patients experiencing any on-treatment 
serious AEs (SAEs) was low (9% and 13% with tezepelumab and placebo, respectively), with 0.8% versus 0.3% 
reporting cardiac SAEs, respectively.43 Injection site reactions were reported in 4% and 3% of patients in the tezepe-
lumab and placebo groups, respectively.43 No tezepelumab-related anaphylactic reactions were reported.43 Overall, 
treatment discontinuation due to an AE was reported in 2% and 3% of patients in the tezepelumab and placebo groups, 
respectively (1% and 2%, respectively due to SAEs); no on-treatment deaths were reported.43

Tezepelumab’s long-term safety was confirmed over 104 weeks of treatment in the DESTINATION extension study 
(NAVIGATOR and SOURCE) and was consistent with previously reported data.33 The most common AEs reported in 
≥10% of patients were nasopharyngitis, upper respiratory tract infection and headache.33 The on-study pooled incidence 
of deaths was 0.80 and 0.58 per 100 patient-years in the tezepelumab and placebo groups, respectively (difference 0.22 
[95% CI: −0.61 to 0.94]).33 No patterns were identified in the causes of the deaths, and no deaths were considered 
causally related to tezepelumab by a masked independent adjudication committee.33 The exposure-adjusted incidence of 
any AEs and SAEs was lower with tezepelumab than with placebo. The incidence of respiratory, thoracic, and 
mediastinal SAEs was lower in tezepelumab recipients than in placebo recipients, while the incidence of cardiac SAEs 
was higher in tezepelumab recipients than in placebo recipients.33 No pattern was identified in either the cause or timing 
of cardiac SAEs in relation to study drug administration.33 Neither investigators nor a masked independent adjudication 
committee attributed causality to tezepelumab for any cardiac SAE.33 The incidence of cardiac disorder system organ 
class AEs, independently adjudicated major adverse cardiovascular events, and cardiovascular deaths was in each case 
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similar in tezepelumab and placebo recipients. The incidence of SAEs in the infections and infestations system organ 
class was also similar with tezepelumab and placebo.33

Role of Tezepelumab in Severe Asthma Relative to Other Biologics
Tezepelumab was approved by the FDA in 2021 as an add-on maintenance treatment for adult and pediatric patients aged ≥12 
years with severe asthma regardless of phenotype.23 Tezepelumab is the most recently approved biologic for severe asthma, and 
a common question relates to its role relative to other biologics in the treatment of severe asthma. The anti-inflammatory effects of 
tezepelumab encompass the mechanisms of all other biologics, in that blocking TSLP leads to reductions in IgE, IL-5, blood and 
airway eosinophils, and the IL-4 and IL-13 pathways. It is the only biologic to meaningfully reduce the inflammatory pathways 
associated with IL-4, IL-13, and IL-5, which are central to allergic and eosinophilic inflammation.4 Thus, tezepelumab has the 
most extensive anti-inflammatory effects of any biologic in severe asthma.4

Within the T2 inflammatory pathways, TSLP inhibition results in the regulation and potential normalization of 
inflammation rather than complete blockade of individual downstream inflammatory pathways. In addition, tezepelumab 
is the only biologic to consistently demonstrate an improvement in AHR in randomized, placebo-controlled trials, which 
may explain, at least in part, its unique efficacy in patients with T2-low asthma.4,29,30 As noted above, tezepelumab’s 
multi-faceted anti-inflammatory effects could have significant benefits in patients with multiple upregulated inflammatory 
pathways, specifically those with eosinophilic and allergic inflammation as well as those with upregulation of IL-5 and 
IL-13 activity, as evidenced by elevated blood eosinophils and elevated FeNO.24,26,30

Based on the PATHWAY and NAVIGATOR trials, the efficacy of tezepelumab across the spectrum of severe asthma 
is comparable to, or greater than, that of other biologics with regard to exacerbation reduction and improvement in lung 
function, asthma symptoms, and asthma-related quality of life.43 Although head-to-head trials are lacking, independent 
network meta-analysis comparisons have confirmed this observation in patients with eosinophilic severe asthma or those 
with elevated T2 biomarkers.73,74 Among patients with allergic severe asthma, tezepelumab reduced the AAER versus 
placebo by 60–68% in participants with severe allergic asthma who met US or European Union eligibility criteria for 
omalizumab treatment,52 which compares favorably to the 25% reduction observed with omalizumab in patients with 
severe asthma in the EXTRA study.75 In patients with T2-low disease, specifically baseline BEC <150 cells/µL or FeNO 
<25 ppb, only tezepelumab has demonstrated a statistically significant and clinically meaningful reduction in asthma 
exacerbations.43 Additionally, tezepelumab has demonstrated high efficacy in reducing exacerbations associated with ED 
visits or hospitalizations, to a greater degree than that observed with other biologics, in a systematic review.76 The 
primary shortcoming of the current evidence with tezepelumab in severe asthma is that an OCS-sparing benefit among 
patients with OCS-dependent disease has not been definitively demonstrated with tezepelumab in a placebo-controlled, 
randomized trial.28 However, exploratory analyses from SOURCE and DESTINATION are suggestive of an OCS- 
sparing effect and additional studies are underway to further examine OCS-sparing efficacy with tezepelumab in OCS- 
dependent patients (WAYFINDER [NCT05274815] and SUNRISE [NCT05398263]).

Conclusion
In summary, tezepelumab treatment has demonstrated efficacy across the most relevant phenotypes of severe asthma, 
including eosinophilic, allergic, allergic and eosinophilic, T2 low, and OCS-dependent. With unique multi-faceted anti- 
inflammatory effects, tezepelumab is a therapeutic agent that can regulate airway inflammation across multiple inflam-
matory pathways, more extensively than other available biologics for severe asthma.
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