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Clinical Question Box

What clinical characteristics and biomarkers predict tezepelumab effectiveness in severe type 2
bronchial asthma after insufficient response to other biologics?

Some patients with severe type 2 bronchial asthma who develop secondary eosinophilia and
experience asthma exacerbations following dupilumab treatment may be able to respond to
tezepelumab. These patients may also fall into the category of multimorbid allergic disease, which
has been recently proposed. In such cases, especially in patients receiving systemic corticosteroids,
the serum thymus and activation-regulated chemokine levels could serve as valuable biomarkers
for predicting tezepelumab efficacy.

Abstract

Background: Treatment for severe type 2 bronchial asthma (BA) has advanced rapidly with the devel-
opment of biologics. However, research on the responders and biomarkers for each biologic remains
limited. Case Presentation: A 64-year-old female non-smoker with eosinophilic chronic rhinosinusitis
and severe type 2 BA was administered dupilumab due to worsening nasal obstruction and olfactory
impairment. Following this, the patient experienced secondary eosinophilia and worsening asthma
control, necessitating frequent administration of systemic corticosteroids. Additionally, widespread
maculopapular exanthema developed. Consequently, the treatment was switched to mepolizumab,
which reduced blood eosinophil count; however, asthma control did not improve, and the mac-
ulopapular exanthema worsened, prompting another change to benralizumab. Due to persistent
inadequate asthma control, the treatment was subsequently switched to tezepelumab, which resolved
the maculopapular exanthema and decreased asthma exacerbations. Additionally, improvements in
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forced expiratory volume in one second and the asthma control test score were observed, along with
a reduction in the serum thymus and activation-regulated chemokine (TARC) level. Conclusions: In
some patients with severe type 2 BA who experience secondary eosinophilia and worsening asthma
control after dupilumab administration, tezepelumab can be effective, and serum TARC levels could
serve as a biomarker.

Keywords: Tezepelumab, thymus and activation-regulated chemokine (TARC), dupilumab,
mepolizumab, benralizumab, bronchial asthma.

Introduction

Bronchial asthma (BA) affects over 262 million people worldwide.! Of these, 5-10% are classified
as having severe BA, and more than half are thought to have type 2 BA.! In the 21st century, the
symptoms of patients with severe type 2 BA have significantly improved with biologic treatments
and bronchial thermoplasty, prompting discussions about clinical remission.?> In particular, biologics
such as anti-immunoglobulin E (IgE) antibodies, anti-interleukin-5 (IL-5) antibodies, anti-interleukin-
4 (IL-4) receptor antibodies, and more recently, anti-thymic stromal lymphopoietin (TSLP) antibodies
have benefited numerous patients with severe type 2 BA.! However, many aspects regarding the
biomarkers and responders for each biologic remain unclear.? There is an ongoing debate about their
effectiveness, particularly anti-TSLP antibodies, in different clinical profiles of severe BA patients, and
no valuable biomarkers have been reported.*

This study presents a case of a patient with severe type 2 BA and eosinophilic chronic rhinosi-
nusitis (ECRS) who developed secondary eosinophilia and inadequate asthma control after receiving
dupilumab. After switching to mepolizumab and benralizumab, which failed to produce a sufficient
effect, the patient was transitioned to tezepelumab, following which they experienced adequate
therapeutic outcomes. The serum thymus and activation-regulated chemokine (TARC) level was
identified as an effective biomarker for tezepelumab.

Case Presentation

A 64-year-old female non-smoker presented to the respiratory medicine department in year X-2
(two years before the baseline year) for the management of BA. She had a history of type 2 BA
diagnosed in year X-7 and underwent endoscopic sinus surgery for ECRS in year X-6 (Fig. 1A—
C). The management of BA involves the use of inhaled corticosteroids, long-acting f2 agonists,
long-acting muscarinic antagonists, and leukotriene receptor antagonists. After some time, small
erythematous macules with mild pruritus spread from the extremities to the trunk. A skin biopsy of
the right thigh (Fig. 1D) was performed in the dermatology department, resulting in a diagnosis of
maculopapular exanthema, which resolved within one month. Due to worsening nasal obstruction
and olfactory impairment caused by ECRS, dupilumab was initiated (300 mg subcutaneously every
other week) in the otolaryngology department (Fig. 2). Following the administration of dupilumab,
an increase in blood eosinophil count (BEC) was noted, and prednisolone (PSL) was added during
asthma exacerbations. Additionally, the maculopapular exanthema gradually reemerged around June
of year X (Fig. 1E, F). Although forced expiratory volume in 1 second (FEV1) improved after
dupilumab administration, due to increased BEC and more frequent asthma exacerbations, PSL
(40 mg/day) was initiated, and the treatment was switched from dupilumab to mepolizumab (100
mg subcutaneously every four weeks; Fig. 2). Before mepolizumab administration, during oral PSL
at 10 mg/day, laboratory results showed elevated white blood cell and platelet counts with a slight
increase in CRP, while BEC was normal and tests for serum myeloperoxidase-ANCA and serum
Aspergillus fumigatus 1-specific IgE were negative (Table 1). After switching to mepolizumab, the
BEC decreased, but the maculopapular exanthema worsened. Suspecting eosinophilic granulomatosis
with polyangiitis (EGPA), a second skin biopsy was performed (Fig. 1G). However, no pathological
findings suggestive of vasculitis were observed, and the patient was diagnosed with maculopapular
exanthema. Asthma exacerbations persisted, accompanied by a decline in FEV1, fractional exhaled
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Figure 1. Clinical findings of the patient. (A) A coronal CT scan before endoscopic sinus surgery
for eosinophilic chronic rhinosinusitis in year X-6 showed widespread mucosal thickening in all
sinuses. (B) High-magnification biopsy of the right ethmoid sinus [hematoxylin and eosin (H&E)
stain] revealed ciliated columnar epithelium with internal edema and significant eosinophil and
lymphocyte infiltration. (C) A chest radiograph in year X-2 showed no infiltrative shadows.
(D) High-magnification initial biopsy of the right thigh skin (H&E stain) revealed lymphocyte,
eosinophil, and neutrophil infiltration around dermal capillaries without vasculitis. (E, F) Skin
findings included mildly pruritic erythematous macules on the forearms (E) and lower legs (F).
(G) A high-magnification second skin biopsy (H&E stain) of the left lower leg, taken during
mepolizumab and prednisolone treatment, showed mild chronic inflammation in the superficial
dermis, with predominantly neutrophils and a few eosinophils.

nitric oxide (FeNO) at 130 ppb, the serum TARC level at 596 pg/mL, and a BEC of 134 cells/pL.
The treatment strategy was switched to benralizumab (30 mg subcutaneously every eight weeks, with
the first three doses administered every four weeks) to suppress eosinophil activity further (Fig. 2).
Thereafter, a decrease in the serum IgE level and an improvement in FEV1 to 1.22 L were observed.
However, the maculopapular exanthema reappeared, asthma exacerbations persisted, and the serum
TARC level increased to 767 pg/mL (Fig. 2). Consequently, PSL was increased to 50 mg/day, and
tezepelumab (210 mg subcutaneously every four weeks) was administered instead of benralizumab.
Several weeks after the initiation of tezepelumab, asthma exacerbations disappeared, and the serum
IgE level, serum TARC level, and BEC improved, with FEV1 increasing to 1.64 L. The tezepelumab
treatment entailed only one asthma exacerbation and a slight increase in the serum TARC level to
239 pg/mL; however, there was no relapse of maculopapular exanthema. After a year of continued
tezepelumab treatment, there were no asthma exacerbations, and the asthma control test (ACT) score
was 25, with stable serum TARC level, serum IgE level, and FeNO (Fig. 2).

Although influenced by the dosage of PSL, the patient’s nasal congestion or obstruction score
showed the best results in the following order: dupilumab > mepolizumab > benralizumab =
tezepelumab, indicating a difference in efficacy for BA and ECRS (Fig. 2).
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Figure 2. Clinical course of the patient. ICS, inhaled corticosteroids; LABA, long-acting p2
agonists; LAMA, long-acting muscarinic antagonists; LTR A, leukotriene receptor antagonists;
OCS, oral corticosteroids; ACT, asthma control test; BEC, blood eosinophil count; TARC,
thymus and activation-regulated chemokine; FeNO, fractional exhaled nitric oxide. The nasal
congestion or obstruction score was assessed according to the evaluation method used in the
LIBERTY NP SINUS-52 study.

Discussion

The patient had comorbid BA and ECRS, and eosinophilia and asthma exacerbations worsened
after the initiation of dupilumab. Although the treatment was switched to mepolizumab and then
benralizumab, sufficient asthma control was not achieved. However, after switching to tezepelumab,
asthma control stabilized. Furthermore, the serum TARC level correlated with ACT score and FEV1.

TARC/chemokine ligand 17 (TARC/CCL17) was first isolated by Imai et al. in 1996.° It is an 8-kDa
protein expressed in the thymus, composed of 71 amino acids, and demonstrates T-cell chemotactic
activity. They subsequently reported that C-C chemokine receptor 4 (CCR4), expressed on CD4T T
cells, is a receptor;’ however, it was also found to be present in type 2 innate lymphoid cells (ILC2s),
airway epithelial cells, eosinophils, mast cells, and dendritic cells (DCs).® Moreover, it has been
elucidated that TARC/CCL17 secretion is stimulated by TSLP, which is produced in airway epithelial
damage, leading to DCs inducing allergic inflammation? and enhancing TARC/CCL17 secretion.!”
Similarly, TSLP is overexpressed within nasal polyps, which is thought to contribute to the increased
secretion of TARC/CCL17.!! Furthermore, it has been reported that serum TARC levels decrease
following the administration of budesonide inhalation'2, systemic corticosteroids,!>!#4 or anti-IL-5
antibody therapies!® in BA patients, demonstrating its utility as a monitoring indicator for asthma
control and a potential biomarker in type 2 high BA.!® However, TARC levels have been observed
to be elevated in conditions such as atopic dermatitis and EGPA.® Therefore, careful interpretation is
necessary in type 2 BA, which often coexists with these conditions.

According to recent reports, among patients with allergic diseases such as type 2 BA, 46% have
chronic sinusitis, and 21% have nasal polyps.'” This has led to the proposal of the concept of
multimorbid allergic disease.!” In other words, patients with type 2 BA frequently have comorbid
allergic diseases that interact with one another, necessitating a comprehensive and integrated treatment
approach. Studies using cultured epithelial cells derived from the nasal mucosa of patients with ECRS
and BA have confirmed a significant decrease in steroid sensitivity.!® This is partly attributed to
enhanced phosphorylation of the steroid receptor at the Ser?2° residue. Consequently, in these patients,
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Table 1. Laboratory results for the patient in July, X

Items Results Reference Unit
White blood cell count 10,500 3300-8600 /nL
Neutrophils 68.1 49.7-72.7 %
Lymphocytes 23.2 24.5-38.9 %
Monocytes 5.6 1.7-8.7 Yo
Eosinophils 2.0 0.0-5.0 %
Basophils 1.1 0.0-3.0 %
Hemoglobin 11.6 11.6-14.8 g/dL
Platelet 471 158348 103/uL
Total protein 6.7 6.6-8.1 g/dL
Albumin 4.1 4.1-5.1 g/dL
Aspartate aminotransferase 19 13-30 U/L
Alanine aminotransferase 10 7-23 U/L
Gamma-glutamyl transpeptidase 16 9-32 U/L
Alkaline phosphatase 69 38-113 U/L
Lactate dehydrogenase 220 124-222 U/L
Creatinine 0.67 0.46-0.79 mg/dL
Blood urea nitrogen 14.6 8.0-20.0 mg/dL
Sodium 139 138-145 mmol/L
Potassium 4.0 3.6-4.8 mmol/L
Chlorine 105 101-108 mmol/L
Calcium 8.8 8.8-10.1 mg/dL
C-reactive protein 0.99 0.00-0.14 mg/dL
Myeloperoxidase anti-neutrophil cytoplasmic antibody <1.0 <3.5 U/mL
Asp f 1-specific IgE 0 <0.35 Ua/mL

Note: Asp f, Aspergillus fumigatus.

the rate of BA remission is notably reduced. In patients with comorbid allergic diseases and severe
type 2 BA, serum TARC levels may indicate both overall type 2 inflammation and the TSLP state,
including steroid resistance.

There are reports of secondary eosinophilia occurring in some patients with severe BA following
dupilumab administration. Although most cases are asymptomatic and transient, they can occasion-
ally lead to asthma symptoms.!*2" Kobayashi et al. reported that in some of these cases, the action of
TSLP on its receptors present in eosinophils leads to the release of granular proteins and eosinophil
extracellular trap cell death, prolonging eosinophil lifespan in the presence of IL-5.'%:21:22 This study
suggests the potential efficacy of tezepelumab in some patients with severe BA whose symptoms
worsen after the initiation of dupilumab. Furthermore, it proposes that although several biologic
agents are currently available, considering the order of administration of these agents in patients with
severe type 2 BA who are resistant to dupilumab may yield effective therapeutic outcomes.

To the best of our knowledge, there have been no reports of patients with severe BA who did not
respond to dupilumab, mepolizumab, or benralizumab but achieved control with tezepelumab, apart
from non-type 2 cases.?

In this case, a limitation is that serum TARC levels were not measured before the initiation of
dupilumab, making it unclear how the maculopapular exanthema may have influenced serum TARC
levels. However, considering that serum TARC levels continued to rise after the improvement of
maculopapular exanthema and were elevated during asthma exacerbation following the resolution of
the exanthema, the serum TARC levels in this case may reflect type 2 inflammation across multiple
allergic diseases, including BA. Regarding the efficacy of biologics, there was a difference between BA
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and ECRS, leading to prioritizing asthma treatment. The cause of this difference in efficacy remains
unclear. However, it is worth noting that serum TARC levels were monitored throughout the duration
of biological therapies, allowing us to confirm fluctuations in line with the effects of tezepelumab,
making this a valuable case.

Conclusion

TSLP mediates TARC/CCL17 production in some patients with severe type 2 BA. In particular, for
patients with severe type 2 BA receiving systemic corticosteroids who are considering the initiation or
change of biologics, incorporating serum TARC levels alongside BEC, FeNO, and serum IgE levels
may help select a more appropriate biologic and enhance treatment efficacy. Further research on serum
TARC levels and severe type 2 BA is necessary.
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