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Abstract

Chronic rhinosinusitis (CRS) is a highly heterogeneous disorder exhibiting considerable
epidemiological, clinical and immunopathological variations across patients with distinct
ethnic backgrounds and in different geographic locations. Asian CRS patients present less
eosinophilic and type 2 (T2) inflammation, but more prominent neutrophilic
inflammation compared with patients in Western countries. Although several biologics
targeting important elements of T2 inflammation, such as IL-4, IL-5, IL-13 and IgE,
demonstrate promising benefit for Caucasian patients with recurrent nasal polyps, their
efficacy in Asian patients remains poorly defined. The distinct endotypes in Asian
patients warrant the identification and selection of patients who would benefit from T2
biologics in Asian countries. Additionally, developing novel treatments targeting
neutrophilic, type 1, and type 3 inflammation may benefit approximately 50% of Asian
CRS patients with non-T2 inflammation. In this review, we summarized and discussed
recent progress in the study of Asian CRS endotypes in comparison with those in patients
in Western countries, and the methods of identifying Asian patients with eosinophilic or
T2 inflammation. T2 biologic treatment of Asian CRS patients, potential therapeutic
candidates targeting non-T2 inflammation in Asian CRS patients and the progress on
developing other T2 biologics were discussed.
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Patients with chronic rhinosinusitis (CRS) in Asian and Western countries demonstrate distinct
endotypes. Asian patients with CRS with nasal polyps (CRSWNP) present less type 2 (T2) inflammation
and more mixed inflammation compared with patients in Western countries. It is critical to identify
and select patients who would benefit from T2 biologics in Asian countries.
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Key Messages

Asian chronic rhinosinusitis (CRS) patients display less eosinophilic and type 2
(T2) inflammation, but more prominent neutrophilic inflammation compared
with patients in Western countries.

Mixed feature of T2 inflammation in Asian CRS patients may influence the
efficacy of T2 biologics in Asian population.

Given the lower prevalence of T2 inflammation in Asian CRS patients, it is
critical to select patients by identifying T2 inflammation for T2 biologic
treatment

1 INTRODUCTION

Chronic rhinosinusitis (CRS) is defined as the inflammation of the mucosa of the nose and
paranasal sinuses over 12 weeks, occurring in 11%—-12% of adults in Europe and the United
States,’ and approximately 8% of adults in China and Korea.” * CRS frequently presents with
other inflammatory airway conditions such as asthma and allergic rhinitis (AR), and imposes
huge global health and economic burdens.’ % CRS is a highly heterogeneous disorder with
diverse inflammatory profiles.*° Based on endoscopic examination finding, CRS is clinically
subclassified into CRS without nasal polyps (CRSsNP) and CRS with nasal polyps (CRSWNP).*
> Studies in Caucasian patients have shown that CRSWNP is characterized by type 2 (T2)
[high interleukin (IL)-4, IL-5, IL-13 and IgE expression] and eosinophilic inflammation,
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whereas CRSsNP is primarily characterized by type 1 (T1) [high interferon (IFN)-y expression]
and type 3 (T3) (high IL-17A expression) inflammation.” % © Conventional anti-inflammatory
treatments of CRS include intranasal and systemic corticosteroids.” # Endoscopic sinus
surgery is considered when medical therapy fails.” # However, it has been shown that
approximately 20% of CRSsNP and 40% of CRSWNP patients relapse 1-2 years after
surgery.’” Eosinophilic inflammation and T2 immune response have been identified as
important risk factors for disease relapse in CRS patients,’ % 1011 thus stimulating the
study of T2 biologics in Caucasian patients with severe CRSWNP. Four multicentre and
international phase 3 trials have demonstrated promising effect of omalizumab (anti-IgE),
dupilumab (anti-IL-4Ra), mepolizumab (anti-IL-5) and benralizumab (anti-IL-5Ra) in reducing
nasal polyp (NP) size and relieving symptoms in patients with refectory and severe
CRSwWNP.'% 1>

However, the phase 3 trials were primarily conducted on CRS patients in Western countries.
Moreover, CRS shows considerable epidemiological, clinical and immunopathological
variations across patients with distinct ethnical backgrounds and geographic locations.® ¢
7 Earlier studies showed that Asian CRS patients have less eosinophilic and T2 inflammation
compared with Caucasian patients and that approximately half of Asian CRSWNP patients
demonstrate noneosinophilic inflammation.® '%-?Y Recent studies indicate predominant
neutrophilic and T1 and T3 inflammation in noneosinophilic CRSWNP Asian patients.® % 2

The efficacy of T2 biologics in treating Asian CRS patient may be limited by the different CRS
endotypes among Asian patients. Therefore, this review aimed to examine the current
research progress on CRS endotypes among Asian patients and the implications for the
application of treatments with T2 biologics. Additionally, we provide a perspective on
potential candidate treatments targeting non-T2 inflammation in Asian patients with CRS.

2 DISTINCT CHARACTERISTICS OF CRS IN ASIAN
PATIENTS

2.1 Epidemiology and comorbidity

The exact prevalence of CRS is difficult to determine because of the need for objective
confirmation of diagnosis. According to epidemiological studies primarily based on
symptom questionnaire, CRS has been found to affect approximately 12% of individuals in
the United States, and 11% in Europe (Figure 1).* ?? In China, a prevalence of 8% was
reported (Figure 1).? In two Korean nationwide surveys, the prevalence of CRS was 6.95%
and 8.4%, as defined by symptoms and endoscopic findings.* 2> Based on endoscopic
results, the prevalence of CRSWNP was 2.5%-2.6% in Korea, 2.7% in Sweden, and 1.1% in
China (Figure 1).'” Although the overall CRS prevalence in Asia, Europe and North America is
similar, the prevalence of T2-related comorbidities in CRS patients differs substantially
between Asian and Western countries (Figure 1).'® AR is one of the most common
comorbidities in CRS patients in Western countries and affects approximately 75% of
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CRSWNP patients.” “ However, the frequency of AR comorbidity is much lower in China, and
only 10% of CRS patients and 13% of CRSWNP patients experience AR (Figure 1).> °* Notably,
the overlap of symptoms between CRS and AR may cause the overdiagnosis of AR in
patients with CRS, although AR was diaghosed based on positive skin prick test and nasal
symptoms.* Regarding asthma, the frequency of asthma comorbidity is only 7% in CRS
patients and 9% in CRSWNP patients in China, whereas the frequency of asthma comorbidity
could be over 50% in CRSWNP patients in Western countries (Figure 1)."* % 2% 2> Similarly, the
frequency of nonsteroidal anti-inflammatory drug-exacerbated respiratory disease (N-ERD)
comorbidity is approximately 21% in CRSWNP patients in Western countries, in contrast to a
very low frequency of 0.6% in patients in China (Figure 1)." % ?® Nevertheless, it should be
noted that there is a lack of extensive epidemiological studies regarding N-ERD prevalence
in Chinese CRS patients, and N-ERD was diagnosed based on the history instead of oral
challenge in most studies, which may cause the underdiagnosis of N-ERD in China.?’ Low
frequencies of AR and asthma comorbidities are also found in Korean CRS patients, ranging
from 4.5% to 22.4% and 1.6% to 5.6%, respectively.> 23 However, the prevalence of AR and
asthma comorbidity seems to be higher in Japan than that in China and Korea, which is
approximately 35% and 17.8%—65%, respectively.?' 32
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FIGURE 1

Open in figure viewer | %PowerPoint
Schematic view of epidemiological difference between CRS patients in Asian and Western countries. Prevalence of CRS
primarily based on symptom questionnaire. Prevalence of CRSWNP based on endoscopic results and its comorbidities
including AR, asthma and N-ERD in Asian and Caucasian populations. The picture created with BioRender.com. Within
the cakes, the prevalence reported by a single study, or a median value of the reported prevalence followed by the
range of prevalence is shown. AR, allergic rhinitis; CRS, chronic rhinosinusitis; CRSWNP, chronic rhinosinusitis with nasal

polyps; N-ERD, nonsteroidal anti-inflammatory drug-exacerbated respiratory disease

2.2 Eosinophilic and neutrophilic inflammation

Eosinophilic inflammation has been considered as a major feature in Caucasian CRSWNP
patients, with 80% of them having dominant eosinophilic inflammation (Figure 2). However,
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eosinophilic inflammation can only be observed in 20%—-60% of CRSWNP patients in Asian
countries including China, Korea, Japan, Thailand and Malaysia (Figure 2), which is consistent
with the low prevalence of AR, asthma and N-ERD comorbidity in Asian patients.'® 3% 34 In
contrast, neutrophilic inflammation has been observed in a large percentage of Asian
CRSWNP patients.'? 3> 3¢ Increased numbers of neutrophils have been found in Chinese
patients with both eosinophilic and noneosinophilic CRSWNP in comparison with control
subjects.?’-? Interestingly, noneosinophilic CRSWNP Chinese patients exhibited higher
numbers of neutrophils than did eosinophilic CRSWNP patients, indicating a divergence
between neutrophilic and eosinophilic inflammation in Chinese CRSWNP patients.>’-3? Using
cluster analysis, Liao et al.® detected two distinct clusters characterized by T2 response and
eosinophil-dominated endotype, and neutrophil-dominated endotype with high IL-8 levels.
Consistently, studies in China and Korea have shown that only a small percentage of
CRSWNP patients (4.4%—11.2%) exhibited both high eosinophilic and neutrophilic
inflammation.>”*" In contrast, recent studies indicate a positive interaction between
eosinophilic and neutrophilic inflammation in CRSWNP patients in Western countries.*?
CRSWNP patients with markedly eosinophilic inflammation exhibit substantial levels of
neutrophil infiltration.?® High neutrophilic inflammation is associated with eosinophil
extracellular trap cell death and Charcot-Leyden crystals (CLCs) in Caucasian CRSWNP
patients.*? CLCs were found to facilitate neutrophil chemotaxis by promoting IL-8
production.*” The reasons for the distinct relationship between neutrophilic and
eosinophilic inflammation in Caucasian and Asian patients are currently unclear. Whether
the intensity of eosinophilic inflammation and CLC formation influences the relationship
between neutrophilic and eosinophilic inflammation in CRSWNP in Western and Asian
countries deserves further investigations.

| Endotypic differences between CRSwNP patients in Asian and Western countries
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FIGURE 2

Open in figure viewer | %PowerPoint
Schematic view of endotype difference between CRSWNP and CRSsNP patients in Asian and Western countries. Within
the cakes, the prevalence reported by a single study, or a median value of the reported prevalence followed by the
range of prevalence is shown. CRSsNP, chronic rhinosinusitis without nasal polyps, CRSWNP, chronic rhinosinusitis with

nasal polyps

Recently, Wang et al.>? discovered the importance of IL-36y, a member of IL-1 family, in the
regulation of neutrophilic inflammation in Chinese CRSWNP patients. They found that IL-36y
production was markedly elevated in both eosinophilic and noneosinophilic CRSWNP
patients than in control subjects. Neutrophils were identified as the principal IL-36R-positive
cell type in NPs. Full-length IL-36y produced by nasal epithelial cells was cleaved and
activated by neutrophil-derived elastase, which in turn promoted the production of
chemokine (C-X-C motif) ligands: CXCL1, CXCL2 and CXCLS, by neutrophils in NPs.? Thus,
there is a positive feedback loop between IL-36y and neutrophilic inflammation in CRSWNP
patients. Neutrophils may disrupt NP epithelial barrier by producing oncostatin M,
contribute to tissue fibrosis by transforming growth factor-g2 and secrete various mediators
to regulate inflammatory response.>* 43 Neutrophilia impairs response to glucocorticoid and
surgical treatment in Asian CRSWNP patients,** %> and is associated with poor quality of life
in Caucasian CRS patients.>® “¢ Further comparison of the difference in neutrophilic
inflammation between CRSWNP patients in Asian and Western countries will enhance the
understanding of the role of neutrophils in the pathophysiology of CRSWNP. Additionally,
eosinophilic inflammation has been markedly augmented over the last decade, not only in
China*/ but also in other Asian countries, such as Korea and Thailand.>* %% 49 Future studies
should investigate whether this shift would change the relationship between neutrophilic
and eosinophilic inflammation in Asian CRSWNP patients.

CRSsNP is primarily characterized by either T1 or T3 and neutrophilic inflammation.?% >0 >
However, recent studies in the United States and Europe demonstrated that a considerable
percentage of CRSsNP patients displayed T2 immune response.””°> Delemarre et al.”?
found that approximately 50% of CRSsNP patients exhibit eosinophilic and T2 inflammation
(Figure 2), although the T2 inflammation in CRSsNP patients is usually less pronounced than
that in CRSWNP patients. In contrast, there was no increase in neutrophil numbers in
CRSsNP patients compared with that in control subjects. Those findings point out an
underappreciated role of eosinophils in Caucasian CRSsNP patients. In Chinese CRSsNP
patients, less eosinophilic inflammation was observed, with only 12% of patients exhibiting
eosinophilic inflammation (Figure 2), which was associated with the atopic status.”®
Additionally, the number of neutrophils was considerably higher in CRSsNP patients than in
CRSWNP patients and control subjects in Chinese.>”

3T1, T2 AND T3 INFLAMMATION IN CRS
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Defining the CRS endotypes based on T1, T2 and T3 inflammation is critical in selecting
suitable biologics for CRS treatment. Eosinophilic inflammation is commonly associated with
T2 response. Consistent with eosinophilic inflammation, 73%-87% of CRSwWNP patients in
Western countries, including America, Europe and Australia, exhibit T2 signature, whereas
the percentage ranges from 20% to 61% in Asian countries, including China, Korea and Japan
(Figure 2 and Table 1).'% 3% 53,5457 Another important difference between Asian and
Caucasian patients is that most of T2 response in CRSWNP in Western countries is single T2
(46%—-82%), while in Asian countries, most of T2 response is mixed with T1 and T3 response
(Figure 2 and Table 1).'6 17,39 53,5457 Regarding CRSsSNP, 33%-55% and 5%-36% of patients
exhibit T2 response in Western and Asian countries, respectively (Figure 2 and Table 1).'% 3%
23,54, 57 Again, T2 inflammation in Asian CRSsNP patients is more likely mixed with T1 and T3
inflammation (Figure 2 and Table 1). The mixed feature of T2 inflammation in Asian CRS
patients may influence the efficacy of T2 biologics in Asian population.

TABLE 1. Summary of endotypes of CRSWNP and CRSsNP patients in Asian and Western

countries
City Sample | Markers for | Single | Single @ Single T1/T2  T1/T3 | T2/T3 | T1/T
(country) @ size classification | T1 T2 T3 (%) (%) (%) (%)
(%) (%) (%)
CRSWNP  Benelux 45 T1 (IFN-y 4 62 2 16 2 5 2

(Europe) protein); T2
(IL=5 protein);
T3 (IL-17A

protein)

Berlin 11 Same as 0 82 9 0 0 0 0

(Germany) above

Adelaide 33 Same as 3 46 12 12 6 9 6

(Australia) above

Chicago 134 T1 (IFN-y 1 62 2 10 1 10 5
(America) mRNA and

protein); T2

(CLC mRNA

and ECP

protein); T3

(IL-17A

mRNA and

protein)
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Abbreviations: CRSsNP, chronic rhinosinusitis without nasal polyps; CRSWNP, chronic rhinosinusitis with nasal polyps.

In contrast to consistent findings in T2 inflammation, more diverse results have been
reported for T1 and T3 inflammation. Studies in Europe indicate T1 inflammation in CRSsNP
patients.>> °® However, studies on Americans in Chicago failed to replicate the up-regulation
of IFN-y in CRSsNP patients.>> Compared with Caucasian patients, Chinese CRSWNP and
CRSsNP patients had higher IFN-y and IL-17A levels.'® 3% > Approximately 0%—27% and
9%—33% CRSWNP patients in Western countries exhibit T1 and T3 inflammation,
respectively, whereas 11%-58% and 14%-55% of patients in Asian countries exhibit T1 and
T3 inflammation, respectively (Figure 2 and Table 1).'6 3% 35457 Similarly, 16%—-35% and
5%-30% of CRSsNP patients in Western countries, and 14%—91% and 0%—44% CRSsNP
patients in China exhibit T1 and T3 inflammation, respectively (Figure 2 and Table 1)."6 3%
22:54,56,57 Thus, the frequencies of T1 and T3 inflammation are higher in Asian CRS patients
than in Caucasian patients (Table 1). Both in Western and in Asian countries, most T1
inflammation and T3 inflammation are in combination with other T inflammation.'® 3% >3, 5%
>/ Although T3 inflammation is traditionally considered a major driver of neutrophilia in
several pathological conditions, this is not observed in CRS. Delemarre et al.*? found that
neutrophil infiltration in CRSWNP patients was independent of IL-17. In the cluster analysis
study of Liao, cluster 3 was characterized by predominant neutrophilic inflammation;
however, there was only modest elevation of IL-17A in this cluster.® Our unpublished data
show a weak correlation between IL-17A and neutrophil levels in Chinese CRSWNP patients
(r=0.149, n = 249). Therefore, targeting T3 inflammation may have limited effect in
regulating CRS-induced neutrophilia in both Asian and Caucasian patients. Moreover, T1, T2
and T3 inflammatory responses may not be present in some CRS patients in both Asian and
Western countries (Figure 2 and Table 1).8 16:39.53,54 57 Thys, such patients may not benefit
from biologics targeting T1, T2 or T3 inflammation.

4 CLUSTER ANALYSIS OF CHRONIC RHINOSINUSITIS

Cluster analysis is a hypothesis-free and unsupervised statistical method that allows the
grouping of several related variables into clusters without compromising information.
Tomassen et al."’” performed a cluster analysis of biomarkers in nasal tissues from CRS
patients in Europe, and detected 10 clusters, among which patients in four clusters had low
or undetectable IL-5, eosinophil cationic protein, IgE and albumin concentrations, whereas
those in six clusters had high concentrations of these markers. The IL-5" clusters were
further divided into a group of three clusters with moderate IL-5 concentrations and another
three clusters with high IL-5 levels that were composed almost exclusively of CRSWNP
patients.'” The three cluster with high T2 inflammation showed a markedly increased
presence of neutrophil marker proteins, suggesting both eosinophilic and neutrophilic
inflammation in CRSWNP patients with high T2 inflammation."” Lou et al.>® performed
cluster analysis of Chinese CRSWNP patients based on the type of inflammatory cells, and
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identified five clusters, with cluster 4 having predominant infiltration of neutrophils and
cluster 5 exhibiting markedly eosinophilia.”® They did not observe coexistence of
neutrophilic and eosinophilic inflammation in Chinese patients.”” °° By including 28 clinical
parameters and 39 cellular and molecular parameters in cluster analysis, Liao et al.®
subclassified Chinese CRS patients into seven clusters with distinct biologic and clinical
characteristics and treatment outcomes. As discussed above, they found two separated
clusters characterized by markedly eosinophilic and neutrophilic inflammation. Cluster 1
was comparable to the classic well-defined eosinophilic CRSWNP in Western countries with
the highest T2 levels and the highest prevalence of comorbid asthma (50%).2 Cluster 1 had
low levels of neutrophils and IL-8. In contrast, cluster 3 was characterized by the highest
levels of neutrophils and IL-8 without elevation of T2 cytokine and eosinophil levels.® These
two cluster studies on Chinese patients further indicate a divergence between neutrophilic
and eosinophilic inflammation in Chinese CRS patients. In the study by Liao, cluster 3 had a
high proportion of difficult-to-treat cases (44.44%) comparable with that in cluster 1 (50%),
suggesting that both severe eosinophilic and neutrophilic inflammation can lead to poorly
controlled disease in CRS patients.® The cluster studies in Western and Asian countries
underscore the challenge of regulating neutrophilic inflammation in CRS.

5 CONVENTIONAL MEDICAL TREATMENT, SURGERY
AND UNMET NEEDS IN ASIAN CRS PATIENTS

High T2 inflammation is generally responsive to glucocorticoids. Intranasal glucocorticoids,
in combination with systemic glucocorticoids for severe cases, are recommended by
European, American and Asian guidelines for the treatment of CRS.* 2% 2% ®1 However,
previous randomized controlled trials (RCTs) of glucocorticoid treatment for CRS were
mostly performed on Caucasians. In an uncontrolled study using a small sample size, Wen et
al.** found that short-term oral prednisone treatment was able to suppress eosinophilic
inflammation and T2 and T1 response, but not neutrophilic inflammation and T3 response.
Chinese CRSWNP patients with neutrophilic inflammation were less responsive to oral
glucocorticoid treatment. In another study, Wu et al.® found that only half of Chinese
CRSWNP patients responded positively to oral glucocorticoid treatment, coinciding with the
prevalence of eosinophilic inflammation in Chinese CRSWNP patients. Additionally, it was
observed that high mucosal eosinophil percentage and CLC levels in nasal secretions were
associated with positive response to oral glucocorticoids.®” The efficacy of long-term low-
dose macrolides for CRS treatment remains controversial. Two RCTs conducted in Europe
reported no substantial benefit of macrolides for CRS patients®* ©4; however, these studies
did not consider the different clinical and pathological types of CRS. Several studies indicate
that macrolides might be effective for CRS patients without elevated serum IgE levels or with
high local IL-8 levels.®> Therefore, macrolides are likely suitable for CRS patients with high
neutrophilic inflammation. However, currently, there is a lack of high-quality evidence to
support the use of glucocorticoids and macrolides treating CRS with different endotypes. As
glucocorticoids and macrolides are still the most accessible treatments in the clinical setting,
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it is necessary to conduct high-quality RCTs to compare their efficacy in treating CRS with
different endotypes, particularly for Asian patients with more heterogeneous features.
Recently, Zeng et al. subclassified Chinese CRS patients into CRSsNP, eosinophilic CRSWNP
and noneosinophilic CRSWNP group, and compared the efficacy of post-operative nasal
glucocorticoid and oral macrolide treatment in every group.” °© The findings of the study
showed that there was no considerable difference in the efficacy of nasal glucocorticoid and
oral macrolide.” However, in a post hoc study, Zeng et al.® found that CRS patients with
high tissue IL-8 and IgG4 levels were less likely to respond to nasal glucocorticoid and oral
macrolide therapy, respectively. These data suggest that tissue eosinophilia and the
presence of NPs may not be enough to conclude on the efficacy of post-operative
glucocorticoid and macrolide treatments. Overall, it is critical and challenging to obtain
optimal markers for endotype-guided treatment for CRS patients.

Surgery is used to treat CRS patients who are unresponsive to medical treatments.* ©7: 68
Surgical procedures for CRS can range from limited (functional) to extensive (radical or
reboot) types. Jonstam et al.°® showed that inflammation was not limited to NPs themselves
but was equally present in the nonpolypoid tissues in Caucasian patients with

CRSwWNP. More extensive surgery involving sinus mucosa removal reduced relapse rates in
Caucasian CRSWNP patients compared with conventional mucosa-sparing surgery.®® As
approximately half of Asian CRSWNP patients also experience eosinophilic and T2
inflammation, extensive surgical procedures will have to be adapted to Asian patients with
refractory eosinophilic CRSWNP. Chen et al.®” found that extensive sinus surgery (middle
turbinate and superior turbinate resection and total ethmoidectomy) was more effective in
improving olfactory function and endoscopic appearance than functional surgery in Chinese
patients with concomitant CRSWNP and asthma, a T2-related phenotype. In addition to T2
and eosinophilic inflammation, neutrophilic inflammation is also associated with poor
disease control after surgery in Asian CRSWNP patients. Whether extensive surgery is also
suitable for refractory Asian CRSWNP patients with high neutrophilic inflammation requires
further investigations.

6 T2 BIOLOGICS FOR ASIAN CRSWNP PATIENTS AND
PATIENT SELECTION

6.1 Current evidence regarding T2 biologics in Asian CRSWNP
patients

Recently, phase 3 trials of biologics, including omalizumab (anti-IgE), dupilumab (anti-IL-4Ra),
mepolizumab (anti-IL-5), and benralizumab (anti-IL-5Ra), were performed on CRSwWNP
patients in primarily Western countries, and a limited number of patients from Japan and
Korea participated in SINUS-52 dupilumab study and SYNAPSE mepolizumab study,
respectively.'>'> 7071 As eosinophilic and T2 inflammation are the predominant features in
and are associated with relapse in majority of CRSWNP patients in Western countries, the
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presence of eosinophilic or T2 inflammation was not considered in selecting patients for the
studies. However, considering the lower prevalence of eosinophilic and T2 inflammation in
Asian CRS patients, it is critical to consider the presence of eosinophilic and T2 inflammation
in selecting patients for T2 biologics treatments. In a post hoc analysis of Japanese patients
enrolled in the SINUS-52 study, Fujieda et al.”? reported substantial effects of dupilumab in
reducing NP size and nasal congestion. However, the sample size of Japanese patients was
limited and more than 80% of those Japanese CRSWNP patients exhibited eosinophilic
inflammation according to the algorithm of the Japanese Epidemiological Survey of
Refractory Eosinophilic Chronic Rhinosinusitis Study (JESREC).”? Therefore, the results
cannot be extrapolated to the general Asian population. Recently, Takabayashi et al.”*
conducted a phase 2 study on the effects of benralizumab, a humanized anti-IL-5Ra
monoclonal antibody, on Japanese patients with eosinophilic chronic rhinosinusitis,”* and
found that although benralizumab did not meet the primary efficacy endpoint, patients with
high blood eosinophil levels had a greater tendency to respond to benralizumab

treatment. This finding further reinforces the endotype dependence of T2 biologics in Asian
patients. However, even with proper selection of Asian CRSWNP patients with eosinophilic
and T2 inflammation, the Asian patients might exhibit different response to T2 biologics
when compared to Caucasian patients because of the combined presence of T2 with T1 and
T3 inflammatory responses in Asian patients. Therefore, it is important to conduct RCTs to
clarify the exact effect of T2 biologics in Asian CRSWNP patients exhibiting eosinophilia and
T2 inflammation.

Epithelial cell-derived alarmins such as IL-25, IL-33 and thymic stromal lymphopoietin (TSLP)
play a critical role in the pathogenesis of CRS by activating innate immune cells.”* Biologics
targeting IL-25, IL-33 and TSLP are potential options for the treatment of severe CRSWNP.
Notably, tezepelumab, an anti-TSLP monoclonal antibody, is currently under phase 3 trial
(WAYPOINT) for treating severe CRSWNP, and several Asian centres are engaged in this trial
(ClinicalTrials: NCT04851964). Etokimab, an IL-33 inhibitor, is currently under phase 2 trial
for patients with CRSwWNP (ClinicalTrials: NCT03614923); however, a recent press release
reported that etokimab failed to achieve statistically significant improvement in bilateral NP
scores and sinonasal outcome test 22 scores versus placebo at the week 8 time point.”*

Although the percentage of recurrence in CRSsNP patients is remarkably lower than that
described in CRSWNP patients, approximately 12.9% of CRSsNP patients may recur within
12 years, and CRSsNP patients with T2 inflammation have higher recurrence rates.>* Thus,
T2 biologics may be considered for treating CRSsNP patients with severe T2 inflammation;
however, this is subject to further research.

6.2 ldentifying eosinophilic and T2 inflammation in Asian CRS
patients

The direct way to define CRS endotypes is by analysing the inflammatory patterns of
mucosal samples; however, this is not always feasible in clinical practice. Thus, clinical
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symptoms and noninvasive biomarkers have been used to identify T2 and eosinophilic
endotype in Asian CRS patients. Sakuma et al.”” reported that a combination of increased
blood eosinophil percentage and olfactory cleft and posterior ethmoid computerized
tomography (CT) score achieved high diagnostic ability (sensitivity, 84.6%; specificity, 92.3%)
for eosinophilic CRSWNP in Japanese patients (Table 2). Furthermore, Tokunaga et al.*’
developed JESREC scoring system to diagnose eosinophilic CRS based on a study of

1716 Japanese patients. JESREC scoring system assesses unilateral or bilateral disease, the
presence of NPs, blood eosinophilia and dominant shadow of ethmoid sinuses in CT scans,
which are given weighted scores. The cut-off score 211 achieved a sensitivity of 83% and a
specificity of 66% (Table 2). JESREC has been widely adopted in Japanese studies. In Chinese
patients, Hu et al. found that the peripheral blood eosinophil abundance correlated with
tissue eosinophilia, and blood eosinophil absolute count (20.215 x 10%/L) and percentage
(23.05%) could be used to diagnose eosinophilic CRSWNP in Chinese adults, both
demonstrating an area under the curve (AUC) value of a receiver operating characteristic
curve >0.8 (Table 2).”° Similarly, Meng et al.”” found that eosinophilic CRSWNP had a more
severe ethmoid but less maxillary involvement in CT scanning, and an optimal cut-off value
of ethmoid sinus/maxillary sinus CT score ratio >2.59 yielded a sensitivity of 94% and a
specificity of 90% for the diagnosis of eosinophilic CRSWNP in Chinese patients (AUC = 0.94;
Table 2). Xu et al.”® discovered that the combination of olfaction symptom score and blood
eosinophil percentage might be used to differentiate between eosinophilic and
noneosinophilic CRSWNP in Chinese patients but with a low accuracy (AUC = 0.78; Table 2).

TABLE 2. Identifying eosinophilic inflammation in Asian CRS patients

Marker Population and Definition for Study Finding Ref.
Sample size tissue strategy or
eosinophilia method
Blood 124 Japanese CRSWNP Unknown Single-centre AUC = 0.88 for blood 73
eosinophil patients (66 prospective eosinophil percentage;
and CT eosinophilic and 89 study; The combination of blood
score noneosinophilic) Analysed by eosinophil percentage
logistic 26%, olfactory cleft CT
regression. score 21 and posterior
ethmoid CT score 21 had
84.6% of sensitivity and
92.3% of specificity to
diagnose eosinophilic
CRSWNP.
Blood 1716 Japanese patients 270 Multicentre AUC = 0.794 for JESREC 31
eosinophil with CRS (672 eosinophils/HPF retrospective score (weight of bilateral
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Marker Population and Definition for Study Finding Ref.
Sample size tissue strategy or
eosinophilia method
and CT eosinophilic and 1044 study; disease sites, nasal
score noneosinophilic) Analysed by polyps, CT findings and
Ingistic hlnnd ensinanhil

Abbreviations: AUC, area under the receiver operating characteristic curve; CRS, chronic rhinosinusitis; CRSWNP,
chronic rhinosinusitis with nasal polyps; CT, computerized tomography; E/M: ethmoid sinus/maxillary sinus; HPF, high-
power field; JESREC, Japanese Epidemiological Survey of Refractory Eosinophilic Chronic Rhinosinusitis; NO, nitric

oxide; VAS, visual analogue scale.

Nasal lavage fluids contain inflammatory mediators secreted by structural and inflammatory
cells in diseased sinonasal mucosa, which may reflect inflammatory patterns in the mucosa
of CRS patients.”?®" Wu et al.® found that CLC concentrations in nasal secretions correlated
with eosinophil percentage in NPs, and were able to predict clinical response to
glucocorticoid treatment in Chinese CRSWNP patients (AUC = 0.90). Nasal nitric oxide, a
noninvasive biologic biomarker, is routinely used in the diagnosis and treatment of allergic
airway diseases, including asthma.?? Zhu et al.?3 reported that nasal nitric oxide had high
predictive value for the diagnosis of eosinophilic CRSWNP (AUC = 0.94; sensitivity: 76.74%;
specificity: 96.67%; Table 2). However, it should be noted that most published studies on
methods of identifying eosinophilic endotype in CRSWNP patients were poorly designed,
lacking internal or external validation. Additionally, the definition for tissue eosinophilia was
inconsistent in these studies (Table 2). In JESREC study, the cut-off value for eosinophilic
inflammation was =70/high-power field,>' whereas, in Chinese studies, the cut-off was >10%
eosinophils.'®

Moreover, although T2 response is consistently associated with eosinophilic inflammation,
eosinophilia and T2 response are not completely parallel in CRS patients.®* For example,
Caucasian patients with N-ERD have increased eosinophilia compared to patients with
CRSWNP only, but no associated increase in T2 mediators.?* The levels of IL-4, IL-5, IL-13 and
IgE are not completely correlated with each other either. Thus, it is important to identify the
unique biomarkers for each T2 biologic; however, research in this regard is still in its infancy.
A post hoc analysis data obtained in SINUS-52 dupilumab study by Fujieda et al.”? showed
that dupilumab significantly improved symptoms of severe CRSwWNP patients irrespective of
eosinophilic status based on JESREC classification. However, the results of SYNAPSE
mepolizumab study showed that the efficacy of mepolizumab was higher in CRSWNP
patients with higher baseline blood eosinophil count.'® In addition, an enhanced response
to benralizumab was observed in CRSWNP patients with comorbid asthma or higher
baseline levels of blood eosinophils,’> suggesting varied biomarkers for different biologics.
Therefore, more clinical evidence is needed to cross-link the specific endotypes, clinically
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applicable markers and biologic treatments, in order to provide precise therapeutic
strategies for treating Asian CRS patients.

7 POTENTIAL TARGETS FOR NON-T2 RESPONSE OR
DIFFERENT T RESPONSES SIMULTANEOUSLY

T1 and T3 responses are observed in half of Asian CRS patients. In Asian CRSWNP patients,
elevated IL-17A expression has been reported to be associated with disease severity, steroid
resistance and acute exacerbation.>® &> 8 |n contrast, IL-17A was only up-regulated in
Caucasian patients with cystic fibrosis-related CRSWNP, but not in those without cystic
fibrosis." 8/ Several biologics targeting IL-17A, such as secukinumab and ixekizumab, have
been approved for patients with plaque psoriasis, psoriatic arthritis or ankylosing
spondylitis.?°° Thus, the involvement of T3 response in some subtypes of Asian CRS
suggests the potential applicability of anti-IL-17A biologics in the treatment of CRS in those
patients. However, the weak link between IL-17A and neutrophilia limits their application in
the treatment of neutrophilic CRSWNP patients. Elevated concentrations of IL-6 have been
reported in the tissues of CRSWNP and CRSsNP patients.®* °1-%3 A decrease in neutrophils is
observed during treatment with anti-IL-6R (tocilizumab and sarilumab) in patients with
rheumatoid arthritis.”” It is interesting to evaluate the efficacy of anti-IL-6/IL-6R biologics in
the treatment of noneosinophilic CRS in Asian patients, which are characterized by
prominent neutrophilic inflammation.

Accumulating evidence indicates an important role of dysregulation of the coagulation and
fibrinolytic cascade in oedema formation in Caucasian and Asian CRSWNP patients.”> Down-
regulation of tissue plasminogen activator (tPA), the central enzyme in the degradation of
fibrin, and increased deposition of fibrin have been demonstrated in NPs irrespective of
inflammatory endotypes.”’- °° Both T1 and T2 cytokines can suppress tPA expression in
nasal epithelial cells.”’ °° These data suggest that dysregulation of the coagulation and
fibrinolytic cascade might be a common downstream pathway involved in different
inflammatory endotypes in NPs. Takabayashi et al.”’ reported that nattokinase, a serine
protease possessing strong fibrinolytic activity, effectively shrunk NP tissue in vitro through
fibrin degradation.

The Janus kinase signal transducer and activator of transcription (JAK-STAT) pathway plays a
key role in immune modulation.”® %9 T1, T2 and T3 cytokine receptors employ the JAK-STAT
pathway to exert their effect, leading to the polarization and proliferation of T-helper

cells.”® The activated JAK-STAT cascade has been noted in CRSWNP patients.'%% 197 A number
of JAK inhibitors have been developed recently, among which tofacitinib (targeting JAK1 and
JAK3) was the first to be approved by the U.S. Food and Drug Administration (FDA) for
treating rheumatoid arthritis.'® 193 Recently, baricitinib, an orally administered JAK1 and
JAK2 inhibitor, has proven to be efficacious in patients with moderate-to-severe atopic
dermatitis.'%* 19> Additionally, ruxolitinib, a topical JAK1 and JAK2 inhibitor, has been shown
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effective in treating atopic dermatitis in a completed Phase 3 trial (ClinicalTrials:
NCT03745638), and has been approved for the treatment of atopic dermatitis by FDA in
2021."%% Small-molecule therapies offer an important alternative to biologics for the
treatment of inflammatory diseases,'%” which show advantage on oral or topical delivery.
JAK inhibitors are good candidate therapies for treating immune imbalance associated with
CRS.

8 CONCLUSIONS AND PERSPECTIVES

The advent of biologics for the treatment of severe T2 CRSWNP creates new options for the
treatment of patients with severe inflammatory responses. However, CRS is a
heterogeneous illness, and immune responses in CRS can vary across different geographic
locations and ethnical backgrounds. Biologics are likely to have different efficacies in
different patient populations depending on the inflammatory endotypes of CRS. Currently,
only biologics targeting T2 pathway have been developed for the treatment of severe
CRSwWNP. A number of CRS patients, particularly those in Asian countries, display T1-, T3- or
neutrophil-dominated endotype; however, researchers are yet to develop biologics targeting
T1, T3 or neutrophilic inflammation.

Several key questions remain to be answered. A shift towards T2 inflammation has been
observed in CRS patients in both Asian and Western countries.*” 97 Whether this shift
affects the efficacy of biologics, and whether biologics can be used in treating CRSsNP
patients remains unknown. Moreover, studies on the development of clinically applicable
markers for distinct endotypes and biologics are still preliminary. Additionally, the efficacy of
biologics in treating Asian CRS patients exhibiting combined T1, T2 and T3 inflammatory
response requires further studies. Finally, the current recommendations for the use of T2
biologics in CRS treatment are based on RCTs and are yet to be confirmed in real-world
studies.
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