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Background: Type 2 (T2) inflammatory respiratory diseases encompass a range of conditions characterized
by inflammation affecting the airways and lung parenchyma, with their pathogenesis rooted in T2
inflammation. Biological treatments that mitigate T2 inflammation revolutionize the therapeutic landscape
for these respiratory diseases. However, there are decision-making difficulties in terms of the target

population, timing of initiation, and type selection for biological targeted therapy.
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Methods: Search strategies were focused on relevant issues related to T2 inflammatory respiratory diseases
from PubMed with search date from 2014 to 2024. The quality of evidence and grading recommendations
were assessed with the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
system. Consensus was achieved through two rounds of anonymous voting with a strong recommendation
demanding at least 70% approval from the participants.

Results: A total of 370 basic research results and clinical evidence-based medical data were collected and
reviewed. The latest research advances, clinical evidence, and expert insights relating to the use of biological
treatments aiming at T2 inflammation in respiratory diseases and their co-morbidities were discussed
rigorously and iteratively by an expert panel, and a consensus report with recommendations is presented.
Conclusions: This consensus outlines the pathogenesis, assessment of T2 inflammation, biological
therapies targeted at T2 inflammation, and management strategies for T2 inflammatory respiratory diseases
and their comorbidities. It will serve as a valuable guide for clinicians in China, empowering them to

diagnose and manage these conditions more effectively.
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Introduction

Type 2 (T2) inflammatory respiratory diseases constitute
a spectrum of inflammatory disorders that affect the
airways and lung tissues, mediated by T2 inflammation,
which refers to a specialized immune response involving
the innate and the adaptive arms of the immune system to
promote barrier immunity on mucosal surfaces (1). This
category encompasses asthma, allergic bronchopulmonary
aspergillosis (ABPA), eosinophilic granulomatosis with
polyangiitis (EGPA), a subset of chronic obstructive
pulmonary disease (COPD) and non-cystic fibrosis
bronchiectasis, and other related conditions. Asthma
and COPD exhibit a substantial global prevalence, while
the diagnosis and treatment of ABPA and EGPA pose
substantial clinical challenges. Hence, precise interventions
by evolving understanding of their pathogenesis are
imperative.

These T2 inflammatory respiratory diseases collectively
affect nearly 1 billion individuals worldwide (2-5). Globally,
the prevalence of asthma is 4.3% (2), and in China, it is
4.2% among individuals aged 20 and above, affecting over
45 million people (6). In 2015, the Global Burden of
Disease (GBD) Study indicated that approximately 400,000
deaths occurred annually due to asthma worldwide, with in
China, around 25,000 deaths were reported in 2019 (7). The
annual death toll of COPD worldwide is 3.2 million (7), with
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1.037 million deaths annually among COPD patients in
China, accounting for approximately one-third of the global
total (8). Although the mortality of asthma and COPD in
China shows a downward trend year by year, the number of
deaths shows an upward trend with age, and the situation
was still serious (8). Moreover, misdiagnosis and missed
diagnoses are widespread problems, which increase the
concerns about the consequence of these diseases. A study
conducted in China revealed that approximately 2.5% of
asthma patients seeking medical treatment was diagnosed
with ABPA (9). Although EGPA is not very common, it can
affect the respiratory system and multiple tissues and organs
in the body, resulting in a high consumption of medical
resources. Studies have shown that between 17% to 42% of
EGPA patients require frequent hospitalizations, while 25%
to 42% need regular visits to the emergency department (5).

T2 inflammatory respiratory diseases frequently co-
occur with other systemic conditions. Asthma, for instance,
is frequently accompanied by lower respiratory tract
disorders such as ABPA and COPD, allergic rhinitis (AR),
chronic rhinosinusitis with nasal polyps (CRSwNP), and
various digestive and skin disorders. These comorbidities
significantly diminish patients’ quality of life, worsen
disease severity and impose a greater medical burden than
in patients without these co-morbidities (10).

In recent years, there has been a considerable increase in
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research focusing on disease mechanisms, biomarkers, and
biological therapy, both domestically and internationally,
promoting a deeper understanding of T2 inflammatory
diseases, particularly relating to allergic and eosinophilic
asthma. However, clinicians often need more awareness of
the clinical significance of these advances, and there is still
a gap in understanding the practical application of biologics
targeting various 12 pathways. To assist clinical medical
professionals in assessing and selecting biological therapies
for such diseases, the Respiratory Allergy Disease Group
(in preparation) of the Chinese Allergy Society convened
15 experts in respirology or allergy to discuss and draft a

consensus report. This consensus offers comprehensive

Highlight box

Key recommendations

* Type 2 (T2) inflammatory respiratory diseases are a set of
inflammatory disorders in which the T2 immune response is
the main pathogenesis. In the management of T2 inflammatory
respiratory diseases, the characteristics of each type of T2
inflammatory respiratory disease and its comorbidities should
be considered to select precise treatment, especially biological

therapies targeting T2 inflammation.

What was recommended and what is new?

* Chronic respiratory diseases usually include a series of airway
diseases such as asthma, chronic obstructive pulmonary disease
and others. These diseases are heterogeneous and characterize by
chronic airway and lung inflammations involving the infiltrations
of multiple inflammatory cells and mediators. Pharmacological
treatment for chronic respiratory diseases are mainly aimed at
controlling airway inflammation (such as inhaled corticosteroids,
and leukotriene receptor antagonists), broncho-dilating (such
as long-acting beta-2-agonists and long-acting muscarinic
antagonists) and relieving acute exacerbations (such as short-acting
beta-agonists and systemic glucocorticoids).

* T2 inflammatory respiratory diseases are characterized by T2
inflammation. T2 inflammatory respiratory diseases include asthma,
a subgroup of chronic obstructive pulmonary disease, allergic
bronchopulmonary aspergillosis, eosinophilic granulomatosis with
polyangiitis, eosinophilic bronchitis, eosinophilic pneumonia, and a
subgroup of non-cystic fibrosis bronchiectasis. Therapies targeting
T2 inflammation have demonstrated high efficacy in the treatment
for T2 inflammatory respiratory diseases and their comorbidities.

What is the implication, and what should change now?

* T2 inflammation-targeted therapies show high potent in treatment
for T2 inflammatory respiratory diseases and their comorbidities.
However, there is still a lack of high-quality studies to evaluate the
clinical effects. Moreover, biologics that can effectively treat all T2

inflammatory disorders need to be explored.
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and systematic guidance to clinicians in understanding
the immune response, pathological traits, and clinical
manifestations of T2 inflammatory respiratory diseases.
Additionally, it provides guidance and rational treatment
strategies for selecting biological therapies for severe and
refractory diseases based on standardized medical therapy.
This consensus will adhere to continuous updates and
evidence-based disease management principles, ensuring
continuous supplementation and improvement in the
future.

Methods

During the development of this consensus, a literature
review group was constituted to formulate search strategies
focusing on relevant issues related to T2 inflammatory
respiratory diseases. PubMed was the leading platform to
source relevant literature published within the past decade,
commencing with the original literature referenced in
domestic and foreign guidelines as supporting evidence.
Subsequently, the search and screening process was
expanded to cover a broader range of literature. Search
items included “((Type 2 [Title/Abstract]) OR (Th2
[Title/Abstract]) OR (ILC2 [Title/Abstract])) AND
((asthma[Title/Abstract]) OR (chronic sinusitis with nasal
polyps[Title/Abstract]) OR (CRSwNP[Title/Abstract])
OR (chronic sinusitis without nasal polyps[Title/Abstract])
OR (CRSwNP[Title/Abstract]) OR (allergic rhinitis[Title/
Abstract]) OR (AR[Title/Abstract]) OR (allergic
bronchopulmonary aspergillosis[Title/Abstract]) OR
(ABPA[Title/Abstract]) OR (chronic obstructive pulmonary
disease[Title/Abstract]) OR (COPD|Title/Abstract]) OR
(Eosinophilic granulomatosis with polyangiitis[Title/
Abstract]) OR (EGPA[Title/Abstract]) OR (Eosinophilic
Bronchitis[Title/Abstract]) OR (EB[Title/Abstract]) OR
(eosinophilic pneumonia[Title/Abstract]) OR (EP[Title/
Abstract]) OR (non-cystic fibrosis bronchiectasis[Title/
Abstract])) AND ((Omalizumab[Title/Abstract]) OR
(Dupilumab[Title/Abstract]) OR (Mepolizumab[Title/
Abstract]) OR (Benralizumab[Title/Abstract]) OR
(Reslizumab|[Title/Abstract]) OR (Tezepelumab[Title/
Abstract]))”. The Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system
provided a framework for assessing the quality of evidence
and grading recommendations (11,12). Consensus was
achieved through the expert consensus meeting approach.
The consensus working group held multiple meetings to
extensively discuss the critical issues of T2 inflammatory
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Table 1 Quality of evidence grades based on the GRADE approach

Jia et al. Chinese consensus on T2 respiratory disease management

Grade Grade symbol Current definition

We are very confident that the true effect lies close to that of the estimate of the effect

We are moderately confident in the effect estimate: the true effect is likely to be close to the

estimate of the effect, but there is a possibility that it is substantially different

Our confidence in the effect estimate is limited: the true effect may be substantially different

High A
Moderate B
Low C
from the estimate of the effect
Very low D

We have very little confidence in the effect estimate: the true effect is likely to be substantially

different from the estimate of effect

GRADE, Grading of Recommendations Assessment, Development and Evaluation.

Table 2 GRADE recommendation grade

Recommendation grade Grade symbol Current definition

Strong 1

Clearly demonstrate that the advantages of the intervention measures outweigh the

disadvantages, or vice versa

Weak 2
comparable

Evidence of mixed quality indicates that the advantages and disadvantages are uncertain or

GRADE, Grading of Recommendations Assessment, Development and Evaluation.

respiratory diseases. Two rounds of anonymous voting
were carried out to facilitate the decision-making process.
In the first round, focus issues regarding immune response
mechanisms, pathophysiology, and clinical aspects were
screened. Subsequently, based on the voting outcomes of
all experts, further discussions were organized to refine
and revise the focus issues of the consensus. During the
second round, all experts reached a consensus on the
recommended opinions by referring to the GRADE grid.
The voting protocol stipulated that in case of disagreement,
a recommendation or opposition to a specific intervention
required at least 50% approval from the participants, while
the proportion of participants expressing opposing views
should not exceed 20%. Failure to meet this criterion led
to the absence of a recommendation. Notably, a strong
recommendation demanded at least 70% approval from the
participants (13) (Tables 1,2).

T2 immune mechanisms and biomarkers in the
respiratory system

T2 immunity and T2 inflammation

Based on the involvement of different effector T cells and
innate lymphoid cells ILCs), immunity can be broadly
categorized into three types: (I) type 1 immunity, which
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encompasses Thl cells, ILC1, natural killer (NK) cells,
CD8" Tel cells, and macrophages; (II) T2 immunity,
which involves Th2 cells, ILC2, and Te2 cells; (II) type 3
immunity, which comprises Th17 cells and ILC3. Besides
their functions in the usual protective processes of the body,
type 1 and type 3 immunity are predominantly associated
with autoimmune diseases, while T2 immunity is primarily
related to allergic diseases (14,15).

The T2 immune response is primarily driven by GATA-
3" transcription factors expressed in Th2 cells and ILC2.
Under normal physiological conditions, it is vital in
combating parasite infections and mitigating inflammatory
injuries (15). Moreover, epithelial-derived cytokines, such
as thymic stromal lymphopoietin (TSLP), interleukin (IL)-
25, and IL-33, can initiate or enhance the T2 immune
response, although their functions are not limited to the T2
immune response (1). Excessive activation of T2 immune
response can trigger a cascade of inflammatory reactions
known as T2 inflammation. This is characterized by the
increased synthesis and release of T2 cytokines, such as
IL-4, IL-5, and IL-13, leading to tissue infiltration by
eosinophils (EOS) and elevated levels of immunoglobulin
E (IgE), and ultimately causing various T2 inflammatory
diseases (16). Previous studies have reported an enhanced
expression of T2 inflammatory factors in bronchoalveolar
lavage fluid or other tissues of certain asthma, COPD, and

7 Thorac Dis 2025;17(4):1807-1831 | https://dx.doi.org/10.21037/jtd-2024-2092



Journal of Thoracic Disease, Vol 17, No 4 April 2025

Allergens (dust mites, pollens, fungi, etc.)

The epithelial tight
junction barrier (TJ)
leaks

a9

A
AHR, airway %
remodeling IL 4.
FeNOT
((;‘ Goblet cell hyperplasia, X
| = airway mucus Airway
2o hypersecretion, epithelial / w,
\ & basement membrane barrier
= thickening dysfunction
\_%e IL-13 \% IL-13

Disruption of AJC

Th2 cell dlfferentlatlon P
Cc2
o® IL-4 . 3
\R‘ 1 Iv

&

B Cells

Matrix metalloprotelnase

B Cell class switch/
IgE production

|gE/ Mast cells 3 B.aiophﬂs
o8 &

Interleukin, histamine, PGD, :’

1811

Environmental stimuli (viruses, bacteria, smoke, etc.)

>,

Goblet cells

\ | K,‘ \ ) ‘ &
00 [o;§j0 0/\¢0© Q @0 o:aoO ‘o oO lo oO ‘o oO 10@0 \oO !o‘

Airway epithelial cells

TSLP (=25
°o?® ‘OO

o9\

==

Eosinophil

activation in the
bone marrow

,:

S,
’ %2;,@

Eosmophlls
AN

(5

IL-13, IL-4, IL-5

Inflammatory cells infiltrate tissue

Figure 1 Mechanism of type 2 inflammatory respiratory diseases. AJC, apical junction complex; AHR, airway hyperresponsiveness; 1L,

interleukin; ILC, innate lymphoid cell; Th, helper T cell; TSLP, thymic stromal lymphopoietin; CCL, chemoattractant cytokine ligand;

TARC, thymus-activated regulatory chemokine; FeNO, fractional exhaled nitric oxide; IgE, immunoglobulin E; PGD2, prostaglandin D2.

EGPA patients, indicating their association with the T2
immune response (16-23). Additionally, the T2 immune
response also contributes to other respiratory system
diseases, including ABPA, eosinophilic bronchitis (EB),
eosinophilic pneumonia (EP), and bronchiectasis associated
with T2 inflammation.

Mechanism of T2 inflammatory respiratory diseases

In T2 inflammation, alarmins can directly activate ILC2,
stimulating the production of cytokines such as IL-5, IL-
13, and IL-9. These cytokines affect diverse cells, including
eosinophils, basophils, mast cells, and epithelial cells,
thereby facilitating the initiation of T2 inflammation (24).
At the same time, IL-13 enhances the migration of activated
dendritic cells to local lymph nodes and, in combination
with IL-4, prompts the differentiation of naive T cells (Th0)
into Th2 cells. Th2 cells secrete cytokines such as IL-4,
IL-5, and IL-13. Along with eosinophil chemotactic factors
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produced by inflammatory cells such as eotaxin-1 (CCL11),
and thymus and activation-regulated chemokine (TARC/
CCL17), they jointly promote B-cell class switching and IgE
production. Additionally, they recruit inflammatory cells,
including eosinophils, to the respiratory tract and lung
tissue. T2 cytokines also induce mast cells to generate lipid
mediators such as prostaglandin D2 (PGD?2). Furthermore,
the migration of ILC2 to the lungs is further facilitated,
ultimately resulting in the production of T2 cytokines
and establishing a mutually influential and synergistic

inflammatory loop (25-27) (Figure I).

Pathophysiology of T2 inflammatory respiratory disease

The main pathophysiological characteristics of T2
inflammatory respiratory diseases include the impairment
of the airway epithelial barrier function, infiltration of
inflammatory cells, excessive mucus secretion in the airways,
airway remodeling, and airway hyperresponsiveness (AHR)
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Table 3 Common pathophysiological of T2 inflammatory respiratory diseases

Pathophysiological characteristics IL-4 IL-13 IL-5 Role of T2 cytokines in indicated pathophysiological progression
Airway epithelial barrier dysfunction J Th2 cell differentiation
J The epithelial TJ barrier leaks
J J Disruption of epithelial AJC structures
Excessive airway mucus J Goblet cell hyperplasia
J Mucociliary dysfunction
J Excessive mucus secretion
Airway remodeling J Goblet cell hyperplasia
J Collagen deposition
J Airway smooth muscle hyperplasia
J Subepithelial fibrosis
J J  Eosinophil recruitment and trafficking to tissue
Airway hyperresponsiveness J Increased contractility of airway smooth muscle
J B-cell isotype switching and IgE production
J Mast cell activation and trafficking to tissue
J J  Participate in neuromodulation
Inflammatory cell infiltration J Eosinophil differentiation and survival
J J J  Eosinophil recruitment and trafficking to tissue

J, the check marks represent involvement of T2 cytokines IL-4, IL-13, and IL-5 in indicated pathophysiological progression. T2, type 2; IL,
interleukin; TJ, tight junction; AJC, apical connecting complex; IgE, immunoglobulin E.

(Table 3). T2 cytokines, specifically IL-4, IL-5, and IL-
13, play pivotal roles in the processes above. IL-4 and IL-
13 can impair the structure of the epithelial apical junction
complex (AJC) (28), while IL-13 disrupts the tight junction
barrier of the bronchial epithelium (29). Moreover, 1L-4
and IL-13 facilitate the recruitment of eosinophils to the
airways and lung tissues. At the same time, IL-5 promotes
the differentiation and maturation of eosinophil progenitor
cells in the bone marrow, prolongs eosinophil survival in the
airways, and activates the release of leukotrienes (LT), and
toxic granule proteins such as eosinophil cationic protein
(ECP), major essential protein, and eosinophil-derived
neurotoxin (30). IL-4 and IL-13 do not directly activate the
effector functions of eosinophils but induce eosinophilic
airway inflammation by upregulating the expression of
vascular cell adhesion molecule-1 (for adhesion) and CC
chemokine receptor 3 ligands (for migration) (31).

IL-13 is also crucial in promoting goblet cell mucus
production and airway remodeling (1). It induces the
sustained expression of mucin SAC (MUCS5AC) in human
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bronchial epithelial cells, thereby impairing mucociliary
function, leading to the obstruction of airway mucus clearance
and subsequent deterioration in lung function (32-34).
IL-13 triggers subepithelial collagen fiber deposition and
goblet cell hyperplasia and induces bronchial subepithelial
fibrosis via the transforming growth factor-beta (T'GF-B)
signaling pathway (35,36). Moreover, T2 inflammatory
factors promote eosinophil infiltration in the airways, where
eosinophils secrete TGF-p (37), stimulating epithelial cells
to produce various mediators and ultimately promoting
airway smooth muscle proliferation (38), thus contributing
to airway remodeling (39).

IL-4 and IL-13 can also induce airway smooth muscle
contraction, resulting in airway narrowing and the
development of AHR (40,41). Sensory neurons expressing
Mas-related G-protein-coupled receptors (Mrgprs) can
be stimulated by neuropeptide FF released from mast
cells, mediating bronchial smooth muscle contraction
and AHR (42,43). In addition, IL-5 can activate sensory
neurons in lung tissue, triggering the release of vasoactive
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intestinal polypeptide, which acts on CD4" T lymphocytes
and ILC2 to amplify the inflammatory response (44).
Bronchoconstriction along with increased eosinophils in the
airways after allergen challenge enhances the sensitivity of
sensory neurons to cause cough hypersensitivity (45).

Recommendation 1
T2 inflammatory respiratory diseases include asthma, a
subgroup of COPD, ABPA, EGPA, EB, EP, and a subgroup

of non-cystic fibrosis bronchiectasis (1D).

Recommendation 2

The inflammatory T2 response is mediated by Th2 cells,
ILC2, and the secretion of 12 cytokines such as IL-4, IL-5,
and IL-13, etc. The pathophysiological changes include the
disruption of airway epithelial barrier function, infiltration
of eosinophils, excessive mucus secretion in the airways,
airway wall remodeling, and AHR (1D).

Biomarkers

Currently, biomarkers such as total serum IgE (tIgE),
allergen-specific IgE (sIgE), sputum EOS, blood EOS,
and fractional exhaled nitric oxide (FeNO) help evaluate
T2 inflammation in clinical respiratory diseases. While
the Global Initiative for Asthma (GINA) defines T2
inflammatory asthma, other T2 inflammatory respiratory
diseases are not as clearly delineated (46).

Assessing tIgE and sIgE levels is crucial for evaluating T2
inflammatory diseases and predicting treatment response to
anti-IgE antibody treatment (47). Elevated levels of serum
tIgE and sIgE are observed in patients with allergic asthma
(48,49). Specific IgE is a major marker for diagnosing
allergies, while tIgE is a fundamental reference indicator for
allergic asthma and anti-IgE treatment in ABPA. Moreover,
in patients with COPD, elevated levels of tIgE and sIgE are
associated with exacerbations and lung function decline (50).
It is worth noting that IgE production is not only
characteristic of allergy but also of infection by parasitic
worms, multiple myeloma and other systemic diseases (51,52).

One of the main characteristics of T2 inflammation
is an elevation in blood and airway EOS. A sputum EOS
count of 3% or more in asthmatic individuals may indicate
their responsiveness to inhaled corticosteroids (ICS) (53).
In severe asthma, a sputum EOS count of 2% or above is
associated with persistent airflow limitation and suboptimal
asthma control (54). Among stable COPD patients, an
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increased sputum EOS count can predict a higher risk
of future exacerbations and is correlated with a positive
response to ICS (55). Additionally, studies demonstrate
that a sputum EOS count of 2% or higher is significantly
associated with diminished lung function and emphysema
severity in COPD patients (56).

There is a correlation between blood EOS count and
sputum EOS in patients with asthma (57), which can
predict outcomes such as asthma exacerbations and lung
function decline (58,59). Since 2019, GINA has included a
blood EOS count of 150/pL or higher as one of the criteria
for diagnosing T2 asthma (46). It is also recommended
as a biomarker for treating severe asthma with anti-IL-5,
anti-IL-5R, and anti-IL-4R antibodies (46). The Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
recommends considering the use of blood EOS count
(>300 cells/pL) as a reference for ICS treatment in COPD
patients (60). Additionally, it is crucial to rule out parasitic
infections, tumors, and rheumatic immune diseases when
evaluating an elevated EOS count.

FeNO is a non-invasive biomarker for T2 asthma,
featuring simplicity, rapidity, and good repeatability. GINA
suggests a FeNO level >20 ppb as a criterion for diagnosing
T2 asthma (46). Studies have revealed that FeNO
levels exceeding 47 ppb correlate with increased airway
eosinophils and steroid response, and are predictive factors
for asthma exacerbations (61,62). GINA recommends
FeNO as a biomarker for predicting the response to anti-
IL-4R (46). FeNO also emerges as a potential biomarker for
predicting increased airway eosinophils and corticosteroid
responsiveness in COPD, and its presence is associated with
an increased risk of COPD exacerbations (63,64). FeNO
is more precise than blood eosinophil count in forecasting
severe COPD exacerbations (65). Combining these two
biomarkers enhances the identification of moderate to
severe exacerbations of COPD.

Recommendation 3

Serum tIgE, sIgE, blood and sputum EOS, and FeNO can
be used to assess T2 inflammation and predict treatment
response to biologics. These tests should be performed
before starting and adjusting treatment strategies (1D).

Recommendation 4

Elevated levels of serum tIgE and blood eosinophil count
should exclude the potential impact of parasitic infections
and/or other clinical conditions (1C).
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Overview of biological therapies

Biological therapies for T2 inflammation are precise
treatments for T2 inflammatory respiratory diseases and
their comorbidities. This approach specifically blocks or
inhibits target molecules in the inflammatory pathways
of these diseases to suppress the inflammatory responses
mediated by these pathways and maximize treatment safety.

Currently, biological therapies approved by China
National Medical Products Administration (NMPA), the
Food and Drug Administration (FDA) and the European
Medicines Agency (EMA) for the treatment of asthma and
other T2 inflammatory diseases include anti-IgE antibody
(omalizumab), anti-IL-4 receptor o (anti-IL-4Ra) antibody
(dupilumab), anti-IL-5 antibody (mepolizumab) and anti-
IL-5 receptor antibody (benralizumab). Both FDA and
EMA have approved anti-TSLP antibodies (tezepelumab)
but not by NMPA. For the specific approval status,
indications, and research progress of these biologics, refer
to Tuble 4.

T2 inflammatory respiratory disease
Asthma

Asthma manifests as chronic airway inflammation and is
clinically characterized by recurrent episodes of wheezing,
shortness of breath, chest tightness, and cough. These
symptoms vary in timing and intensity and are often
accompanied by variable expiratory airflow limitation,
which may persist in some patients (46).

As a multifaceted and heterogeneous disease, asthma
has various clinical features, that are driven by different
underlying pathophysiological mechanisms. Based on
patients’ immune-inflammatory profiles, asthma can be
categorized into two main endotypes: T2 asthma and
non-T2 asthma (66-71) (Figure 2). According to the
inflammatory classification, T2 asthma includes allergic
asthma, eosinophilic asthma, and other mixed inflammatory
endotypes/phenotypes (elevated T2 biomarkers such as
FeNO) (71).

The exact prevalence of T2 asthma is unclear. A
pathological study using the expression of T2-associated
transcripts in bronchial brushings indicated that
approximately 50% of mild to moderate asthma cases can
be classified as T2 asthma (72). The prevalence of this
endotype is even higher among severe asthma cases (18,73).
In China, around 56-76% of adults with severe asthma and
80% of children with asthma are classified as T2 asthma

© AME Publishing Company.
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(74,75).

Severe asthma is “astbma which requires treatment with bhigh
dose ICS plus a second controller (and/or systemic corticosteroids)
to prevent it from becoming ‘uncontrolled’ or which remains
‘uncontrolled’ despite this therapy” (76). Uncontrolled asthma
defined as at least one of the following (77): (I) poor
symptom control: Asthma Control Questionnaire (ACQ)
consistently >1.5, Asthma Control Test (ACT) <20 (or
“not well controlled” by NAEPP/GINA guidelines). (II)
Frequent severe exacerbations: two or more bursts of systemic
corticosteroid (3 days each) in the previous year. (III) Serious
exacerbations: at least one hospitalization, intensive care unit
(ICU) stay or mechanical ventilation in the previous year.

Role and assessment of T2 inflammation in asthma

T2 asthma is driven by Th2 cells and ILC2 (78). The
detailed mechanisms and key pathophysiological features
are respectively shown in Figure 1 and Table 3. Elevated
levels of downstream biomarkers such as FeNO, serum IgE,
and EOS in sputum and blood are also associated with this
asthma endotype (78).

According to the latest GINA report, T2 asthma can be
identified by meeting any one of the following criteria (46):
(D) blood EOS count 2150/uL; (II) FeNO 220 ppb; (IIT)
sputum EOS count >2%; (IV) asthma is clinically allergen-
driven. Individuals taking oral corticosteroid (OCS) should
discontinue their use or maintain the lowest dose for
1-2 weeks before re-testing blood EOS count, serum
tlgE or sIgE, and FeNO for reassessment because of the
potential suppressive effect of OCS on these parameters.

Biological treatment of T2 asthma
Typically, asthma medications are categorized into
controller medications and reliever medications. Controller
medications commonly include ICS, leukotriene modifiers,
inhaled long-acting beta-2-agonists (LABA), inhaled long-
acting muscarinic anticholinergics (LAMA), sustained-
release theophylline, or sodium cromoglycate. Reliever
medications commonly comprise inhaled short-acting
beta2-agonists, inhaled short-acting anticholinergics, short-
acting theophylline, and systemic steroids. Recently, GINA
2024 recommended low-dose ICS-formoterol being taken
as maintenance-and-reliever therapy rather than as-needed-
only (46). Additionally, for severe asthma unresponsive
to medium to high-dose ICS/LABA therapy, LAMA, and
biologics are the main additional therapeutic choices (79).
The biologics currently used for treating T2 asthma
include omalizumab, dupilumab, mepolizumab,
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Figure 2 Phenotypes, endotypes, and mechanisms of asthma. IL, interleukin; ILC, innate lymphoid cell; Th, helper T cell; TSLP, thymic

stromal lymphopoietin; CXCL, chemokine (C-X-C motif) ligand; ROS, reactive oxygen species; IFN-y, interferon-y; TNF-a, tumor

necrosis factor-a; PGD2, prostaglandin D2; CRTH2, chemokine receptor expressed on Th2 cells.

benralizumab, and tezepelumab (46). The phase 3 clinical
studies conducted have demonstrated the effectiveness of
omalizumab (80-84), dupilumab (85-89), mepolizumab
(90-93), benralizumab (94-98) and tezepelumab (99-101)
in reducing acute exacerbations, improving lung function,
and controlling asthma in patients with T2 asthma.
Furthermore, they have shown the ability to enhance the
quality of life and exhibit favorable tolerability and safety
profiles (46) (Tuble 5).

Recommendation 5

For patients with uncontrolled moderate to severe allergic
asthma, anti-IgE (omalizumab) is recommended as add-on
treatment (1A).

Recommendation 6

For patients with moderate to severe T2/eosinophilic
asthma, or requiring maintenance OCS, anti-IL-4Ra
(dupilumab) is recommended as add-on treatment (1A).

Recommendation 7

For patients with severe eosinophilic asthma, anti-IL-5/5Ra
(mepolizumab or benralizumab) is recommended as add-on
treatment (1A).

Recommendation 8
For patients with uncontrolled severe asthma, anti-TSLP
(tezepelumab) is recommended as add-on treatment (1A).

COPD

COPD is a heterogeneous lung condition characterized
by chronic respiratory symptoms (dyspnea, cough, sputum
production, and/or exacerbations) due to abnormalities
in airways (bronchitis, bronchiolitis) and/or alveoli
(emphysema), causing persistent and often progressive
airway obstruction (102). COPD can progress to cor
pulmonale and respiratory failure, leading to increased
morbidity and mortality rates. COPD results from gene
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Table 5 Recommendations of biologics for asthma treatment
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Target Biological agents Indications

Eligibility

Clinical efficacy

IgE Omalizumab Patients aged =6 years with
(80-84) moderate to severe allergic
asthma
IL-4R  Dupilumab Patients aged =6 years
(85-89) with moderate-severe type

IL-5 Mepolizumab

2 uncontrol asthma, or
requiring treatment with
maintenance OCS

Patients aged =6 years with

Positive on skin prick
testing or sIgE. tlgE and

weight within dosage range.

Exacerbations in last year

Exacerbations in last year.
Blood EOS >150/pL and
<1,500/pL. Or FeNO

>25 ppb, or taking
maintenance OCS

Exacerbations in last year.
Blood EOS >150/uL

Exacerbations in last year.
Blood EOS =300/uL

Reduce asthma exacerbations; improve lung
function and asthma control; enhance the quality of
life; reduce OCS use

Reduce asthma exacerbations; improve lung
function; improve asthma control; enhance the
quality of life; reduce OCS use; achieve sustained
clinical benefits through long-term treatment (up to
96 weeks)

Reduce asthma exacerbations; improve lung
function; improve asthma control and the quality of
life; reduce OCS use

Reduce asthma exacerbations; reduce OCS use;
enhance the quality of life; achieve sustained clinical

(90-93) severe eosinophilic asthma
IL-5R  Benralizumab Patients aged =12 years
(94-98) with severe eosinophilic
asthma
TSLP  Tezepelumab Patients aged =12 years

(99-101) with severe asthma

Exacerbations in last year

benefits through long-term treatment (up to 5 years)

Reduce asthma severe exacerbations; improve
quality of life, lung function; achieve sustained
clinical benefits through long-term treatment (up to
104 weeks)

EOS, eosinophil; FeNO, fractional exhaled nitric oxide; OCS, oral corticosteroids; IgE immunoglobulin E; sIgE, allergen-specific IgE; tIgE,

total serum IgE; IL, interleukin; TSLP, thymic stromal lymphopoietin.

(G)-environment (E) interactions throughout an individual’s
lifetime (T) (102), which can damage the lungs and/
or alter their normal development/aging processes. The
main exposures are tobacco smoking and inhalation of
toxic particles and gases from both household and outdoor
sources (102). Between 1990 and 2019, 46.0% of the
disability-adjusted life years due to COPD were caused by
smoking across 204 countries and regions worldwide (103).
Meanwhile, the odds ratio of risk factors for COPD
smoking exposure 20 pack-years or more in China was 1.95
[95% confidence interval (CI): 1.53-2.47] between 2012
and 2015 (104).

Role and assessment of T2 inflammation in COPD

The inflammatory response in COPD is diverse (105), with
a subgroup (up to 40%) of patients having a predominant
T2 inflammatory response (106). When airway epithelial
cells are stimulated by harmful stimuli such as smoke,
allergens, bacteria or viruses, T2 immune response is
activated (107). A persistent excessive response leads
to the development of COPD (107). COPD with T2
inflammation typically exhibits increased blood EOS,
elevated FeNO, higher rates of exacerbation, greater
bronchodilator reversibility, and a higher prevalence of

© AME Publishing Company.

asthma-like symptoms (65,108). However, standardized
diagnostic criteria for COPD with T2 Inflammation have
yet to be established, and most studies rely on elevated EOS
in blood and/or sputum. Nearly 37% of COPD patients
exhibit persistently elevated blood EOS (>2%) (109), and
approximately 15-33% show persistent blood EOS >300/pL.
(106,109).

Biological therapy of COPD

To date, various biologics have been explored in treating
COPD with T2 inflammation, and only anti-IL-4Ra
(dupilumab) has displayed promising results. Two phase 3
clinical trials, namely the BOREAS study and the NOTUS
study, investigating the efficacy and safety of dupilumab in
moderate to severe COPD patients with T2 inflammation
(blood EOS =300 cells/pL) and a history of relevant
exacerbations have been completed. The BOREAS (110)
and NOTUS (111) studies demonstrated a 30% and
34% reduction, in the annual rate of moderate or severe
exacerbations over 52-week treatment with dupilumab
compared to placebo. Moreover, dupilumab significantly
improved forced expiratory volume in 1 second (FEV)),
symptoms, and health-related quality of life compared
to placebo, and these benefits persisted up to 52 weeks
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(110,111). Recently, a real-world study from China further
indicated that dupilumab combined with triple inhaled
therapy can enhance pulmonary function, alleviate allergic
symptoms, attenuate 12 inflammatory biomarker levels,
and improve quality of life of COPD patients with T2
inflammation (112).

Several large phase 3 studies have investigated the
efficacy of anti-IL-5 and anti-IL-5R such as mepolizumab
and benralizumab in patients with moderate to severe
COPD (113,114). However, these two biologics were not
consistently shown to have lower annual rates of moderate or
severe exacerbations compared to placebo among patients
with COPD and an eosinophilic phenotype (113,114).
The efficacy and safety of monoclonal antibody against the
upstream alarmin IL-33 and TSLP, such as itepekimab,
tozorakimab, astegolimab, and tezepelumab, in COPD
patients are currently under investigation (115,116).

Recommendation 9

For patients with uncontrolled COPD who still have
exacerbation risk despite being treated with ICS + LABA +
LAMA, and having T2 inflammation (e.g., blood eosinophil
>300/pL), anti-IL-4Ra (dupilumab) is recommended as
add-on treatment (1A).

ABPA

ABPA is an allergic lung disease caused by the colonization
of Aspergillus fumigatus (AF) spores in the airways of
susceptible individuals. Its main clinical manifestations
include asthma-like symptoms and bronchiectasis,
frequently accompanied by pulmonary imaging findings
of wandering pulmonary shadows or mucus obstruction
(117,118). ABPA is often misdiagnosed as bronchial asthma.
Retrospective studies indicate that 93% of Chinese ABPA
patients have asthma symptoms (119).

Role and assessment of T2 inflammation in ABPA

The inhalation of fungal conidia-triggered T2 immune
response is regarded as the primary pathogenesis of ABPA.
Its main pathophysiological features include increased
production of T2 cytokines IL-4, IL-5 and IL-13, leading
to elevated serum tIgE level, the synthesis of AF sIgE and
IgG, goblet cell metaplasia, mucus deposition in the airways,
and aggregation of Th2 cells and EOS in the lungs (120).
Persistent inflammation and tissue damage contribute to
the development of bronchiectasis, which may progress to
pulmonary fibrosis and respiratory failure (121).

© AME Publishing Company.
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Elevated levels of T2 inflammation biomarkers serve
as important diagnostic criteria for ABPA. The critical
values are serum AF sIgE >0.35 kU/L, tIgE >1,000 U/mL,
and EOS count >0.5x10°/L (117). A recent Chinese
study identified the optimal diagnostic efficiency with a
critical AF sIgE of 4.108 kU/L and a critical EOS count of
0.815x10%/L (122).

Biological therapy of ABPA

The principles of ABPA therapy are to control inflammation,
minimize exacerbations, reducing fungal burden and prevent
the progression of lung damage. The standard treatment
comprises systemic corticosteroids and antifungal therapy.
Currently, OCS is preferred for managing ABPA, while ICS
is commonly used to alleviate asthma symptoms in ABPA
patients (117,121).

Biological therapies have been reported as adjunctive
treatments for ABPA. Recently, a comprehensive systematic
review and meta-analysis has been conducted, including
all available studies measuring the effects of four biologics,
omalizumab, dupilumab, mepolizumab, and benralizumab,
for treating ABPA (123). Among these biologics,
omalizumab has been the most extensively studied. A small-
scale randomized controlled trial (RCT) study has shown
that omalizumab can significantly reduce exacerbation
rates and OCS dosages and improve lung function in the
treatment of ABPA (124). The other three biologics, mainly
reported in case series or case reports, all demonstrated
clinical benefits in ABPA patients (123). However, due to
limited evidence in ABPA patients, the efficacy and safety of
biologics need further validation through large-scale RCTs.

Recommendation 10
Anti-IgE (omalizumab) are recommended as an optional
treatment strategy for ABPA, considering the availability
and affordability (1B).

EGPA

EGPA is a rare autoimmune disease that affects multiple
body systems. Its main manifestations are increased
EOS in blood and tissue and infiltration and necrotizing
granulomatous inflammation of small and medium-sized
vessels. Except for serum antineutrophil cytoplasmic
autoantibodies (ANCA), EOS is also a key player in the
disease’s development. Nearly all EGPA patients have an
allergic background, with over 96% presenting with asthma
and/or sinusitis. In the advanced stages, EGPA can involve
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multiple tissues and organs throughout the body (125,126).

Role and assessment of T2 inflammation in EGPA

The main driver of EGPA is CD4" T cells, especially those
of the Th2 subtype. T2 cytokines like IL-4, IL-5 and IL-13
are pivotal in the tissue inflammatory response induced by
EGPA (126,127). It is estimated that only 40% to 60% of
EGPA patients are ANCA-positive. ANCA-positive patients
may exhibit more vascular disease features, such as purpura,
neuropathy, pulmonary-renal syndrome, while ANCA-
negative patients may present more EOS-driven symptoms,
like pulmonary infiltrates and cardiomyopathy (127,128).

Biological therapy of EGPA

In current clinical practice, EGPA is commonly treated
with OCS and immunosuppressants. Although OCS can
effectively relieve symptoms, EGPA tends to relapse when
OCS is tapered or discontinued (125). With the wide
application of biologics, several studies have demonstrated
the efficacy of therapies targeting T2 inflammatory
pathways. A phase 3 clinical trial (129) has shown that
mepolizumab can improve the remission rates of EGPA,
reduce recurrence, and decrease OCS dosages compared to
placebo, leading to its FDA approval for EGPA treatment.
Recently, an evidence-based guideline recommends adding
mepolizumab in combination with glucocorticoids for
remission maintenance in patients with severe EGPA or
those with relapsing-refractory EGPA without organ- or
life-threatening manifestations (130). An observational
study (131) suggests that a regimen based on sequential
rituximab (a monoclonal antibody targeting CD20, a
protein found on the surface of B cells) and mepolizumab
might be effective to induce and maintain remission of
both systemic and respiratory EGPA manifestations. A
retrospective cohort study suggests that benralizumab
could be an effective treatment for EGPA in real-life
clinical practice (132). Recently, a head-to-head phase 3
trial (MANDARA) evaluated the efficacy and safety of
benralizumab in comparison to mepolizumab and revealed
that benralizumab was non-inferior to mepolizumab for
the induction of remission in patients with relapsing or

refractory EGPA (133).

Recommendation 11

For patients with non-severe EGPA undergoing
immunosuppressive therapy or on low-dose oral
glucocorticoids and experiencing non-severe recurrence, it

© AME Publishing Company.
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is recommended to add mepolizumab or benralizumab as a
combination therapy (1B).

EB

EB is a common underlying cause of chronic cough,
usually triggered by exposure to dust, oil smoke and other
harmful stimuli (134). EB presents with chronic cough
and sputum eosinophilia, but without the abnormalities of
airway function seen in asthma (135). Some patients may
present AR (136), while their respiratory system physical
examination usually reveals no significant abnormalities, the
chest X-ray and pulmonary ventilation function are normal,
and the bronchial provocation test is negative (134).

Role and assessment of T2 inflammation in EB

EB is a disease driven by T2 inflammation. Besides the
increased level of airway EOS, airway mucosal biopsies in
EB patients also reveal elevated levels of T lymphocytes,
mast cells and ILC2, as well as increased levels of
inflammatory mediators and T2 cytokines such as histamine,
LT, IL-4, IL-5 and ECP. These factors contribute to airway
mucus secretion, plasma exudation, and inflammatory cell
infiltration (137,138). A sputum EOS count of >2.5% is a
necessary diagnostic criterion for EB (139). Additionally, a
FeNO level of >32.5 ppb is helpful for the clinical diagnosis
of EB (140).

Biological therapy of EB

The primary treatment for EB is anti-inflammatory therapy,
commonly employing ICS (141), and long-term OCS
therapy is seldom necessary (142). Brightling ez /. have also
described a patient with EB who developed fixed airflow
obstruction in association with prolonged uncontrolled
eosinophilic airway inflammation (143). Others have
speculated that EB is an early stage in the development of
an asthma phenotype (144). Currently, biologics for EB
treatment are still in the clinical trial phase. Early studies
of mepolizumab (NCT00292877) (145) have demonstrated
its efficacy in controlling specific clinical symptoms of
EB, offering a novel approach to treat EB. However,
no data is available on the recurrence of EB after drug
discontinuation, and further long-term studies are required
to assess the clinical effect of biological therapy.

Recommendation 12
Biological therapy is not recommended for EB patients due to
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insufficient RCT evidence and limited real-world studies (1D).

EP

EP is characterized by substantial infiltration of EOS in
the lung parenchyma or alveoli and is classified into acute
EP (AEP) and chronic EP (CEP) (146). The onset of AEP
is rapid, typically within a few days to a few weeks. The
main clinical manifestations of AEP are acute fever and
dyspnea, which may be complicated by respiratory failure
and the rapid emergence of pulmonary shadows. The age
of onset of most AEP patients is about 20 years old, which
is often related to smoking (147). Blood EOS levels may
be normal in AEP. Early diagnosis and timely treatment
can lead to rapid remission of symptoms and rare relapse
(146-150). The onset of CEP is insidious, chronic, and
progressive, featuring common symptoms such as cough
and dyspnea, with respiratory failure being rare. Most
CEP patients are between 30 and 50 years old, and less
than 10% of CEP patients are smokers (149). Blood EOS
can increase significantly in the early stage of CEP, and
nearly one-third of patients may exhibit specific imaging
manifestations known as the “pulmonary edema reversal
sign”. Approximately two-thirds of patients have a history
of allergic asthma and respond well to glucocorticoids but
are prone to relapse (150,151).

Role and assessment of T2 inflammation in EP

Existing evidence suggests that AEP is a disease related to
T2 inflammation. After inhalation or exposure to tobacco
and other antigens, alveolar or epithelial damage triggers
inflammatory signals. It enhances the secretion of IL-33,
IL-25 and TSLP, thereby activating a T2 inflammatory
response and leading to the activation and recruitment of
EOS in the lung (146). Because most patients with AEP
have no peripheral eosinophilia, detailed disease history
and computed tomography images comprise cues to suspect
AEP (146).

Biological therapy of EP

Currently, OCS remains the primary treatment for EP
and is usually adequate for most patients, with treatment
durations typically ranging from 6 to 12 months (146).
However, over 50% of CEP patients have relapses and
require recurrent OCS therapy (146). Considering the
potential serious adverse reactions associated with the long-
term use of OCS, alternative treatments involving ICS and
biological therapies are being evaluated. However, most of

© AME Publishing Company.
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these alternative treatments are mainly supported by case
reports (152,153), and solid evidence is still lacking. Further
RCT and real-world studies are required to investigate
biologics’ indications, effectiveness, and safety in CEP
treatment.

Recommendation 13
Biological therapy is not recommended for EP patients due to
insufficient RCT evidence and limited real-world studies (1D).

Non-cystic fibrosis bronchiectasis

Non-cystic fibrosis bronchiectasis is a recurrent suppurative
infection disease caused by various factors, resulting in
repeated damage and/or obstruction of small and medium
bronchi, structural destruction of bronchial walls, and
persistent bronchiectasis. Its clinical manifestations include
chronic cough, expectoration, intermittent hemoptysis, and
possibly dyspnea or respiratory failure (154). Traditionally
viewed as a neutrophil-dominated chronic airway
inflammatory disorder, bronchiectasis has recently garnered
attention for the potential of eosinophils involved in its
pathogenesis. A European study indicated approximately
30% of patients exhibit sputum EOS >3% (155), while
a European multi-cohort study (156) demonstrated
that 22.6% had blood EOS levels >300/pL. By defining
eosinophilic bronchiectasis with blood EOS >300/puL or
FeNO >25 ppb as T2 inflammatory bronchiectasis, roughly
31% of patients have been classified under this subtype.
These patients typically suffer from more severe dyspnea,
worse lung function, and poorer quality of life (157).

Role and assessment of T2 inflammation in non-cystic
fibrosis bronchiectasis

Eosinophilic bronchiectasis patients typically exhibited
elevated FeNO and sputum IL-13 levels, and enhanced
responsiveness to bronchodilators (155). Blood EOS >300/pL
in bronchiectasis patients has been associated with
Streptococcus and Pseudomonas infections (155). Pseudomonas
aeruginosa (PA), a prevalent opportunistic pathogen,
secretes redox-active exotoxins like pyocin, inhibiting
Th1 response and promoting Th2-driven inflammation.
Additionally, PA-secreted toxins, such as elastase B,
may activate the expression of epithelial amphiregulin,
contributing to T2 inflammation (158,159). These findings
suggest that T2 inflammation is important in bronchiectasis
onset and progression. Furthermore, bronchiectasis
frequently co-occurs with diseases marked by enhanced T2
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inflammation, including asthma, ABPA, and CRSwNP (159).
However, a unified diagnostic criterion for T2 inflammatory
bronchiectasis remains elusive.

Biological therapy of non-cystic fibrosis bronchiectasis
The application of biologic therapy in bronchiectasis
remains in the nascent stages of exploration. Currently,
multiple T2 inflammatory biologics, omalizumab,
dupilumab, mepolizumab, benralizumab, and reslizumab,
are being evaluated for potential therapeutic benefits in
managing bronchiectasis. Though several case reports and
retrospective studies hinted at their ability to reduce acute
exacerbations, decrease blood and sputum EOS levels,
and minimize OCS dosages or shorten their durations in
asthmatic patients with bronchiectasis, comprehensive
large-scale studies are necessary to confirm these
observations (160,161). Specifically, biological therapies
for bronchiectasis alone are underrepresented in current
research, with a notable exception being the ongoing
MAHALE study (NCT05006573) investigating the efficacy
of benralizumab in non-cystic fibrosis bronchiectasis. The
results of this study remain unpublished (162).

Preliminary indications indicate a therapeutic promise
for biological therapies in bronchiectasis, yet several hurdles
impede their widespread implementation. Establishing
a standardized classification system for bronchiectasis-
associated airway inflammation is paramount to optimizing
tailored therapeutic strategies. The current lack of such
a framework poses challenges in selecting the most
suitable treatment approach. Furthermore, the intricate
pathogenesis of bronchiectasis remains largely elusive,
underscoring the need for continued exploration into
the intricacies of the associated airway inflammation,
particularly the T2 predisposition.

Recommendation 14

Biological therapy is not recommended for non-cystic
fibrosis bronchiectasis patients due to the lack of current
RCT evidence and limited real-world studies (1D).

Comorbidities associated with T2 inflainmatory vespivatory
disease

Epidemiology and mechanisms

T2 inflammatory respiratory diseases frequently coexist
with a myriad of other T2 inflammatory conditions,
including both lower (asthma, COPD and ABPA) and upper
(AR and CRSwNP) respiratory disorders, nonsteroidal
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anti-inflammatory drugs (NSAID)-exacerbated respiratory
disease (NERD), aspirin-exacerbated respiratory disease,
and non-respiratory co-morbidities such as atopic dermatitis
(AD), eosinophilic esophagitis (EOE), ocular diseases, other
gastrointestinal disorders, food allergies and others (163).
Patients with T2 inflammatory respiratory disease and
comorbidities experience significantly intensified symptoms,
more frequent exacerbations, prolonged hospitalization,
and escalated healthcare cost compared to those without
comorbidities (164,165). This heightened disease burden
is further compounded by an increased reliance on OCS
(166,167). Surveys indicate that over 59% of patients
harbor more than two comorbidities, which significantly
diminish their quality-of-life regardless of severity (168).
The prevailing evidence underscores the pivotal role of T2
inflammation in these respiratory diseases. Patients may
manifest one or more clinical features of T2 inflammation,
including elevated serum levels of tIgE and sIgE, and
increased EOS in blood or tissue (1).

Biological therapy on the comorbidity of T2
inflammatory respiratory diseases
Currently, large-scale clinical studies on the comorbidity
of T2 inflammatory respiratory diseases are scarce.
Most studies have predominantly focused on asthma
comorbidities, such as asthma co-occurring with AR,
CRSwNP, AD, and COPD. Among these, the asthma-
CRSwNP interplay has garnered attention. Real-world
investigation into the co-existence of CRSwNP and asthma
has demonstrated the effect of omalizumab, dupilumab,
mepolizumab, and benralizumab to alleviate both asthma
and nasal symptoms (169-173). Statistically significant
changes were achieved after 4- or 6 months treatment
(170,171). Furthermore, a post-hoc analysis across five
phase 3 studies revealed the significant impact of dupilumab
in improving asthma, sinusitis, and AD symptoms (174).
The analysis also mentions that improvements with
dupilumab are rapid and continue beyond the first months
of treatment (174). Similarly, in asthma coexisting with AR,
a post-hoc analysis of phase 3 study underscored dupilumab’s
effectiveness in reducing asthma exacerbations, enhancing
lung function, and improving the quality-of-life scores
related to rhinoconjunctivitis (175). In addition, in cases of
asthma comorbid with COPD, a single-center retrospective
study pointed to mepolizumab’s benefits in reducing EOS,
exacerbation frequency, OCS dosages, and enhancing lung
function after 6 months treatment (176).

Strategies to block T2 inflammatory mediators correlate
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with favorable outcomes across various T2 inflammatory
diseases. In particular, omalizumab has been proven effective
in asthma, CRSwNP, and chronic spontaneous urticaria.
Dupilumab, on the other hand, exhibits therapeutic
value in asthma, COPD, CRSwNP, AD, and EOE (177).
Mepolizumab and benralizumab similarly show efficacy
in asthma, CRSwNP, and EGPA (129,170,171). Thus,
in managing multi-system T2 inflammatory respiratory
diseases and non-respiratory co-morbidities, it is imperative
to consider the involvement of different systems that can
guide the selection of the most appropriate biological
therapy.

Multidisciplinary management of comorbidities

Managing T2 inflammation-related comorbidities often
requires a multidisciplinary approach. Implementing a
multi-disciplinary treatment model is recommended to
effectively manage these comorbidities of T2 inflammatory
respiratory diseases and formulate personalized diagnosis

© AME Publishing Company.

and treatment plans for patients. Multidisciplinary
management also can improve patients’ comprehension of
their conditions, promote treatment adherence, enhance
self-management skills, and ultimately boosting their
quality of life. Establishing multidisciplinary care teams
also guarantees patient-centered care, optimizes direct
and indirect outcomes, reduces costs, and facilitates more
appropriate treatment decisions (178,179). However,
the specific model and future development directions of
multidisciplinary management in China still require further
exploration and improvement (Figure 3).

Recommendation 15

In treating T2 inflammatory respiratory diseases, it is
recommended to consider a multidisciplinary evaluation
of related comorbidities based on the patient’s clinical
manifestations. This evaluation should include assessments
of comorbidities, biomarkers, the impact on quality of life,
and the utilization of currently-available medications (1D).
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Recommendation 16

When selecting T2 inflammation-targeted therapies,
the preferred initial biologics should target the disease
that most significantly impacts the quality of life and be
consistent with the approved indications. The efficacy of
biologics should be evaluated 4 to 6 months after treatment
by assessing clinical outcomes (1A).

Perspectives

This is the first Chinese expert consensus aimed at guiding
Chinese clinicians in the treatment and management of
T2 inflammatory respiratory diseases. Despite progress,
there are limitations with current biomarkers, and no single
biologics can effectively cure all T2 inflammatory disorders.
However, ongoing research on pathophysiological
mechanisms and treatment approaches offers hope for
developing new biomarkers. These emerging markers aim
to improve the accuracy of diagnosis and management of
T2 inflammatory respiratory diseases. Recent studies have
identified several potential biomarkers for T2 inflammation,
including dipeptidyl peptidase-4 (DPP-4), volatile organic
compounds in exhaled breath, the percentage and count
of ILC2 in peripheral blood, ECP, eosinophil derived
neurotoxin (EDN), CCL11, and mas-related G protein-
coupled receptor X2 (MRGPRX2), as well as protein S
chemokines or inflammatory mediators (180-184). RNA
quantification of IL-4, IL-5, and IL-13 gene expression in
induced sputum may also help identify T2 inflammation,
more precisely (18,185).

Other biologics targeting T2 inflammation are being
investigated. These may include anti-IL-9, anti-IL-25,
anti-IL-33, anti-TSLP, bispecific anti-IL-13/TSLP (186),
and other antibodies. Tezepelumab is an investigational
human IgG2 monoclonal antibody that binds to TSLP,
which is now available in North America and Europe.
Other types of biological agents include prostaglandin
D2 receptor (DP2/CRTH?2) antagonists, anti-GATA C3
antibodies, JAK inhibitors, BTK inhibitors and anti-OX40L
antibodies (187-190). However, given that T2 inflammatory
respiratory disease is systemic, with persistent abnormal
levels of inflammatory cells and factors as the main driver,
questions arise as to whether T2 inflammation-targeted
agents could replace current basic respiratory therapy as the
primary systemic treatment. Also, can we target a broader
spectrum of mild-to-moderate patients instead of only those
with severe conditions? These questions require further
exploration, but individualized and precise treatment will
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inevitably shape the future development direction in this
field.

Conclusions

T2 inflammatory respiratory diseases are characterized by
T2 inflammation. T2 inflammatory respiratory diseases
include asthma, a subgroup of COPD, ABPA, EGPA, EB,
EP, and a subgroup of non-cystic fibrosis bronchiectasis.
T2 inflammation-targeted therapies show high potent in
treatment for T2 inflammatory respiratory diseases and
their comorbidities. However, there is still a lack of high-
quality studies to evaluate the clinical effects. Moreover,
biologics that can effectively treat all T2 inflammatory
disorders need to be explored.
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