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Burden of Asthma in Taiwan

J Formos Med Assoc 2003;102(8):534-8. 

Age-adjusted 
mortality rate 

Ma YC, PLoS One. 2015 Oct 20;10(10):e0140318.

Aged ≥18 years enrolled in the 
National Health Insurance program

The crude annual prevalence of 
adult diagnosed asthma in Taiwan

7.57%

2000 - 2011 

11.53%



Sun HL, Allergy and asthma proceedings 2008;29(2):177-81. 

Health care utilization and costs of adult asthma in Taiwan 

95,110 patients, 18 –55 years old,  
he National Health Insurance Research Database
January 1 to December 31, 2002. 
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台灣成人氣喘 

診療指引 

1 

Taiwan Guideline for Adult Asthma

TSPCCM Taiwan Society of Pulmonary and Critical Care Medicine collaborated with  

Cochrane Taiwan, following The 

GRADE approach (Grading of Recommendations Assessment, Development and Evaluation) 

Published in July 2018

Committee for Severe Asthma Consensus (2019) 



治療後氣喘仍控制不佳 

吸入劑使用、 藥物順從性 

重新確認氣喘診斷 

危險因子/共病症 

考慮升階治療 

轉診至專科醫師進行評估 

上方流程圖呈現常見的臨床議題， 但處理順序可依醫療資源和臨床狀況進行調整 

29 
Global Initiative for Asthma. 2017 GINA Report, Global Strategy for Asthma Management and Prevention. 

Approach for Uncontrolled Asthma

Compliance

Diagnosis

Co-morbidity

Step-up

Referral

Pocket guide for Inhalers
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Sputum Type 2 Gene Expression in Patients with Asthma Receiving ICSs

T2-high
steroid-insensitive 

or -resistant

Severe Asthma
Non-severe Asthma

T2-low
steroid-sensitive



Severe asthma

Inhaled Corticosteroid (ICS)

Taiwan consensus
The diagnosis should be retrospective made after 

3-6 months of optimized treatment 
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infl ammatory process is associated with mucus 
hypersecretion, airway wall remodelling, and airway 
hyper-responsiveness, which may all contribute to 
chronic airway obstruction. One important initiating 
component is the airway epithelium, along with 
dendritic cells and airway macrophages, responding to 
external environmental factors such as allergens, 
pollutants, and infectious agents (eg, viruses). This 
initial response leads to the transmission of signals to 
other cells such as T cells, B cells, and mast cells, with 
activation of airway structural cells such as airway 
smooth muscle cells, mucus goblet cells, and fi broblasts8 
(fi gure 1). Cytokines are important in the promotion of 
chronic airway infl ammation and remodelling9,10 by their 
actions on infl ammatory and structural cells and by 
aff ecting and promoting cell–cell interactions.11,12 
T-helper-2 (Th2) cells and type 2 innate lymphoid cells 
(ILC2s) are now recognised as important cells underlying 

allergic eosinophilic asthma. They produce 
interleukins 4, 5, and 13, which leads to an increase in 
IgE production and eosinophilic infl ammation, whereas 
innate immune cytokines such as interleukins 1, 25, and 
33, and thymic stromal lymphopoietin (TSLP) released 
from airway epithelial cells can activate Th2 cells or 
ILC2s, or both.9

The heterogeneity of asthma has long been recognised, 
both in terms of clinical outcomes and response to 
available treatments. Unsupervised clustering methods 
with use of clinical features and infl ammatory biomarkers 
have identifi ed phenotypes described by asthma control 
and severity, age of onset of disease, obesity, and sputum 
eosinophil count.13,14 This phenotypic diversity can be 
accounted for by diff erent infl ammatory mechanisms 
underpinned by diff erent molecular pathways.15 Because 
Th2 cells have been recognised as an important part of the 
mechanisms underlying asthma, a Th2-high asthma has 

Figure 1: Pathophysiological mechanisms underlying severe asthma and targets for anti-interleukin therapy

Interactions between environmental factors and innate and adaptive immune and infl  ammatory responses are initiated at the level of the airway epithelium, in 
particular alveolar macrophages and dendritic cells, with the release of TSLP, interleukin 33, and interleukin 25 from the airway epithelium. Generation of Th2 cells 

and ILC2s leads to the elaboration of interleukins 4, 5, and 13, which are important for the generation of an allergic eosinophilic infl ammation with eosinophil 

recruitment and activation, and the production of IgE. Activation of Th1 and Th17 cells can also be a feature of asthma, possibly contributing to neutrophilic 
infl ammation. Airway wall remodelling and repair driven by epithelial-mesenchymal transformation and the eff ects of interleukins on airway structural cells such as 

airway smooth muscle cells and epithelial cells contribute to chronic airfl ow obstruction and bronchial hyper-responsiveness. Targets for interleukin intervention 

against interleukins 4, 5, and 13 have included GATA3 in Th2 and ILC2 cells and antibody-directed inhibition against each individual interleukin or against relevant 
receptors such as interleukin 4Rα or interleukin 5Rα. ILC2=type 2 innate lymphoid cells. TCR=T-cell receptor. Th1=T-helper-1 cell; Th2=T-helper-2 cell. 

Th17=T-helper-17 cell. TFGβ=transforming growth factor β. TNFα=tumour necrosis factor α. TSLP=thymic stromal lymphopoietin. 

GM-CSF=granulocyte-macrophage colony-stimulating factor. 
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LAMA? 
(tiotropium)



LAMA (Tiotropium) 
should be considered before using biologics

GRADE 1A

Taiwan Asthma Guideline, TSPCCM, 2018

The Role of Tiotropium in Acute Exacerbation for Severe Asthma



Phenotype-guided therapy for Severe Asthma

Taiwan Asthma Guideline, TSPCCM, 2018

Severe Allergic Severe Eosinophilic Pauci-imflammatory Severe Neutrophilic

Type 2 Inflammtion



Asthma exacerbation

Anti-IgE therapy in Severe Allergic Asthma

Perennial
aeroallergensAnti-IgE

(Omalizumab)

Binds to free IgE, 
reducing 

cell-bound IgE

Reduces 
high-affinity 

receptors

Reduces
mediator 
release

Reduces asthma 
exacerbations and 

symptoms
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Omalizumab

Taiwan NHI Payment Guidelines

1. Severe persistent asthma

2. Non-smoker
3. Asthma history or PFT-

documented asthma

4. High dose ICS + 2nd controller

5. uncontrolled in 4 weeks

6. Total IgE : 30~1300IU/mL



Mean duration 243.8±265.4 days 

Efficacy of omalizumab in patients with moderate to severe predominately 
chronic oral steroid dependent asthma in Taiwan

Chen et al. BMC Pulmonary Medicine (2016) 16:3 

2007 to 2011, NHIRD 

34.8 % OCS free due to omalizumab



Efficacy of omalizumab in patients with moderate to severe predominately chronic oral 
steroid dependent asthma in Taiwan

Omalizumab Reduced 
ER Visits & Hospitalization

Chen et al. BMC Pulmonary Medicine (2016) 16:3 



omalizumab treatment in Responders (P = 0.0219, N = 9) (Figure 5A).

There was no significant change in FeNO levels in Non‐Respon-

ders (N = 6) (Figure 5B). Those 14 patients of Responder contin-

ued omalizumab treatment to a total of 12 months. Among 14

patients of Responder, 6 patients achieved a well‐control state of

asthma with ACT scores more than 23 after 12‐month omal-

izumab treatment (Well control group), while eight patients still

had significant asthma symptoms (19 ≤ ACT scores < 23) requir-

ing additional treatment to achieve a well control of their asthma

(Partial control group). There was no significant difference in IL‐

33, IL‐25, TSLP, IL‐13 or IL‐9 mRNA expression in their bronchial

tissues (Figure 6). There was no significant difference in age,

gender, IgE level, ACT scores, corticosteroid use or pulmonary

function between Well control and Partial control group

(Table 2). However, subjects of Partial control group had more

rhinosinusitis comorbidities and most patients (7/8) had a mixed

eosinophilic and neutrophilic airway inflammation than those of

well‐control group (Table 2).

4 | D ISCUSSION

In the present study, we have demonstrated that patients with sev-

ere allergic asthma who were responsive to anti‐IgE therapy (omal-

izumab) had higher mRNA expression of type 2 cytokines, IL‐13 and

IL‐9, and epithelium‐derived cytokines IL‐33, IL‐25 and TSLP in their

bronchial tissues. Treatment of omalizumab for 4 months signifi-

cantly decreased those upregulated cytokine mRNA, accompanied by

a significant improvement in asthma control status, pulmonary func-

tion and exacerbation frequency.

Most of omalizumab responders were of type 2‐high endotype.13

They had higher mRNA expression level of type 2 cytokine, IL‐13

and/or IL‐9, in their bronchial tissues compared with those of nonre-

sponders, even under high‐dose ICS and/or oral corticosteroid treat-

ment. There was no significant difference in other type 2 cytokines,

IL‐4 or IL‐5 mRNA expression between Responders and non‐Respon-

ders. That may be attributed to the use of high‐dose ICS and/or sys-

temic corticosteroids in all of our severe asthmatic patients, since

FI GU RE 3 A, ACT scores and pulmonary function; B, Annual frequency of acute exacerbation improved in severe allergic asthma patients

who responded to omalizumab treatment (Responder) and those who failed to respond (Non‐Responder) after 4 mo of treatment. Each dot

represents an individual patient. *P < 0.05, **P < 0.01 ***P < 0.001

6 | HUANG ET AL.

Endotypes of severe allergic asthma patients who clinically 
benefit from anti‐IgE therapy 

Huang YC, Clin Exp Allergy. 2018;1–10. 

Responder

Non-responder



Endotypes of severe allergic asthma patients who clinically 
benefit from anti‐IgE therapy 

Huang YC, Clin Exp Allergy. 2018;1–10. Bronchial biopsy 

Wilcoxon matched‐pairs test was used to determine within‐group dif-

ferences. Fisher's exact tests were used to determine the significant

differences between groups in terms of gender and smoking status.

P < 0.05 was considered statistically significant. Data were analysed

by using Prism 7 (GraphPad Software Inc, La Jolla, CA, USA).

3 | RESULTS

3.1 | Clinical characteristics

Among 23 patients with severe allergic asthma, 14 improved their

asthma control by increasing ACT scores more than 3 after 4 months

of omalizumab treatment (Responders), while nine failed to improve

asthma control (ACT scores increased <3, Non‐Responders). Patients

in Responders were more female predominant, nonsmokers, eosino-

philic airway inflammation and had higher FeNO levels, worse

asthma control and FVC, compared with Non‐Responders (Table 1).

3.2 | Cytokine expression in bronchial tissues

Quantitative PCR analysis of type 2 cytokines in the bronchial tis-

sues of all the study subjects. Among type 2 cytokines, only IL‐13

and IL‐9 mRNA expression was found significantly higher in

Responders compared with those of Non‐Responders or Mild

Asthma (Figure 1). There was no significant difference in IL‐4 or IL‐5

mRNA expression between Responders and Non‐Responders (Fig-

ure 1). Most of Responders were type 2‐high endotype (12/14),

while only one patient in Non‐Responders was type 2‐high endotype

(1/9, Table 1). Patients of Responder group also had higher mRNA

expression level of IL‐33, IL‐25 and TSLP when compared with those

in Non‐Responder group or Mild Asthma (Figure 1). Immunohisto-

chemical analysis confirmed the up‐regulation of IL‐33, IL‐25 and

TSLP proteins in bronchial tissues in Responders compared with

those of Non‐Responders (Figure 2A). Western blot analysis also

revealed higher protein levels of IL‐33 and IL‐25 (also a trend for

TSLP) in Responders (N = 4) compared with Non‐Responders (N = 6)

(Figure 2B).

3.3 | Clinical response to anti‐IgE therapy

For those in Responder group, the improvement in ACT scores

was accompanied by an improvement in their pulmonary function

after 4 months of omalizumab treatment (Figure 3A). Interestingly,

those in Non‐Responder group also had a significant improvement

in FEV1, though to less extent than Responders, after omalizumab

treatment (Figure 3A). There was no significant difference in

FI GU RE 1 Upregulation of type 2 cytokines, IL‐13 and IL‐9 (but not IL‐4 or IL‐5) mRNA expression, as well as IL‐33, IL‐25 and TSLP mRNA

expression in severe allergic asthma patients who responded to omalizumab treatment (Responder, n = 14) compared with those who failed to

respond (Non‐Responder, n = 9) or mild asthmatics (mild asthma, n = 5). Each dot represents an individual patient, and horizontal lines indicate

mean values. *P < 0.05, **P < 0.01 ***P < 0.001

4 | HUANG ET AL.

Type 2 Cytokines
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Epithelium‐derived Cytokines 



Endotypes of severe allergic asthma patients who clinically 
benefit from anti‐IgE therapy 

Huang YC, Clin Exp Allergy. 2018;1–10. 

Epithelium‐derived Cytokines 

Omalizumab-responders are epithelium-triggered type 2 endotype asthma 



Brusselle GG, Nat Med. 2013 Aug;19(8):977-9.

Two pathways leading to abnormal Type 2 Asthma

Anti-IgE

Allergic Type 2 Asthma



Adapted from Travers and Rothenberg Mucosal Immunology 2015; 8: 464-475

Th2

Allergic
And

non-allergic
stimuli

Airway

Systemic relevance of IL-5 signalling in asthma

Selectins



The DREAM study Mepolizumab for Severe Asthma
Significantly lower frequency of clinically significant exacerbations

N=155
N=153 
N=152
N=156

p<0.001

p<0.001

p<0.001

Mepolizumab 75mg, 250mg and 750mg IV are not licensed doses/routes of administration

Pavord ID, et al. Lancet. 2012;380:651-659. 

Frequency of clinically significant 
exacerbations

0.61 39%

0.52 48%

0.48 52%

Ratio to 

placebo 

% 

reduction 

Targeting IL-5



The DREAM study Blood Eosinophil for Mepolizumab

Yancey  SW, JACI,2017;140:1509-18. 

Targeting IL-5



Dose–response effect on blood eosinophil 
counts incorporated with exacerbation

Predictive modelling of rate of exacerbations Pavord et al. Lancet 2012; 380(9842):651-659. 

DREAM 

Mepolizumab (Nucala)

Taiwan NHI Payment Guidelines
Severe refractory eosinophilic asthma

1. ≥ 4 AE  in the past 12 months, 
AND at least including one ER or H

2. Persistently on OCS  ≥ 5 mg 
prednisolone or equivalent in the 
past 6 months

3. Blood eosinophil ≧300 cells/mcL in 
the past 12 months



47 Year-old Female Very frequent AE
Intermittent cough 
Dyspnea with wheeze

Seretide 250 evohaler 2PU BID
Spiriva Respimat 2.5mcg 2PU QD
Singulair 10mg 1 tab QD
Compresolone 5mg 2 tab BID
Famotidine 20mg 1 tab BID 
Allegra 60mg 1 tab BID 



Bronchoalveolar lavage
WBC: 171/uL
Neutrophil: 1%
Lymphocyte: 12%
Eosinophil: 3%
Mesothelial + histocyte: 85% 

Bronchoalveolar lavage
TB/Fungus/Aerobic culture: negative

2017-08

Hyperemia
Bronchial biopsy of subsegment of RLL 

Bronchoscopy

Eos count: 747/uL
Total IgE: 84.20 Ku/L

CAP test (+)

Blood

Thickened basement 
membrane 

Eosinophils infiltration



2018-01

Nucala

2018-02 2018-03 2018-04

Nucala Nucala Nucala

2017-09

Xolair

Eos: 747

2017-10 2017-11 2017-12

Xolair Xolair Xolair

Eos: 520 Eos: 554

Eos: 8 Eos: 40

2018-05

Xolair

Eos: 24

2018-06

Xolair &
Nucala

Eos: 34

• Seretide 250 evohaler 2PU BID

• Spiriva Respimat 2.5mcg 2PU QD

• Singulair 10mg 1 tab QD

• Compresolone 5mg 2 tab BID

• Famotidine 20mg 1 tab BID 

• Allegra 60mg 1 tab BID 

AE required hospitalization

OPD medication 

Almost every month before xolair

ACT: 16

ACT: 19

ACT: 25

CD117 (c-kit)Mast cells





Real World Impact of Mepolizumab on Asthma Exacerbations
Adherence Matters

Hahn B, ATS International Conference, Dallas, TX, USA, May 17–22, 2019 

a retrospective cohort design (n=138)
electronic medical records and pharmacy claims data (Nov 1, 2015 and Sep 30, 2016

the IBM Watson Health MarketScan Commercial Database 

39.1%

Adherence cohort
≥2 baseline exacerbation
≥ 10 injections

40% 63.6%

(GSK ID HO-18-19166/209019) 



Mechanism of action: IL-5 cytokine- vs. IL-5 receptor- targeted therapy 

*Benralizumab induces eosinophil apoptosis within 6 hours in vitro7; blood eosinophils were depleted within 24 hours in a clinical study6

IL-5 = interleukin 5; IL-5Ra = interleukin 5 receptor alpha; MOA = mechanism of action; NK = natural killer.
1. Patterson MF, et al. J Asthma Allergy. 2015;8:125-134; 2. Busse WW, et al. In: Lee JJ, Rosenberg HF, eds. Eosinophils in Health and Disease. London, UK: Academic Press; 2013: 587-591; 3. Flood-Page P, et al. 
Am J Respir Crit Care Med. 2003.167:199-204; 4. Sehmi R et al. Clin Exper Allergy. 2016;793-802; 5. Kolbeck R et al. JACI 2010;125:1344-1353; 6. Laviolette M et al. J Allergy Clin Immunol. 2013;132:1086-1096; 
7. Dagher R et al. International Eosinophil Society 10th Biennial Symposium, Gothenburg, Sweden, Friday, 21 July 2017

Anti-IL-5 MOA1-4

indirect

ADCC
ACTIVE

Eosinophil  
Apoptosis

PASSIVE
Eosinophil  
Apoptosis

DIRECT

NK Recruitment

Mepolizumab
Reslizumab

Benralizumab

Anti-IL-5Ra MOA5-7

Enhanced ADCC

Antibody-Dependent 
Cell-mediated 
Cytotoxicity



Mepolizumab
(100mg Q4W SC)

Reslizumab
(3mg/kg Q4W IV)

Benralizumab
(30mg Q8W SC)

MENSA (NCT01691521)1

MUSCA (NCT02281318)2

Castro M et al. Am J Respir Crit

Care Med 20115

NCT012704646

NCT015089367

NCT012870398

NCT012853238

SIROCCO (NCT01928771)3

CALIMA (NCT01914757)4

1. Ortega HG et al. N Engl J Med. 2014;371:1198–207; 2. Chupp GL et al. Lancet Respir Med. 2017;5:390-400; 3. Bleecker ER et al. Lancet. 2016; 388: 2115–

27; 4. FitzGerald JM et al. Lancet. 2016; 388: 2128–41; 5. Castro M et al. Am J Respir Crit Care Med 2011;184:1125–32; 6. Bjermer L et al. Chest. 2016 

;150(4):789-98; 7. Corren J et al. Chest. 2016;150(4):799-810; 8. Castro M et al. Lancet Respir Med. 2015 ;3(5):355-66; 9. FitzGerald JM et al. Lancet Respir

Med. 2018 ;6(1):51-64; 10. Brusselle G et al. ERJ Open Res. 2017;3(3): 00004-2017. doi: 10.1183/23120541.00004-2017
34

In addition, two meta-analyses were identified including subgroup analyses relevant for this analyses, 

but not reported in the individual study publications:

– a meta-analysis of SIROCCO and CALIMA9

– a meta-analysis of NCT01287039 (Study 1) and NCT01285323 (Study 2)10

Anti–IL-5 treatments in patients with severe asthma by blood eosinophil thresholds: 
Indirect treatment comparison 

Busse W, J Allergy Clin Immunol 2019;143:190-200. 



Unadjusted 

comparison

≥400 cells/µL

≥150 cells/µL

≥300 cells/µL

Comparisons of the rate of clinically significant exacerbations by baseline blood eosinophil 
subgroups and in the ITT population

Clinically significant exacerbations (similar trend for ACQ)

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Rate Ratio (95% Cl)

0.61 (0.37, 0.99)*

0.66 (0.49, 0.89)**

Favours Drug A

MEPO vs. BENRA

MEPO vs. BENRA

Rate Ratio (95% Cl)

0.55 (0.35, 0.87)*

0.55 (0.36, 0.85)**

MEPO vs. BENRA

MEPO vs. RESLI

RESLI vs. BENRA 1.00 (0.71, 1.40)

0.75 (0.56, 1.00)

0.89 (0.66, 1.20)

MEPO vs. BENRA

MEPO vs. RESLI

RESLI vs. BENRA 0.84 (0.63, 1.13)

*p<0.05, **p<0.01

Drug A vs. Drug B Favours Drug B

MEPO-mepolizumab; RESLI-reslizumab; BENRA-benralizumab

Busse W, J Allergy Clin Immunol 2019;143:190-200. 



Baseline blood 

eosinophils

≥150 cells/µL or 

≥300 cells/µL in past year
≥400 cells/µL ≥300 cells/µL*

Exacerbation history ≥2 exacerbations in past year ≥1 exacerbation in past year ≥2 exacerbations in past year

ICS dose

High (≥18 years: ≥880 

µg/day fluticasone; ≥12 and 

≤17 years: ≥440 µg/day 

fluticasone or equivalent)

Medium-high (≥440 μg/day 

fluticasone or equivalent)

High (≥500 μg/day fluticasone 

dry powder formulation or 

equivalent)

Maintenance OCS use Allowed, any dose
Allowed, ≤10mg 

prednisolone/day
Allowed, any dose

%predicted FEV1 <80% (<90% for age <18) Not required <80% (<90% for age <18)

ACQ score Not required ACQ-7 ≥1.5 ACQ-6 ≥1.5

Key differences in study inclusion criteria

*Inclusion criteria for benralizumab studies were wider for blood eosinophil and ICS dose. However, results were reported for the ≥300 cells/µL and high ICS dose patient population

Heterogeneity between studies

BenralizumabReslizumabMepolizumabCharacteristic

Busse W, J Allergy Clin Immunol 2019;143:190-200. 



Mukherjee M et al, 2019 ATS, May 22, Room D222-D224

Airway eosinophilia

Airway autoimmune responses in severe eosinophilic asthma following 
low-dose  Mepolizumab therapy 



Weight-adjusted Intravenous Reslizumab in Severe Asthma with 
Inadequate Response to Fixed-Dose Subcutaneous Mepolizumab 

Mukherjee M,Am J Respir Crit Care Med Vol 197, Iss 1, pp 38–46, Jan 1, 2018



Weight-adjusted Intravenous Reslizumab in Severe Asthma with 
Inadequate Response to Fixed-Dose Subcutaneous Mepolizumab 

Mukherjee M,Am J Respir Crit Care Med Vol 197, Iss 1, pp 38–46, Jan 1, 2018



CCR3

Targeting Eosinophilic Inflammation

J Allergy Clin Immunol 2015;136:531-45. 



at suppressing the expression of many of the cytokines 
and chemokines involved in asthma and are the most 
effective anti- inflammatory treatment available for type 
2 asthma. However, in patients with severe asthma, they 
are less effective, such that unacceptably high doses may 
be required; additionally, in many patients with COPD, 
they are ineffective, as the non- type 2 pattern of inflam-
mation is less sensitive to corticosteroids. The relative 
corticosteroid resistance of type 2 inflammation may be 
explained by several molecular mechanisms, including a 
reduction in HDAC2 expression as a result of oxidative 
stress and acetylation of the glucocorticoid receptor18. In 
epithelial cells, macrophages and peripheral blood leu-
kocytes of patients with severe asthma and COPD, there 
is a reduction in HDAC2 expression19,20. Other mecha-
nisms include phosphorylation of the glucocorticoid 
receptor by various mitogen- activated protein kinases. A 
poor response to corticosteroids represents an important 

Comorbidities. Both asthma and COPD are associated 
with other diseases. Asthma is commonly associated with 
rhinitis, rhinosinusitis, nasal polyps and atopic dermatitis, 
such that targeting the underlying type 2 inflammation 
may also treat these comorbidities. Asthma may also be 
associated with obesity. COPD is associated with many 
other chronic diseases that are related to accelerated ageing, 
particularly cardiovascular and metabolic diseases, that 
may share the same molecular pathways and may occur 
together with other morbidities in elderly individuals16.

Corticosteroid resistance in airway diseases
Inhaled corticosteroids (ICSs) are effective in the man-
agement of asthma by suppressing type 2 inflammation 
in the airways. This is achieved by switching off activated 
inflammatory genes in the airways through reversing the 
acetylation of core histones via the recruitment of histone 
deacetylase 2 (HDAC2)17. Corticosteroids are effective 

Type 3 immunity

A type of immunity that is 

directed against 

microorganisms, in particular 

fungi, and orchestrated by  

T helper 17 cells and group 3 
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express RORγt and secrete 
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neutrophilic inflammation.

TH17 cells

A subset of CD4+  T helper cells 

that express the transcription 

factor RORγt and secrete 

IL-17A, IL-17F and IL-22. They 

are involved in neutrophilic 

inflammatory responses and 

are important in responses to 

bacteria and viruses, as well as 

autoimmune diseases.
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Fig. 1 | Targeting type 2 cytokines in airway disease. Inhaled allergens activate lung dendritic cells (DCs) to release the 
chemokines CC- chemokine ligand 17 (CCL17) and CCL22, which recruit T helper 2 (TH2) cells and group 2 innate lymphoid 
cells (ILC2s). Activation of the transcription factor GATA3 in TH2 cells and ILC2s leads to secretion of the cytokines IL-4, IL-5, 
IL-9 and IL-13. IL-4 and IL-13 activate a common receptor, IL-4 receptor subunit- α (IL-4Rα), which causes release of nitric 
oxide from airway epithelial cells, as indicated by increased fractional exhaled nitric oxide (FeNO), goblet cell metaplasia 
and airway fibrosis. IL-5 acts on IL-5Rα to cause eosinophilia, whereas IL-9 is important for mast cell integrity. Epithelial cells 
release eosinophil- attracting chemokines, such as CCL26, which attract eosinophils through binding to CC- chemokine 
receptor 3 (CCR3). Epithelial cells also produce alarmins, including thymic stromal lymphopoietin (TSLP), IL-25 and IL-33, 
which are ‘upstream’ cytokines in the eosinophilic response. Blocking antibodies against the cytokines and receptors in 
this pathway are shown.
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Effect of azithromycin on asthma exacerbations and quality of 
life in adults with persistent uncontrolled asthma (AMAZES) 

moderate to severe asthma
symptomatic (ACQ6 ≥ 0·75)
despite treatment with maintenance ICS/LABA

Gibson PG, Lancet 2017; 390: 659–68 

Targeting bacteria or neutrophil? 

biomarkers of airways dysbiosis



Azithromycin for Acute Exacerbation Reduction in Severe Asthma

GRADE 2C, weak recommendation (high heterogeneity) 

Taiwan Asthma Guideline, TSPCCM, 2018



Phenotype-guided therapy for Severe Asthma

Taiwan Asthma Guideline, TSPCCM, 2018
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