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Division of Pediatric Allergy, Immunology
Department of Pediatrics, Faculty of Medicine
King Chulalongkorn Memorial Hospital
27 May 2022
 


	2. Contents
• Asthma phenotypes  and endotypes
• Biomarkers
• Severe asthma
 


	3. Asthma
• Asthma is  a heterogeneous disease.
• Chronic airway inflammation
(history of respiratory symptoms such as
wheeze, shortness of breath, chest
tightness and cough that vary over time
and in intensity)
• Variable expiratory airflow limitation
Israel E. et al. N Engl J Med. 2017 Sep 7;377(10):965-976.
 


	4. Terminology
Uncontrolled asthma: one  of both of the following
• Poor symptom control (frequent symptoms or reliever use, activity limited by asthma,
night waking due to asthma)
• Frequent exacerbations (≥2/year) requiring OCS, or serious exacerbations (≥1/year)
requiring hospitalization
Difficult-to-treat asthma (Not a difficult patient)
• Uncontrolled despite prescribing of medium or high dose inhaled corticosteroids (ICS)
with a second controller (usually LABA) or with maintenance OCS
• Requires high dose treatment to maintain good symptom control and reduce the risk of
exacerbations.
• Modifiable factors such as incorrect inhaler technique, poor adherence, smoking or
comorbidities, or because the diagnosis is incorrect.
GINA2022
 


	5. Severe asthma
• Subset  of difficult-to-treat asthma
• Uncontrolled despite adherence with maximal optimized high
dose ICS-LABA treatment and management of contributory
factors, or that worsens when high dose treatment is
decreased.
Asthma is not classified as severe if it markedly improves when contributory factors
such as inhaler technique and adherence are addressed.
GINA2022
Terminology: Severe asthma
 


	6. ERS-ATS: Severe asthma
Wenzel  SE. et al. American Journal of Respiratory and Critical Care Medicine 2021;203(7):809–21.
 


	7. How common is  severe asthma?
GINA2022
 


	8. Refer for
phenotypic assessment
GINA2022
  


	9. Phenotype
• Recognizable clusters  of demographic, clinical and/or
pathophysiological characteristics
• Observable characteristics that result from a combination of
hereditary and environmental influences¹
• Some phenotype-guided treatments
• No strong relationship has been found between specific pathological
features and particular clinical patterns or treatment responses.
• Examples: Allergic Vs non-allergic, adult onset, asthma with
persistent airflow limitation, asthma with obesity
GINA2022
1. Kuruvilla ME, et al. Clinical Reviews in Allergy & Immunology 2019;56(2):219–33.
 


	10. Endotype
• Distinct pathophysiologic  mechanisms at a cellular and molecular level
• Examples: Th2 high Vs non Th2
Biomarkers
• A characteristic that is objectively measured and evaluated as an
indicator of normal biologic processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention.
• Examples: sputum/blood eosinophils, FENO, periostin
Kuruvilla ME, et al. Clin Rev Allergy Immunol. 2019 Apr;56(2):219-233.
Wan XC, et al. Immunol Allergy Clin North Am. 2016;36(3):547-557.
 


	11. Kuruvilla ME, et  al. Clin Rev Allergy Immunol. 2019 Apr;56(2):219-233.
 


	12. Carr TF, et  al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	13. Cluster analysis
• Severe  Asthma Research Program (SARP) - the United States,
• The Leicester study - UK
• U-BIOPRED - 11 countries, including the UK, Italy, Poland, Hungary,
France, Sweden, Denmark, Germany, Switzerland, Belgium, Norway, and
The Netherlands
• SARP, U-BIOPRED: multiple sites including urban and rural areas
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
Cluster analysis does not define specific endotypes
Several endotypes drive the phenotypes present in each cluster.
 


	14. 2010 2008 2017  2015 2006
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
SARP clusters
• High eosinophil counts in
clusters 3 (greatest), 4, and 5
• Cluster 5 high eosinophil and
neutrophil counts
• Cluster 1, 2, 4: allergic
inflammation
• Cluster 3, 5: nonallergic,
most in adults (3 shorter
duration)
No differences in allergic
status were found between the
high- and low-eosinophil
groups
 


	15. 2010 2008 2017  2015 2006
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
UK cluster - SARP
• cluster 1 – SARP 4
• cluster 2 – SARP 5
• cluster 3 – SARP 1, 2
• cluster 4 – SARP 3
 


	16. 2010 2008 2017  2015 2006
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
U-BIOPRED
• Smoker were included in the
analysis
• Cluster 1 – SARP 2 – UK 3
• Cluster 2 – SARP 3 – UK 4
• Cluster 3
• Cluster 4 – SARP 5, 4 – UK 2
Gene expression
• Cluster 2, 3: express IL-16
• Cluster 2: express CTAPIII,
GM-CSF
• Cluster 3: express cathepsin G
 


	17. 2010 2008 2017  2015 2006
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
Yan et al
• Gene expression from sputum
isolated
• Cluster 1 – Eosinophilic
• Cluster 2
• Cluster 3 – Early-onset atopic
asthma
Cluster 2, 3: lower levels of TH2
gene expression
 


	18. 2010 2008 2017  2015 2006
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
Simpson et al
• Base on sputum eosinophil
and neutrophil
• Eosinophilic (sputum
eosinophil cutoff, >1.01%)
• Neutrophilic (sputum
neutrophil cutoff, >61%)
• later age of asthma
onset.
• Mixed granulocytic
• Paucigranulocytic (low
eosinophil and neutrophil
counts, similar to SARP
cluster 5)
 


	19. • Obesity was  found to be a factor in late-onset asthma in both
patients with eosinophilic and noneosinophilic disease in all 3
studies, indicating a modulatory effect of obesity on the core
phenotypes.
• Smoking also clearly has a strong effect on phenotypic
expression of disease but was not included across all studies.
• The overlap between these sputum cell–defined and clinical feature–
defined phenotypes defined by the SARP, UK, and U-BIOPRED
studies suggests that in adults asthma might be commonly driven
by non-T2 inflammation that approximates an endotype.
Cluster analysis
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
 


	20. Kaur R, et  al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
4 primary phenotypes
(1)early-onset mild allergic
asthma
(2)early-onset allergic moderate-
to-severe remodeled asthma
(3)late-onset nonallergic
eosinophilic asthma
(4)late-onset noneosinophilic
nonallergic asthma
 


	21. Wenzel SE. et  al. Nat Med. 2012 May 4;18(5):716-25.
Exacer
bate –
prone
asthma
Asthma phenotypes based on the distinction between TH2-high asthma and non-TH2 asthma.
(2) early-onset allergic moderate-to-
severe remodeled asthma
(3) late-onset nonallergic
eosinophilic asthma
(1) early-onset mild allergic asthma
(4) late-onset nonallergic
noneosinophilic asthma
 


	22. Carr TF, et  al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	23. Viswanathan RK, et  al. Ann Allergy Asthma Immunol. 2020 Aug;125(2):137-149.
Th2 cytokines
Th17, Th1
 


	24. T2-“High” vs T2-“Low”  Asthma
Phenotyping for T2
inflammation
• Peripheral blood
eosinophil values
(150 cells/mL)
• FeNO (20 ppb)
• Skin test, IgE levels
• Periostin
Viswanathan RK, et al. Ann Allergy Asthma Immunol. 2020 Aug;125(2):137-149.
 


	25. Carr TF, et  al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	26. Th2 high –  Type 2 – Eosinophilic
• Early-onset (usually during preadolescence)
• Mostly atopic and allergic asthma phenotype
• Later-onset (often age 20 or later)
• Eosinophilic phenotype
• Allergic Vs Non-allergic
• Exercise-induced asthma (EIA)
Wenzel SE. et al. Nat Med. 2012 May 4;18(5):716-25.
 


	27. Mechanism of allergic  type asthma
Stephen T. Holgate, Middleton 9th edition 2020
Mechanism of allergic type asthma
 


	28. Wenzel SE. et  al. Nat Med. 2012 May 4;18(5):716-25.
TH2 immune processes in the airways of people with asthma.
 


	29. Carr TF, et  al. Am J Respir Crit Care Med. 2018;197(1):22-37.
Mechanism of eosinophilic asthma
(1) Allergic EA
Vs
(2-6) Non allergic EA
Non allergic
Irritant/pollutant/
microbe
Epithelial cell ->
IL25, IL33, TSLP
ILC2
IL5, IL13
1
2
3
4
5
6
 


	30. Eosinophilic asthma (EA)
•  Sputum eosinophils > 2-3%
• Bronchoalveolar wash eosinophil count > 2%
• Bronchial wall (no actual cutoff)
• Wenzel and colleagues 1999: > 20 eosinophils/mm2
• Berry and colleague 2007: submucosal eosinophils > 23 eosinophils/mm2
• Elevate serum periostin (Jia and colleagues 2009)
• Peripheral eosinophilia (no true cut point, fluctuate overtime)
• Do not necessarily reflect sputum eosinophil counts
• The gene for dipeptidyl peptidase-4 is also induced by IL-13, expressed by
eosinophils, and can predict individuals who will benefit from anti–IL-13
treatments for severe asthma.
• FeNO may predict sputum eosinophilia
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	31. Implications of recognizing  EA
• May benefit more significantly from inhaled corticosteroids
• Appropriate biologic therapies
Eosinophilic asthma (EA)
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
Early onset atopic asthma : Elevated IL-4 and IL-13 expression
Later-onset, or less-atopic asthma: Predominant IL-5 expression
 


	32. Allergic eosinophilia asthma
•  Earlier-onset disease
• Predominantly by exposure to aeroallergens
• Commonly seen with comorbid allergic rhinitis or other
atopic disorders.
• Type 2 inflammation
• IL-4, IL-5 (Recruit eosinophil, influx into airways, production), and IL-13
• IgE-mediated mast cell and basophil degranulation
• Eosinophilia
• Obesity is believed to exacerbate preexisting EA
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	33. Allergic bronchopulmonary mycosis  (ABPM)
• Characterized by a pronounced eosinophilic, neutrophilic and lymphocytic
response to mold exposure in the lung, most commonly to Aspergillus
fumigatus
• Elevated mold-specific IgE and markedly elevated total IgE levels
• Pronounced peripheral blood and sputum eosinophilia
• A. fumigatus proteases have been shown to directly cause bronchial
epithelial cell damage and stimulation of cytokines and chemokines
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
Allergic eosinophilia asthma
 


	34. Early-onset allergic asthma
•  Mild to severe disease
• Unclear whether mild allergic asthma progresses to severe disease
• Or whether severe allergic asthma arises in childhood and remains
severe
• The SARP cluster analysis
• Most severe early-onset asthma had greater numbers of skin test
reactions and poorer lung function than individuals with mild asthma
• More likely to be of African descent (High IgE level)
• Longer duration of disease and a history of pneumonia
• Strong family history
• Probable genetic component
• The genes most strongly associated: gene encoding IL-33 and its
receptor
Wenzel SE. et al. Nat Med. 2012 May 4;18(5):716-25.
 


	35. Biomarkers and treatment  response
• Despite this lack of specificity, there is evidence that
corticosteroids are most effective.
• Evidence of TH2 inflammation
• High FeNO (usually 30–35 parts per billion or higher)
• Sputum eosinophils (≥2% all sputum inflammatory cells)
• Elevations in airway periostin
Wenzel SE. et al. Nat Med. 2012 May 4;18(5):716-25.
Early-onset allergic asthma
 


	36. Late-onset persistent eosinophilic  asthma
• Adult-onset, less allergic form (despite positive allergen skin tests in ~75% of
individuals )
• Often severe from onset with fixed airflow obstruction
• Persistent sputum eosinophilia (≥2%) despite corticosteroid therapy (some can
persist over 5 years)
• Associated with sinusitis, nasal polyps and AERD
• A family history of asthma is also less commonly observed than in early-onset
disease
• Genetics of this phenotype have not been specifically studied
• Mechanism more complex than early-onset
• Mixed inflammatory process: interaction of additional immune pathways with TH2
immunity, including activation of pathways related to IL-33 and IL-17
Wenzel SE. et al. Nat Med. 2012 May 4;18(5):716-25.
 


	37. • Immunobiology underlying  the different eosinophil responses in
early and late onset TH2-related disease is not clear
• High systemic doses of corticosteroids are generally able to
overcome this refractoriness in late onset asthma
• AERD: high concentrations of cLT -> LTRA beneficial on Lung
function and symptoms
Late-onset persistent eosinophilic asthma
Wenzel SE. et al. Nat Med. 2012 May 4;18(5):716-25.
 


	38. Exercise induce asthma  (EIA)
• Asthma whose symptoms are experienced primarily after exercise.
• Often mild asthma, experience reactive bronchoconstriction (a decline in
FEV1 of 10–15%) in response to sustained exercise
• FEV1 decline is more frequent and severe in cold, dry conditions.
• More common in atopic athletes
• High percentages of eosinophils in both sputum and tissue
• No distinct genetic factors or biomarkers for EIA have been described.
• Whether EIA differs from the other forms of TH2 asthma beyond its
persistence and severity awaits further study
Wenzel SE. et al. Nat Med. 2012 May 4;18(5):716-25.
 


	39. Exacerbate – prone  asthma
• > 3 exacerbations of asthma/ year
• Blood eosinophilia
• High BMI
• Sinusitis, GERD
• Mechanism: not well defined
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	40. Carr TF, et  al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	41. Th2 low –  Non-Type 2 – Non-Eosinophilic
 


	42. Th2 low –  Non-Type 2 – Non-Eosinophilic
• May affect 50% or more of corticosteroid-naïve individuals
• Mild to moderate adult-onset asthma
• No history of childhood allergic features
• More severe, respond poorly to corticosteroid therapy, in the absence of
validated TH2 biomarkers
• Environmental factors: cigarette smoke, pollution, and viral illnesses, are also
thought to play a role in this subtype of disease.
• Infection: Moraxella, Streptococcus and Haemophilus spp.
• Macrolide – effective therapy, independent of antibacterial effects
• Other reliable biomarkers of airway neutrophilia have not yet been established.
Wenzel SE. et al. Nat Med. 2012 May 4;18(5):716-25.
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
 


	43. • Increase expression  of
TLR2, TLR4, CD4, IL-8,
IL1b
• Th1 and Th17: IL8, IL1b,
IFN‐γ, and TNF‐α
• Chemokines, induced by
IFN-γ, are known mast cell
chemo-attractants to
smooth muscle
• Neutrophil migration:
leukotriene B4 (LTB4), IL‐8
(CXCL8)
• Key cytokines: IL-17, IL-8,
IL-6
Mechanism of NonTh2 asthma
Sze E, et al. Allergy. 2020 Feb;75(2):311-325.
 


	44. Innate immune pathway
•  Infection (viral, bacterial)
• Irritant
• Environmental exposure (endotoxin, ozone,
and particulate matter exposures)
Activate toll-like receptor 4 and CD 14 on
epithelial cells and macrophages
NF-kB activation
Production of IL-8
Recruited activated neutrophils into the
airways
Elevated IL-6, CRP, TNF alpha
Mechanism of non-eosinophilic asthma
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	45. • Impaired efferocytosis
•  p 38 kinase
• Oxidative stress -> decrease lipoxin
• Increase IFNγ, TNFα and
inflammasome related genes
• NK, NKT cell: steroid insensitivity
Mechanism of non-eosinophilic asthma
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	46. Non- eosinophlic asthma  (NEA)
• The lack of eosinophilia -> NEA
• Paucigranulocytic (< 61% neutrophils)
• Mixed granulocytic
• Neutrophilic asthma (sputum neutrophilia ranging from as low as > 40%
to as high as >76% )
• Obesity-induced asthma
• Asthma related to environmental exposures
• Lung neutrophilia: Low lung function, more air trapping, thicker airway walls
• Blood neutrophil levels have not been strongly correlated with airway
neutrophil counts
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	47. Neutrophilic asthma
• Adult-onset
•  Impaired lung function, severely obstructed (and incompletely reversible) asthma
• Less bronchodilator reversibility
• Less atopy
• +- associated with smoking (unclear and inconsistent)
• Neutrophilic inflammation was associated with upregulation in IL-1 and TNF-α
pathways, but there was little association with any clinical phenotype.
• Neutrophilia can also co-exist with eosinophilia, and this identifies the people
with the most severe asthma
Wenzel SE. et al. Nat Med. 2012 May 4;18(5):716-25.
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37
 


	48. • Neutrophilic inflammation,  mixed granulocytic airway
inflammation.
• Severe, frequent exacerbations, steroid resistance, bronchial
wall remodeling, mucus hypersecretion, and smooth muscle
hypertrophy
• Chronic infection may be a key underlying stimulus for this
Th17-type inflammatory pathway in asthma
• Induced by chronic subclinical infection or inhaled exposures
• Th17 -> IFNγ, IL-17 in response to bacterial and fungal
infection
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
Neutrophilic asthma: IL-17
 


	49. • Ex-smokers and  current smokers have predominant
neutrophilic inflammation
• Steroid insensitivity
• Alterations in histone deacetylase activity
• Cigarette smoke is toxic to the respiratory epithelium
• Induce type 2 inflammation from the subepithelial dendritic
cells, even through in utero exposure
• Occupational asthma
• Environmental pollution
Neutrophilic asthma
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	50. • 40% of  NEA
• Well-controlled or mild intermittent asthma in the SARP cohort
• Some: severe, not respond well to ICS
• Mechanisms
• Abnormalities or dysfunction of airway smooth muscle, nerves, and
vascular tissue.
• Mucus gland hypertrophy
• Airway bronchospasm (TGF beta) -> obstruction, inflammation by
cytokines and mediator, increase muscarinic and adrenergic pathways
Treatment -> LAMA, Beta2 antagonist, Bronchial thermoplasty
• Aberrant repair mechanism: airway remodeling
Paucigranulocytic asthma
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	51. Obesity-related asthma
• Late-onset,  female-predominant phenotype
• Neutrophilic or paucigranulocytic
• Increased peripheral airway sensitivity - reversed with significant weight loss
• Mechanism
• Activated macrophages -> inflammation in the adipose tissue -> increases in
IL-6, TNF-a, and leptin
• More sensitive to environmental pollutants and irritants
• High fat diet mouse model: airway hyperreactivity from IL-17A (release by ILC3,
macrophage-derived IL-1b)
• Consumption of low antioxidant: worse asthma symptoms, reduced FEV1,
FCV/ increase sputum neutrophils
Modify dietary fat intake: important in asthma management
Carr TF, et al. Am J Respir Crit Care Med. 2018;197(1):22-37.
 


	52. Biomarkers
• Sputum, blood  eosinophil
• FeNO
• Skin test
• IgE
• Periostin
Santus P, et al. Pharmacol Res. 2019 Aug;146:104296.
 


	53. Licari A, et  al. Breathe (Sheff). 2020 Mar;16(1):190301
 


	54. Periostin: A “Chronic”  Type 2 biomarker
• Extracellular matrix protein induced by IL-4, IL-13
• Act on keratinocytes -> TSLP, IL-24
• Periostin + IL ‐1α -> activate NF‐ κB in fibroblasts -> IL-6
Izuhara K, et al. Allergy. 2019 Nov;74(11):2116-2128.
 


	55. Periostin acts on  eosinophils enhancing their adhesion, superoxide anion (O− 2)
generation, TGF‐β production, and migration
Periostin acts on mast cells upregulating the IgE‐dependent degranulation response
Function : eosinophil recruitment, airway remodeling, tissue repair
Periostin: A “Chronic” Type 2 biomarker
Izuhara K, et al. Allergy. 2019 Nov;74(11):2116-2128.
 


	56. Periostin: Age dependent
•  High in childhood are high and vary
depending on age.
• Serum periostin levels were
• Very high in infants
• Decreasing until age 7
• Then increasing at least until age 15
• Presence of comorbidities (rhinitis,
rhinosinusitis with or without nasal
polyposis, atopic dermatitis) can affect its
baseline values
Izuhara K, et al. Allergy. 2019 Nov;74(11):2116-2128.
 


	57. • Severe =  40
• Mild to moderate = 21
• Healthy control = 15
• Higher periostin in EBC and
sputum severe > mild to
moderate
• Higher periostin in T2 > nonT2
Carpagnano GE, et al. Chest. 2018 Nov;154(5):1083-1090.
 


	58. Role of serum  periostin and lung function
Nagasaki T. et al. J Allergy Clin Immunol 2014;133:1474e1477 e2.
Matsumoto H. et al. Respir Investig. 2020 May;58(3):144-154.
 


	59. Licari A, et  al. Breathe (Sheff). 2020 Mar;16(1):190301
 


	60. Treatment in Severe  asthma
 


	61. GINA 2022
2020
2021
  


	62. Steps before biologics
•  Confirm diagnosis
• Look for the factors
• Optimize management
• Review response 3-6 months
• Investigate further and provide patient support
GINA 2022
GINA 2022
 


	63. Could the patient  have refractory
or underlying Type 2 inflammation?
• If possible, therefore, these tests should
be performed before starting OCS (a
short course, or maintenance
treatment), or at least 1–2 weeks after a
course of OCS, or on the lowest
possible OCS dose.
• If blood eosinophils and FeNO not
elevated, repeat up to 3 times before
assuming asthma is non – type 2.
GINA 2022
GINA 2022
 


	64. GINA 2022
GINA 2022
GINA  2022
 


	65. GINA 2022
  


	66. Which one(s) to  consider start first ?
• Does the patient satisfy local payer eligibility criteria?
• Type 2 comorbidities such as atopic dermatitis, nasal polyposis
• Predictors of asthma response
• Cost, dosing frequency, delivery route (IV or SC; potential for self-administration)
• Patient preference GINA 2022
GINA 2022
 


	67. Biologic in severe  asthma: anti IgE
Akar-Ghibril N, et al. J Allergy Clin Immunol Pract. 2020 Feb;8(2):429-440
Agache I, et al.EAACI Biologicals Guidelines-Recommendations for severe asthma. Allergy. 2021 Jan;76(1):14-44
 


	68. Biologic in severe  asthma: anti-IgE
GINA 2022
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
Agache I, et al.EAACI Biologicals Guidelines-Recommendations for severe asthma. Allergy. 2021 Jan;76(1):14-44.
Anti-IgE
• Adult: Blood eosionophil ≥ 260/uL, FeNO ≥ 24 ppb
(EAACI-for severe eosinophilia both allergic and nonallergic)
• Children (≥ 6 -17 years): IgE ≥ 30 IU/ml [total IgE level of 30-700 IU/mL (US) and 30-1500 IU/mL (EU)] ±
one perennial aeroallergen ( EAACI, JACI)
• Blood eosionophil ≥ 260/uL, FeNO ≥ 20 ppb, allergen driven symptoms, Childhood onset asthma,
exacerbation in the last year (GINA)
 


	69. Blood Eosinophil FeNO  IgE level Others
Am J Respir Crit
Care Med 2013
(reduction in
exacerbation)
≥ 260 /uL ≥ 19.5 ppb Within local dosing
range
Periostin ≥ 50
ng/mL
J Allergy Clin
Immunol Pract
2019 (Improve ACT,
lung function)
≥ 300 /uL ≥ 25 ppb Within local dosing
range
-
JACI 2019 (improve
ACT)
- - ≥ 30 IU/ml 1 perennial
aeroallergen
EAACI 2021 ≥ 260/uL FeNO ≥ 24 ppb ≥ 30 IU/ml 1 perennial
aeroallergen
GINA 2022 ≥ 260/uL FeNO ≥ 20 ppb Within local dosing
range
• Allergen driven
symptoms
• Childhood onset asthma
• Exacerbation in the last
year
• Nasal polyp, CSU
GINA 2021
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
Agache I, et al. Allergy. 2021 Jan;76(1):14-44
Hanania N. et al. Am J Respir Crit Care Med 2013;187:804-11.
Casale TB, et al. J Allergy Clin Immunol Pract 2019;7:156-164.e1
Biologic in severe asthma: anti-IgE
GINA 2022
 


	70. Biologic in severe  asthma: anti IL-4R
Akar-Ghibril N, et al. J Allergy Clin Immunol Pract. 2020 Feb;8(2):429-440
Agache I, et al.EAACI Biologicals Guidelines-Recommendations for severe asthma. Allergy. 2021 Jan;76(1):14-44
 


	71. Biologic in severe  asthma: anti IL-4
Anti IL-4R
• Age ≥ 6 years (severe eosinophilic asthma, Type 2), not on maintenance OCS
• Eosinophilic asthma, Type 2, Steroid – dependent
• Moderate to severe AD, CRSwNP, Exacerbate in the last year
GINA 2022
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
Agache I, et al.EAACI Biologicals Guidelines-Recommendations for severe asthma. Allergy. 2021 Jan;76(1):14-44.
GINA 2022
 


	72. Blood Eosinophil FeNO  IgE level Others
JACI 2019 ≥ 150 /uL FeNO ≥ 25 ppb - -
EAACI 2021 ≥ 150 /uL*
≥ 300 /uL**
FeNO ≥ 20 ppb*
FeNO ≥ 50 ppb**
- -
GINA 2022 ≥ 150 /uL FeNO ≥ 25 ppb - • Moderate/severe AD,
nasal polyposis
• Exacerbate in last year
• Requirement for
maintenance OCS
GINA 2022
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
Agache I, et al. Allergy. 2021 Jan;76(1):14-44
Age ≥ 12 year, *Eosinophilic asthma, ** Improved lung function
Biologic in severe asthma: anti IL-4R
Anti-IL4R is not suggested for patients with baseline or historic blood eosinophils > 1500
because limit of evidence (such patients were excluded from Phase III trials)
GINA 2022
 


	73. Biologic in severe  asthma: anti IL-5
Akar-Ghibril N, et al. J Allergy Clin Immunol Pract. 2020 Feb;8(2):429-440
Agache I, et al.EAACI Biologicals Guidelines-Recommendations for severe asthma. Allergy. 2021 Jan;76(1):14-44
 


	74. Biologic in severe  asthma: anti IL-5
Anti IL-5
Benralizumab
- Age ≥ 12 year with uncontrolled severe eosinophilic asthma, in spite of high-dosage ICS + LABA
- Blood eosinophil > 300 cells/μL
- Blood eosinophil > 150 cells/μL for OCS-dependent patients
GINA 2022
Kaur R, et al. J Allergy Clin Immunol. 2019 Jul;144(1):1-12.
Agache I, et al.EAACI Biologicals Guidelines-Recommendations for severe asthma. Allergy. 2021 Jan;76(1):14-44.
 


	75. Mepolizumab
- Age ≥  6 year with uncontrolled severe eosinophilic asthma, in spite of high-dosage ICS + LABA
- Blood eosinophil >300 cells/μL in the past 12 months
- Blood eosinophil >150 cells/μL at initiation
- EGPA, CRSwNP, hypereosinophilic syndrome
Reslizumab IV
- Age ≥ 18 year with inadequately controlled asthma, receiving at least a medium dose of ICS with or
without another controller drug including OCS
- Blood eosinophil > 400 cells/μL during a 2-4 weeks of screening period
- patients should be carefully monitored 30 minutes after the iv administration for the risk of anaphylaxis
Biologic in severe asthma: anti IL-5
Agache I, et al.EAACI Biologicals Guidelines-Recommendations for severe asthma. Allergy. 2021 Jan;76(1):14-44.
 


	76. • Systematic reviews  assessed the efficacy and safety of benralizumab, dupilumab
and omalizumab VS standard of care for patients with uncontrolled severe
allergic asthma
• 37 publications from 28 individual RCT (2011-2018)
• Omalizumab 32 (24 RCTs)
• Benralizumab 3 (3 RCTs)
• Dupilumab 2 (1 RCTs)
• All three biologicals reduced with high certainty the annualized asthma
exacerbation rate: benralizumab incidence rate ratios (IRR) 0.63 (95% CI 0.50 −
0.81); dupilumab IRR 0.58 (95%CI 0.47 − 0.73); and omalizumab IRR 0.56
(95%CI 0.42 − 0.73).
Agache I, et al. 2020 May;75(5):1043-1057.
 


	77. • Decrease annual  exacerbation rate
• Improved asthma control
• Improved QoL Agache I, et al. 2020 May;75(5):1043-1057.
Benralizumab
 


	78. Viswanathan RK, et  al. Ann Allergy Asthma Immunol. 2020 Aug;125(2):137-149.
 


	79. Dupilumab
• Decrease annual  exacerbation rate
• Improved asthma control
• Improved FEV1
Agache I, et al. 2020 May;75(5):1043-1057.
 


	80. Omalizumab
• Decrease annual  exacerbation rate
• Improved asthma control
• Treatment effectiveness
• Improved QoL
• Improved FEV1
• Improved PEF
• Decrease ICS
• Decrease rescue medication
• Decrease FeNO change from
baseline
Agache I, et al. 2020 May;75(5):1043-1057.
 


	81. Brusselle GG, et  al. N Engl J Med. 2022 Jan 13;386(2):157-171.
 


	82. • Age: ≥  12 years
• Dose: 210 mg SC q 4 weeks
• Mechanism: binds circulating TSLP block downstream process
Eligible criteria
• Severe exacerbation in the last year
Outcome
• 30-70% reduction in severe exacerbation, improved QoL, lung function
and symptom control, irrespective of allergic status
• Not reduced OCS dose compare to placebo
• No evidence that Tezepelumab has an impact on extrapulmonary
comorbidities
Biologic in severe asthma: anti TSLP
(Tezepelumab) GINA 2022
GINA 2022
 


	83. Potential predictors of  good asthma response
• Higher blood eosinophils
• Higher FeNO level
Adverse effects: injection site injections, anaphylaxis is rare
Suggested initial trial: at least 4 months
Biologic in severe asthma: anti TSLP
(Tezepelumab)
GINA 2022
GINA 2022
 


	84. • Aim: efficacy  and safety of tezepelumab in patients with severe, uncontrolled
asthma
• Population: adult (12-80 years) with severe, uncontrolled asthma, N = 1,061
• Methods: phase 3, multicenter, randomized, double-blind, placebo-controlled
trial, for 52 weeks
• tezepelumab (210 mg) SC q 4 weeks
• placebo SC q 4 weeks
• Outcome:
• Primary end point: annualized rate of asthma exacerbations over a period
of 52 weeks
• Secondary end points: FEV, ACQ-6, ASD
Menzies-Gow A, et al. N Engl J Med. 2021 May 13;384(19):1800-1809.
 


	85. Menzies-Gow A, et  al. N Engl J Med. 2021 May 13;384(19):1800-1809.
 


	86. Menzies-Gow A, et  al. N Engl J Med. 2021 May 13;384(19):1800-1809.
 


	87. Safety
• The percentage  of patients who discontinued owing to adverse events was
2.1% in the tezepelumab group Vs 3.6% in the placebo group.
• The most common adverse events were nasopharyngitis, upper
respiratory tract infection, headache
• The incidence of severe infections did not differ between the trial groups:
8.7 % in each group
• Injection-site reactions: 3.6% tezepelumab group Vs 2.6% placebo group
• No treatment-related anaphylactic reactions or cases of Guillain–Barré
syndrome were reported.
The frequencies and types of adverse events did not differ
between the tezepelumab and placebo groups
Menzies-Gow A, et al. N Engl J Med. 2021 May 13;384(19):1800-1809.
 


	88. Discussion and conclusion
•  The role of TSLP as an upstream communicator between airway
structural cells and immune cells
• Suggests allergic and nonallergic mechanisms
• Tezepelumab may normalize local inflammation, irrespective of blood
eosinophil count
• The role of TSLP in mediating T2 and T17 responses through dendritic
cells, in addition to cross-talk between mast cells and airway smooth
muscle cells, are mechanisms potentially relevant to inflammation in
populations with low eosinophil counts
Menzies-Gow A, et al. N Engl J Med. 2021 May 13;384(19):1800-1809.
Tezepelumab Vs placebo in severe uncontrolled asthma:
fewer exacerbations and better lung function,
asthma control, and health-related quality of life
 


	89. • Aim: Assessed  the efficacy of tezepelumab in PATHWAY participants with
perennial allergy.
• Population: adult with severe, uncontrolled asthma (N = 550)
• Methods: randomized to received (52 weeks)
• Tezepelumab 70 mg or 210 mg SC every 4 weeks
• Tezepelumab 280 mg SC every 2 weeks
• Placebo
• Outcome:
• The annualized asthma exacerbation rate over 52 weeks
• Change from baseline to week 52 in prebronchodilator FEV1
• Type 2 biomarkers (in perennial subgroups)
Corren J, et al. J Allergy Clin Immunol Pract. 2021 Dec;9(12):4334-4342.e6.
 


	90. Corren J, et  al. J Allergy Clin Immunol Pract. 2021 Dec;9(12):4334-4342.e6.
 


	91. Result
PATHWAY study
• Adult  N = 550 with severe, uncontrolled asthma
• Tezepelumab 70 or 210 mg q 4 weeks or 280 mg q 2 weeks or placebo (52 weeks)
Exacerbation rate FEV1
66-78% in perennial allergy
67-71% without perennial allergy
Corren J, et al. J Allergy Clin Immunol Pract. 2021 Dec;9(12):4334-4342.e6.
 


	92. • Tepezulumab reduced  blood eosinophil
counts and fractional exhaled nitric oxide,
IgE levels over 52 weeks, irrespective of
perennial allergy status
Result
Blood eosinophil
FeNo
Corren J, et al. J Allergy Clin Immunol Pract. 2021 Dec;9(12):4334-4342.e6.
IgE
 


	93. Discussion and conclusion
•  The efficacy of tezepelumab in both allergic and nonallergic asthma is
likely due to the wide-ranging effects of blocking TSLP.
• Tezepelumab has been shown to reduce
• Reduce eosinophilic inflammation
• Reduce levels of cytokines such as IL-5 and IL-13 (allergic asthma)
• Reduce activity TH2 cells and type 2 innate lymphoid cell
• Reduce airway hyperresponsiveness
• Blocking TSLP may also have suppressive effects on non-T2
inflammatory processes with particular relevance in nonallergic asthma
Corren J, et al. J Allergy Clin Immunol Pract. 2021 Dec;9(12):4334-4342.e6.
Tezepelumab reduced exacerbations, improved lung function,
and reduced type 2 biomarkers versus placebo
in patients with severe, uncontrolled asthma with or without perennial allergy
 


	94. Brusselle GG, et  al. N Engl J Med. 2022 Jan 13;386(2):157-171.
 


	95. Brusselle GG, et  al. N Engl J Med. 2022 Jan 13;386(2):157-171.
 


	96. Treatment non-T2
Sze E,  et al. Allergy. 2020 Feb;75(2):311-325.
Nonpharmacological treatment
• Smoking cessation
• Low‐fat diet
• Weight reduction in obesity
• Bronchial thermoplasty
Pharmacological treatment
• Reduction of corticosteroid dose
• Bronchodilator
• Treating infections
• Macrolides
• Other therapeutic agent: LTRA,
theophyllline, roflumilast, statin
Re‐check sputum at every exacerbation
 


	97. • C‐X‐C motif  chemokine receptor 2 (CXCR2) antagonist
• Anti‐TNF‐α: Golimumab, Etanercept
• Anti‐IL‐17: Brodalumab
• Anti‐IL‐1: Anakinra
• Anti‐IL‐6
• IFN
• KIT inhibitor: Imatinib
• 5‐lipoxygenase‐activating protein (FLAP) inhibitor: GSK2190915
• IL-23: Risankizumab (BI 655066)
Treatment non-T2: Novel pharmacological agents
 


	98. Licari A, et  al. Breathe (Sheff). 2020 Mar;16(1):190301
Take home messages
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