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Objectives
At the end of this presentation, pharmacist, student pharmacist and technician 
learners will be able to

• Review concepts related to the pathology, staging, and treatment of asthma 

• Describe the inflammatory process associated with severe asthma 

• Differentiate biologic therapy options used in the treatment of severe asthma 

• Identify mechanisms of action for targeted biologic therapy 

• Recommend appropriate biologic therapy for patients with severe asthma in 
an interprofessional collaborative team-based approach to care



Roadmap
Begin with the basics so everyone is at a 
similar baseline or starting point for asthma 
treatment

Walk through visuals and charts to help 
solidify the mechanism of action and target 
of various biologic therapies used to treat 
severe asthma

Discuss best-practice and decision-making 
challenges and how pharmacy teams can 
help optimize therapy and monitor health 
outcomes

Promote being an advocate for your patient 
and an educator for your primary care 
providers



GG Brusselle, GH Koppelman. N Engl J Med 2022;386:157-171.

Airway Inflammation in 
Severe Asthma and 
Targets of Biologic 
Therapies

How would you explain this 
image?

By the end of this presentation, 
let’s find someone who feels 
confident enough to try!



Key Terminology

• Heterogenous syndrome, phenotype, endotype

• Immunoglobulin E antibodies (IgE)

• Type 2 inflammation in asthma (T-2)
• Blood and breath biomarkers: eosinophils, fractional exhaled nitric 

oxide (FENO), IgE

• Cytokines 

• Interleukin (IL)
• Thymic stromal Lymphopoietin  (TSLP)



Pathology, Staging, & 
Treatment of Asthma



Asthma Review
• Asthma is a syndrome characterized by chronic inflammation of the 

airways or airway hyperresponsiveness
 Involves multiple cells and cellular structures
 Variations in endotypes (pathobiologic) and phenotypes (clinical 

presentations) results in a highly heterogeneous syndrome  
 Classified as an obstructive airway process (limited airflow expiration)


• Hallmark symptoms for susceptible persons may occur in varying 
degrees
 Inflammation  recurrent episodes of wheezing
 Breathlessness  with or without exertion
 Chest tightness/pressure
 Cough (night and early morning)  nocturnal awakenings 

EPR⎯3. Expert Panel Report 3: Guidelines for the diagnosis and management of asthma (EPR⎯3, 2007). Bethesda, MD: U.S. Department of Health and Human Services; National Institutes of Health; National Heart, Lung, and 
Blood Institute; National Asthma Education and Prevention Program, 2007. (http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm) ; Self TH, Chrisman CR, Finch CK. Asthma (Chapter 22); Diaz PT, Knoell DL. Chronic 
Obstructive Pulmonary Disease (Chapter 23) In: Koda-Kimble MA, Corelli RL et al, eds. Applied Therapeutics: the Clinical Use of Drugs, 9th ed. Baltimore, MD: Lippincott Williams & Wilkins, 2009



https://www.nature.com/articles/nrdp201525.pdf

Endotypes and Phenotypes of Asthma



Asthma Review
• There are guidelines for the US (EPR-4) and guidelines for 

international practice (GINA)

• EPR-4: Expert Panel Report: Guidelines for the Diagnosis and 
Management of Asthma 
 National Heart, Lung, and Blood Institute (NHLBI)
 National Asthma Education and Prevention Program (NAEPP)

• GINA: Global Initiative for Asthma
 This is not the standard of care for the US and doesn’t align with 

payors reimbursement despite being more current, widely accepted 
by pulmonologists and primary care doctors, and clinician treatment 
strategy based with high efficacy 
 FDA is not aligned with drug therapies or treatment strategies **



Asthma Incidence 
• Asthma affects approximately 300 million patients worldwide; 

about 30 million in the US

• Approximately 10% of patients have severe asthma 
 Considered uncontrolled despite adherence and appropriate 

inhaler technique (high dose ICS, LABA, LAMA and OCS)

• Patients with severe asthma account for 50% of asthma-related 
health care costs
 Severe asthma carries disproportionate morbidity, mortality and 

healthcare utilization (cost); increased AE from OCS, poor QoL 
and impaired lifestyle 

https://www.aafa.org/asthma-facts/ Accessed May 6, 2022; Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. 
https://doi.org/10.1186/s40733-021-00078-w;
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Inflammatory Process 
Associated with Severe Asthma



Asthma Review
• With increased severity of asthma, the inflammatory process is 

multifactorial, and the target of biologic therapies is controlling 
the inflammatory process effectively to reduce symptoms, reduce 
damage, and decrease morbidity and mortality 

• Fractional exhaled nitric oxide (FeNO) is associated with 
eosinophilic airway inflammation and predicts corticosteroid 
responsiveness 

• Cytokines are small proteins that control the growth and activity 
of immune cells and blood cells – they are major factors in the 
inflammation responses for patients diagnoses with asthma 

• Leukotrienes are potent mediators of inflammation and 
inflammatory cells, which include eosinophils and mast cells



T2-High Asthma Targets
• Treatment of asthma is progressing even more toward 

personalized treatments that are determined by patient-specific 
characteristics and endotypes, not just levels of severity

• Approximately 50% of patients diagnosed with asthma experience 
T2 driven inflammation (higher prevalence in patients with 
severe asthma) which may be allergic and nonallergic eosinophilic 
asthma 
 Biologics are effective in the treatment of allergic asthma expressed by 

cytokines and interleukins
 TSLP is another protein in the cytokine family produced by epithelial 

cells that is the precursor for many inflammatory markers and induces 
dendritic cells to release T-cells which become Th2 cells

McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 
10.1164/rccm.201810-1944Cl



https://emedicine.medscape.com/article/296301-overview



Asthma Review
• Approximately 70% of patients with asthma have allergic 

asthma and can be targeted by monoclonal antibodies that 
therapeutically target IgE or Type 2 (T2) cytokines and their 
receptors  

• Two specific asthma endotypes Type 2 (T2) high and Type 2 
(T2) low that need to be distinguished before considering 
biologic therapy
 Expression of cytokines (e.g., IL-4, IL-5 and IL-13) are 

released by T-helper cells - Type 2 (T2)
 Biologics (monoclonal antibodies) target inflammatory 

modulators of the T2-high asthma subset predominantly 

McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 
10.1164/rccm.201810-1944Cl; Doroudchi A, Pathria M, Modena B. Asthma Biologics. Ann Allergy Asthma Immunol 2020. 124:44-56. 



T2-High Asthma Targets
• In patients with T2-high asthma, aeroallergens activate TSLP, IL-25 

and IL-33 which leads to the activation of IL-4, IL-5, and IL-13
• Once IL-4, IL-5 and IL-13 are activated, they draw in basophils, 

eosinophils, mast cells, segregate IgE and activate airway epithelium 
and smooth muscle 

• This inflammatory cascade leads to bronchoconstriction, airway 
hyperresponsiveness, mucus production, and airway remodeling

McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 
10.1164/rccm.201810-1944Cl



Article link European Respiratory Society 2015: https://openres.ersjournals.com/content/erjor/1/1/00024-2015.full.pdf



Overview of Asthma Pathophysiology
• Blood eosinophil counts, serum IgE, FeNO (fractional 

exhaled nitric oxide), serum periostin are all biomarkers of 
T2 inflammation and are considered predictors for response 
of biologic therapies

• T2-low asthma is caused by neutrophilic, mixed or 
paucigranulocytic asthma is also found in patients with 
moderate to severe asthma
 Less responsive to corticosteroids, have fewer allergy 

symptoms, usually older at the time of diagnosis

McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 
10.1164/rccm.201810-1944Cl; Menzies-Gow A, Corren J, Bourdin A, et al.  Tezepelumab in Adutls and Adolescents with Severe Uncontrolled Asthma. N Engl J Med
2021;384:1800-9. doi:10.1056/NEJMoa2034975 



Overview of Asthma Pathophysiology
• Most biologics are not appropriate for patients with severe 

asthma who are nonallergic or non-eosinophilic phenotypes
• In rare cases, some patients do not respond to corticosteroids 

and may have overexpressed IL-5, IL-4, IL-13 cytokines in 
their airways
 New therapeutic strategies are being studied to overcome 

resistance

• TSLP antagonist biologics have a unique role in therapy
 TSLP levels are correlated to airway obstruction, severity of 

asthma, and resistance to glucocorticoids 

McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 
10.1164/rccm.201810-1944Cl; Menzies-Gow A, Corren J, Bourdin A, et al.  Tezepelumab in Adutls and Adolescents with Severe Uncontrolled Asthma. N Engl J Med
2021;384:1800-9. doi:10.1056/NEJMoa2034975 



Biologic Therapies: Using 
Monoclonal Antibodies in 
Asthma



Biologics
• The efficacy and safety of using biologics in the treatment of severe 

asthma in adults and children (where approved) has been demonstrated 
through patient-centered outcomes measures 
 Reducing Annualized Asthma Exacerbation Rates (AAER)
 Reducing emergency department visits and hospitalizations
 Reducing need for high dose inhaled corticosteroids
 Reducing use of OCS
 Improved asthma control 
 Improved lung function 
 Improved quality of life 

• Specific mechanisms of action contribute to impact on outcome 
measures 

https://www.aaaai.org/tools-for-the-public/conditions-library/asthma/biologics-for-the-management-of-severe-asthma Accessed May 5 2022;  Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research 
and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-w



IgE
• Produced by B cells in response to allergen activation of the cell mediated 

immune response

• Omalizumab prevents IgE from binding to mast cells and basophils and 
reduces proinflammatory markers, down-regulates IgE receptor expression, 
and reduces flare ups associated with IFN-a (antiviral mechanism)

McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 
10.1164/rccm.201810-1944Cl



IL-5
• Primary cytokine that activates differentiates, increases migration and survival of 

eosinophils 

• Eosinophil levels are correlated with the severity of asthma and the risk of asthma 
exacerbations

• Mepolizumab and Reslizumab both bind and inhibit IL-5 and preventing binding to 
eosinophils 

Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-w ; McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. 
Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 10.1164/rccm.201810-1944Cl



IL-5 Receptor Alpha (IL-5Ra)
• Induced eosinophil apoptosis via antibody-dependent cell-mediated cytotoxicity 

(ADCC) and leads to peripheral blood eosinophil depletions

• Competitive inhibitor to IL-5, higher affinity for binding to alpha-subunit of IL-
5Ra (expressed on mature eosinophils and basophils)

• Benralizumab binds the alpha subunit of IL-5 and prevents                               
recruitment and activation of eosinophils  
 Decreased exacerbations
 Improved lung function
 Reduced use of OCS

• Best of result onset w >3 exacerbations in previous year, nasal polyposis,               
pre-bronchodilator < 65% predicted

• Almost completely depletes airway eosinophils and near depletion of blood 
eosinophils in 24 hours of administration; nasal eosinophils depleted in 6 
months 

Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-w ; McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. 
Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 10.1164/rccm.201810-1944Cl



IL-4 Receptor alpha (IL-4Ra)
• IL-4 and IL-13 interleukins regulate and drive Type-2 inflammation

 IL-4 elevates Th-2 & B-cell rearrangement of IgE and promotes eosinophil transmigration 
 IL-13 promotes airway hyperresponsiveness , mucus secretion and airway remodeling

• Binds IL-4 Receptor alpha subunit which is connected to IL-4 and IL-13 receptor 
pathways 

• Patient Characteristics for Dupilumab (Dupixent) 
 > 12 years with Type-2 inflammation, increased eosinophils and raised FeNO
 Dependent on OCS or with atopic dermatitis 

• Successful therapy lowers annualized rate of asthma                                    
exacerbations (AAER), improves lung function, improves                                                
ACT scores, lowers use of OCS, lowers eosinophil count 

Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-w ; McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. 
Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 10.1164/rccm.201810-1944Cl



TSLP
• Human monoclonal antibody binds to thymic stromal 

lymphopoietin 

• Epithelium derived alarmin that is an effector of T2-high                                                        
pathobiologic pathways

• When Tezepelumab, TLSP cannot bind to its receptor, it inhibits 
all other ‘downstream’ inflammatory signaling

• Decreased annualized asthma exacerbation rate (AAER), 
improved lung function, improved asthma control, improved 
health-related QoL

McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 
10.1164/rccm.201810-1944Cl



Biologics used in the Treatment of Asthma 
Biologic Agent Brand 

Name Age Therapeutic 
Target Criteria Dosing & Interval 

Treatment

Omalizumab** Xolair > 6 years IgE Elevated IgE 30-1300 IU/mL
Aeroallergen sensitization

SC 75-375mg @ 14 days or 
28 days [self-administration 
available]

Mepolizumab Nucala > 6 years Il-5 Elevated eosinophil > 150- 300 cells/µL
> 2 asthma exacerbations

SC 100mg @ 28 days adults 
or 40mg for 6-11 years [self-
administration available]

Reslizumab** CinQair > 18 years Il-5 Elevated eosinophil > 400 cells/µL
> 2 asthma exacerbations

IV 3mg/kg @ 28 days 

Benralizumab Fasenra > 12 years IL-5 Receptor 
alpha

Elevated eosinophil > 300 cells/µL
> 2 asthma exacerbations

SC 30mg @ 28 days x 3  
months then @ 56 days

Dupilumab* Dupixent > 6 years IL-4 Receptor 
alpha

Elevated eosinophil > 300 cells/µL
> 2 asthma exacerbations
Elevated FeNO > 25 ppb

SC 400mg x1 and 200mg @ 
14 days [self-administration 
available]

Tezepelumab-ekko Tezspire > 12 years TSLP Elevated eosinophil > 300 cells/µL †
> 2 asthma exacerbations
Elevated FeNO > 25 ppb

SC 210 mg @ 28 days

Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-w ; McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. 
Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 10.1164/rccm.201810-1944Cl; GG Brusselle, GH Koppelman. Biologic Therapies for Severe Asthma N Engl J Med 2022;386:157-171

** Black Box Warning 
† FDA does not require a biomarker limitation 



Dupilumab

Tezepelumab

Adapted from: Russo D, Di Filippo P, Attanasi M, et al. Biologic Therapy and Severe Asthma in 
Children. Biomedicines. 2021;9:760. https://doi.org/10.3390/biomedicines9070760.

Biologic Therapy

Does my patient 
meet the criteria 
for diagnosis of 
Severe Asthma 
AND 
adherence/inhaler 
technique has 
been confirmed as 
compliant?



Efficacy of Biologics used in the Treatment of Asthma 

Biologic Agent Brand 
Name

Reduced 
Asthma 

Exacerbation
Lung 

Function OCS Weaning

Omalizumab** Xolair 25% Minimal Decreased ICS; no data confirming 
reduced OCS

Mepolizumab Nucala 50% Inconsistent effect 
observed

Reduces total use of OCS &  complete 
weaning of OCS dependent 14%

Reslizumab** CinQair 50-60% Improved Not evaluated

Benralizumab Fasenra 25-60% Improved Reduces total use of OCS &  complete 
weaning of OCS dependent 50%

Dupilumab* Dupixent 50-70% Improved Reduces total use of OCS &  complete 
weaning of OCS dependent 50%

Tezepelumab-ekko Tezspire 50-70% Improved Decreased ICS; no data confirming 
reduced OCS

Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-w ; McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. 
Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 10.1164/rccm.201810-1944Cl; GG Brusselle, GH Koppelman. Biologic Therapies for Severe Asthma N Engl J Med 2022;386:157-171

* Dupilumab can be self-administered  
** Black Box Warning 



Interprofessional & 
Collaborative Approaches: 
Recommending Biologic 
Therapy



Recommending Therapies
• We (pharmacists, interns and technicians) must help discriminate 

uncontrolled severe asthma from asthma that is poorly controlled and 
highly symptomatic 

• Relationships with patients increase trust and facilitate important 
conversations with providers about options and needs that optimize care & 
targeted therapy 
 Improving affordability of ICS
 Increase use of EPR-4 Guidelines in the diagnosis of asthma for 

differential, labs, referrals and classification of severity to initiate therapy 
 Improve management through standardized assessment for the control 

(or loss of control) of symptoms 
 Implementing shared clinical decision making with providers and 

patients
 Counseling on the avoidance of allergens (indoor and outdoor) and 

improved adherence and technique 
McGregor MC, Krings JG, Nair P, Castro M. Role of Biologics in Asthma. Concise Clinical Review in Am J Respir Crit Care Med. Vol 199(4):433-445. Feb 15 2019. doi: 
10.1164/rccm.201810-1944Cl; GG Brusselle, GH Koppelman. Biologic Therapies for Severe Asthma N Engl J Med 2022;386:157-171; Dragonieri S, Carpagnano GE. Biological 
therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-w



Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-
w



Recommending Therapies
• Omalizumab (Xolair) should be your first recommendation if your patient is 

allergic, non-eosinophilic severe asthmatic with high blood IgE and at least 1 
perennial aeroallergen (positive documentation) 

• Mep & Ro should be recommended with non-allergic eosinophilic phenotypes 
(shared clinical decision making)

• Patients with severe eosinophil T2 asthma that are OCS dependent should be 
recommended IL-4/IL-13 biologics

• Minimum of 4 months trial before discontinuing is recommended to evaluate 
asthma control and switching to a different biologic should be considered if 
asthma control is not adequate 

Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-w



Hang ups in the Pharmacy with Biologics
• Samples from pulmonologists sound like a great option for 

patients but it actually interferes with approvals for 
insurance coverage of biologic therapy
 Right reason, wrong outcome 
 Adjudication of ICS+LABA  x 3 months to qualify for biologic 

therapy is required 

• What have your experiences been with processing biologics 
and navigating TPR and other restrictions?



GG Brusselle, GH Koppelman. N Engl J Med 2022;386:157-171.

Airway Inflammation in 
Severe Asthma and 
Targets of Biologic 
Therapies

Who is willing to explain this 
image or how could you use 
this to educate a provider or 
patient? 



Biologics on the Horizon….
• For Th2-high Asthma
 Ipetekimab – targets IL-33 (another alarmin) associates with TSLP

• For Th2-low asthma
 Canakinumab (anti IL-1beta), brodalumab (anti-IL-17 receptor), and 

Risankizumab (anti-IL-23) are in phase 1 and 2 trials but are very 
controversial
 May benefit from bronchial thermoplasty and recent studies 

evaluating macrolide therapy (azithromycin)

• Biologics are currently beings studied in patients with COPD with high 
levels of eosinophils to assess for efficacy and safety - not all patients 
with COPD are appropriate for treatment with biologics 

Dragonieri S, Carpagnano GE. Biological therapy for severe asthma. Asthma Research and Practice. 2021; 7:12. https://doi.org/10.1186/s40733-021-00078-w



Advocating for Your Patient
• You can assess adherence and inhaler technique to identify 

if a patient may need to be re-evaluated for severe asthma
• Being an advocate with the other members of the health 

care team ensures your patient will be able to receive the 
best quality of care that is personalized for their endotype 
and symptoms

• Reviewing with your patient their need for annual/biannual 
biomarker labs and awareness of indoor and outdoor 
triggers will help them accurately report increased 
symptoms or loss of control 

• When patients receive timely interventions, this reduces the 
likelihood they will have an exacerbation, need to go to the 
emergency department or end up hospitalized



Advocating for Your Patient
• Recommending therapies requires you to understand what 

is happening with the patient’s inflammatory cascade and 
knowing what is appropriate based on biomarkers and 
symptoms is key

• You can help reduce health disparities such a low health 
literacy by educating patients who have their biomarkers 
drawn, allergies tested, and have lung function tests 
performed by explaining how they related to asthma control

• Encouraging patients to attend referrals and obtain labs 
ensures the providers with necessary information to guide 
their decision making for the best outcomes 



Thank you for your 
time and attention 


