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Disclosures

Patient with asthma and history of nasal polyps

Case 1: Circa 2009
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Patient history†

– 48-year-old female referred after a recent hospitalization for asthma
– She developed asthma at age 35 years - initially well controlled, then developed CRSwNP
– Failed medical therapy and required nasal polypectomy x2 

– Asthma exacerbations requiring OCS 2–4 times/year for asthma and/or sinusitis. She uses albuterol daily for symptoms
– awakens at night 2x/week
– No history of allergies (SPT in the past)
– Was an avid runner until recently
– Works in healthcare administration
– Never smoker
– Identical twin has mild asthma not as severe, no nasal polyps – yoga instructor

Medications: 
– Fluticasone/salmeterol diskus 500/50 µg BID, 

tiotropium bromide, budesonide nasal washes, 
albuterol MDI/nebulisers, montelukast, prednisone 
10 mg/day 7 months of the year

Physical exam: 
– VSS; ACT score 13 (ACQ of 2.5)
– Erythematous, boggy nasal passages, bilateral polyps
– Lung exam: diffuse insp/exp wheezing, good air entry

Patient with asthma and history of nasal polyps
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Laboratory data†

– FeNO 55 ppb
– IgE 500 IU/mL
– SPT/Immunocap negative 

for 22 aeroallergens
– BEC 500 cells/µL
– A1AT, CFTR, sweat test neg
– Nasal EM negative for PCD
– ANCA negative

Pathologic Features of Severe Asthma

Induced sputum
eosinophils

• Mucus plugs
• Smooth muscle

hypertrophy/hyperplasia Globet cell 
hyperplasia/
hypertrophy

Radiographic Features of Airway Remodeling

Normal Refractory Asthma

mailto:Geoffrey.chupp@yale.edu
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ATS/ERS Task Force Criteria for Severe Asthma

ERS/ATS Definition of Severe Asthma

Use of high-dose ICS plus an additional 
controller to maintain asthma control

or
Use of systemic corticosteroids for 
≥50% of the previous year to maintain 
asthma control

or
Asthma that remains uncontrolled despite 
these therapies

ERS/ATS Definition of Uncontrolled Asthma

Meet the criteria for ≥1 of the following:
• Poor symptom control: ACQ ≥1.5 or ACT <20

• Frequent severe exacerbations: ≥2 bursts of 
systemic corticosteroids (≥3 days each) in previous 
year

• Serious exacerbations: ≥1 hospitalization, ICU stay, 
or mechanical ventilation in previous year

• Airflow limitation: FEV1 <80% predicted after 
appropriate bronchodilator withheld

7
Chung et all ERJ 2014

Patient has cycled through GINA, NAEPP steps and by ATS/ERS has severe 
uncontrolled asthma

Asthma Outcomes 1998-2009- survey based

Nathan et al.  Allergy and Asthma Proceedings 2011;33:65

1998
2009

2009 omalizumab for severe asthma

• Target modulation/inhibition
• ADA development
• Off target effects (immune mod)

Targets
IgE

HV region

Humanized mAb
Omalizumab

Criteria

+ Specific IgE/SPT (total > 30 IU/ml)

• 362 patients:  FEV1 50-80% with reversibility, on ICS
• Randomized, double-blind, placebo-controlled.
• Mepolizumab 250 mg or 750 mg  i.v. Q month x 3.
• End-points:

1o Change from baseline PEF week 12-20. 
2o FEV1, symptoms, exacerbations

Results  
• Minimal improvement in PEFR in 250 mg group (13.5L/min)
• No significant improvement in FEV1
• Minimal improvement in Symptom Score in 250 mg group 
• Non-significant reduction in exacerbations (P=0.065): 

control (16%), 250 mg (18%), 750 mg (10%)
• Significant reduction in blood and sputum eosinophils 

Mepolizumab reduced asthma exacerbations in refractory
Eosinophilic Refractory Asthma (750mg IV qmonth)

Nair  et al.  NEJM 2009;360:116 Haldar et al.  NEJM 2009;360:10 

N=61
Refractory asthma
sputum eos > 3%
≥ 2 exacerbations/year

N=20
Refractory Asthma
3% of Center population
>3% sputum eos on max meds

Fig 4 

Journal of Allergy and Clinical Immunology2019 143, 1742-1751.e7DOI: (10.1016/j.jaci.2018.09.033) 

Dream and Columba Trials

Pavord et al. NEJM 2012
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• ~85 % of patients with severe asthma have blood Eos > 150 cells/ul

• This is the definition of a new subtype of asthma: Eosinophilic asthma (severe 
asthma and blood eos > 150 cells/ul).

• These patients are more commonly 
• Adult onset 
• 50% are non-atopic
• have CRSwNP (~25%)
• OCS dependent/responsive
• Have a low FEV1

• The workup of patients with severe uncontrolled asthma now requires 
immunophenotyping that includes:

• CBC with diff to check for Eosinophils
• Total IgE- to screen for asthma variants
• SPT or Immunocap/RAST testing-identify IgE mediated inflammation
• PFTs 
• FeNO- to identify IL-13/eosinophilic mediated airway inflammation

Severe Eosinophilic Asthma

Buhl et al ERJ 2017 49: 1700634

iNOS FeNO
FeNO

FeNO

• Lam brecht BN , Ham m ad H. N at Im m unol. 2015;16(1):45-56.

Evolving Paradigm of Adaptive and Innate Mediators of 
Airway Inflammation
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Rate of deaths due to asthma in the United States from 2001 to 
2021 (per million population)
Asthma mortality rate in the United States from 2001 to 2021

Note(s): United States; 2001-2021
Further information regarding this statistic can be found on page 8.
Source(s): CDC (CDC Wonder); ID 1128286
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Omalizumab

ICS/LABA

Mepolizumab

Resi/Benralizumab

Dupilumab

Tezepelumab

Death rates from asthma in the United States in 2021, by state. 
NH/Maine/VT did not make the list

Asthma death rates in the United States in 2021, by state

Note(s): United States; age-adjusted
Further information regarding this statistic can be found on page 8.
Source(s): CDC; ID 623034
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• HPI: 68 yo male (retired MD) referred for an opinion regarding severe asthma. 
Developed allergies and asthma at age 18 when he lived in California. Asthma 
was relatively mild during his adult life with occasional flares and intermittent use 
of controller medications. 

• 2-3 years ago noticed very slow onset of increasing SOB, trouble exercising. No 
frank flares. He increased his use of ICS/LABA. Tried a course of prednisone. 
Cardiac workup negative. 

• Fluticasone/Salmeterol 500/50, montelukast, Spiriva, Albuterol
• Allergies to dogs and cats, ragweed, dust mites, pollen
• Asthma, Eczema, and allergies but not tested in years
• Denies GERD symptoms or chronic sinus problems. 
• Never smoker, lives in a single-family home with no pets, HVAC, area rugs

Case History #2

18

Case #2: PE/Labs

FVC FEV1 FEV1/FVC FENO TLC RV DLco

01/31/17 91(%) 54(%) 0.45 100ppb 95 (%) 90(%) 100(%)

• PE:  Good air entry.  Clear with no wheezing. ACT score 20

• Bloodwork: IgE 169 IU/ml, Eos  480 cells/ul. ANCA negative

• Allergy tests:  Dog,cat, trees, dust mite

• Radiology: PA/Lat CXR and unremarkable

http://www.statista.com/statistics/1128286/asthma-mortality-rate-us
http://www.statista.com/statistics/623034/us-states-with-highest-asthma-death-rates
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• Allergic and eosinophilic severe asthma patient on max dose 

ICS/LABA/LAMA/LTRA. SOB with exertion, low lung function, some OCS 

but not alot.
• What would you do?

Low dose ICS whenever 
SABA taken, or daily LTRA, 
or add HDM SLIT

Medium dose ICS, or 
add LTRA, or add 
HDM SLIT

Add LAMA or LTRA or 
HDM SLIT, or switch to 
high dose ICS

Add azithromycin (adults) or 
LTRA. As last resort consider 
adding low dose OCS but 
consider side-effects

RELIEVER: As-needed short-acting beta2-agonist

STEP 1
Take ICS whenever 
SABA taken

STEP 2
Low dose 
maintenance ICS

STEP 3
Low dose 
maintenance 
ICS-LABA

STEP 4
Medium/high
dose maintenance 
ICS-LABA

STEP 5
Add-on LAMA
Refer for assessment
of phenotype. Consider 
high dose maintenance 
ICS-LABA, ± anti-IgE,
anti-IL5/5R, anti-IL4R, 
anti-TSLP

RELIEVER: As-needed low-dose ICS-formoterol

STEPS 1 – 2
As-needed low dose ICS-formoterol

STEP 3
Low dose 
maintenance 
ICS-formoterol

STEP 4
Medium dose 
maintenance 
ICS-formoterol

STEP 5
Add-on LAMA
Refer for assessment
of phenotype. Consider 
high dose maintenance 
ICS-formoterol,
± anti-IgE, anti-IL5/5R, 
anti-IL4R, anti-TSLP

Treatment of modifiable risk factors 
and comorbidities
Non-pharmacological strategies
Asthma medications (adjust down/up/between tracks) 
Education & skills training

Adults & adolescents 
12+ years
Personalized asthma management
Assess, Adjust, Review
for individual patient needs

Symptoms 
Exacerbations 
Side-effects 
Lung function
Patient satisfaction

Confirmation of diagnosis if necessary 
Symptom control & modifiable
risk factors (see Box 2-2B)
Comorbidities
Inhaler technique & adherence 
Patient preferences and goals

CONTROLLER and
PREFERRED RELIEVER
(Track 1). Using ICS-formoterol 
as reliever reduces the risk of 
exacerbations compared with 
using a SABA reliever

Other controller options for either 
track (limited indications, or less 
evidence for efficacy or safety)

CONTROLLER and
ALTERNATIVE RELIEVER
(Track 2). Before considering a 
regimen with SABA reliever, 
check if the patient is likely to be 
adherent with daily controller

See GINA
severe 
asthma guide

© Global Initiative for Asthma, www.ginasthma.orgGINA 2022, Box 3-5A

Phenotype- Adult allergic and eosinophilic severe asthma

High FeNO, Eos, + allergy tests

Limitations of GINA/NAEPP/ATS/ERS Guidelines: a case 
for phenotyping all patients

• Contribute to the dogma that all asthma is steroid responsive

• Do not embrace the heterogeneity of disease within and across the STEP 
levels

• Assume that all patients (at least partially) respond to a STEP treatment, so 
piling on treatments is the primary approach

• There is poor alignment between GINA and NAEPP which leads to confusions 
for providers and patients

• Phenotyping is only recommended if a patient is ”difficult to control”

21

Case: Response to Mepolizumab

• Patient started dupilumab
• Exercise tolerance and lung function significantly improved in 6 months 
• Stopped using controller medication- uses Symbicort PRN

FVC FEV1 FEV1/FVC FENO TLC RV DLco

01/31/17 91 54 0.45 100ppb 95 (%) 90(%) 100(%)

05/31/17 112 82 0.56

08/11/20 112 87 0.59 37ppb

10/31/23 119 94 0.60 54ppb

Case illustrates 2 important advances 
in asthma control

Rate of lung function in Phase 3 Dupilumab Trial (Quest)

Pavord et al. AJRCCM 2024

Do patients become less adherent to their inhaled steroids following initiation of 
biologic therapy? If so, does it matter?

d’Ancona G, et al. Eur Respir J 2020;55:1902259 and Allergy 2021;76:2238–2241

Exacerbation rate change on mepolizumab 
stratified by ICS adherence1
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Exacerbation rate change on benralizumab
stratified by ICS adherence2
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ICS reduction: evidence from the SHAMAL trial 

SHAMAL trial design: maintenance therapy reduction

ICS/LABA dose reduction schedule
1. Medium-dose ICS/LABA: (budesonide/formoterol 200/6 µg) ×2 BID + reliever PRN 

2. Low-dose ICS/LABA: (budesonide/formoterol 200/6 µg) ×1 BID + reliever PRN 
3. Reliever-only ICS/LABA: (budesonide/formoterol 200/6 µg) PRN 

FASENRA 30 mg Q8W SC (n=125)

+  H igh -dose  IC S /LA B A  (budeson ide /fo rm o te ro l 400 /12  µg )
×2  B ID  +  S A B A re lieve r P R N

FASENRA 30 mg Q8W SC (n=43)

32-week ICS/LABA maintained

IC S /LA B A  reduction  (from  W eek  0 )

16-week ICS/LABA maintained

FASENRA 30 mg Q8W SC
+  H igh -dose  IC S /FO R M  (400 /12  µg ) 

×2  B ID  +  S A B A  re lieve r P R N

FASENRA 30 mg Q8W SC
+  M a in tenance  IC S /LA B A  

o r re lieve rRa
nd

om
is

at
io

n Reference 
arm

Treatment 
reduction 

arm

32-week ICS/LABA reduced 16-week ICS/LABA maintained

Treatment reduction period Treatment maintenance period
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Shamal algorithm for stepping up or down inhaled therapy

Patients whose asthma remained controlled had their 
ICS/LABA dose tapered according to the following 
schedule:

1. Medium-dose ICS/LABA 
(budesonide/formoterol 200/6 µg) ×2 BID + reliever 
PRN 

2. Low-dose ICS/LABA 
(budesonide/formoterol 200/6 µg) ×1 BID + reliever 
PRN 

3. Reliever-only ICS/LABA 
(budesonide/formoterol 200/6 µg) PRN 

ICS/LABA dose reduction schedule

Asthma exacerbation

Stop tapering down

Investigator 
to decide whether to 

increase ICS/formoterol 
dose or remain on 

current dose 

Change from baseline 
in ACQ-5 score

Worsening 
(≥0.5 points)

No worsening 
(<0.5 points)

Weekly average number of 
ICS/formoterol 200/6 µg 

inhalations/day

Weekly average number of 
ICS/formoterol 200/6 µg 

inhalations/day

>8 inhalations ≤8 inhalations >8 inhalations ≤8 inhalations

Stop tapering down

Investigator to decide 
whether to increase 

ICS/formoterol dose or 
remain on current dose 

Delay taper, remain on 
current ICS/formoterol dose

Remain on current 
ICS/formoterol dose 

Reduce 
ICS/formoterol dose

NoYes

Jackson et al. Eur Respir J 2023;62:RCT798 Jackson et al. Eur Respir J 2023;62:RCT798

Tapering of ICS/LABA maintenance in patients controlled on 
biologics: SHAMAL

Change in mean total daily ICS dose through Week 48
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Jackson et al. Eur Respir J 2023;62:RCT798

MCID 0.5

Some increase in exacerbations in tapering arm

Guideline based management– the addition of AIRS 

Severity
Mild Severe

Anti-inflammatory Reliever Therapies for Moderate to Severe 
Asthma 

Patient Assessment
• Baseline maintenance regimen
• Preferences re: reliever and number of inhalers used
• Insurance coverage

+ : One inhaler
- : No albuterol in reliever

+: No change in maintenance, albuterol in 
reliever, nebulizers incorporated

- : Multiple inhalers

+: No change in maintenance,    
albuterol in reliever 

-: Multiple inhalers

MART
ICS/formoterol as maintenance and 

reliever

PARTICS
Baseline maintenance + 

1 puff ICS: 1 puff SABA or 5 puffs ICS: 1 nebulizer as 
reliever

albuterol/budesonide
Baseline maintenance + 

albuterol/budesonide as reliever

As needed Albuterol/Budesonide for treatment of asthma symptoms

N=1209 N=1212

Albuterol–Budesonide Albuterol
(180 µg) (160 µg) (180 µg)

Participants

• 2421 persons ≥12 years of age
• Mean age, 43 years
• Female: 68%; Male: 32%

Patient’s regimen shifted to ICS/LABA q12 BID and q4 hours PRN not to exceed 12 puffs a day

LaForce C et al. | NEJM, May 19, 2025



10/17/25

6

Leveraging Pharmacogenomics in Asthma for Prediction, 
Mechanism and Endotyping

NHLBI 
Epiphany Study

Multi-Center Collaboration
Hypothesis: Translational, “omics”, and system medicine 
approaches will define biomarkers and responsiveness to biologic 
therapies and better characterize disease heterogeneity

These studies are promising but we need better 
biomarkers/predictors of response and outcome

Towards a blood based signature to predict biologic 
responsiveness- Dupilumab/benralizumab

Biologic 1 Biologic 2

further study. With multiple biologic options available, a personal-
ized approach to biologic treatment and switching may improve out-
comes in patients with SA.

Supplementary Data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.anai.2022.06.012
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Biologic Initiation by Year

• 79% of patients continued their first biologic
• 10.2% stopped
• 10.8% switched 

R.A. Panettieri et al. / Ann Allergy Asthma Immunol 129 (2022) 467−474 

Switching 2018-2021

• 20 yo female, h/o childhood asthma- multiple hospital admissions as a child and 
prednisone tapers, never intubated. Moved from Pennsylvania to CT 5 months ago with 
her newborn (9 months old) to live with her mother

• 3 Stepdown admissions in the last year. Seen in YCAAD a month ago and started on 
Benralizumab

• Increasing asthma symptoms started 5 days ago. Wheezing, cough, mucus production 
and SOB. Seen in the ER yesterday for asthma, discharged after treatment with 
albuterol nebs, prednisone. Acutely worsened today- came to ER

• Has only albuterol inhaler/nebs at home, using excessively for last 6 weeks
• Smokes cannabis daily often in the form of blunts
• Known triggers weather humidity, cats, exercise

Case #3

Articles

www.thelancet.com/respiratory   Vol 13   January 2025 65

no difference in the EuroQoL between pooled-BENRA 
compared with PRED at day 90. The treatment effect for 
the individual PRED, BENRA, and BENRA plus PRED 
treatment groups at each of the study visits are presented 
in the appendix (pp 7–12). There was no difference 
between any of these measurements for the BENRA 
versus BENRA plus PRED groups. 

Lung function parameters improved across all 
treatment groups. There was no difference in the mean 
improvement change in FEV1, FVC, or PEF between 
PRED and pooled-BENRA at day 28 (appendix p 13).

The point estimates for time to treatment failure all 
favoured pooled-BENRA, with HRs ranging between 
0·18 and 0·69 (figure 3). This was irrespective of age, sex, 
disease, baseline FEV1, or the biomarkers at exacerbation; 
blood eosinophil count and fractional exhaled nitric oxide.

The total number of reported adverse events was 324, 
occurring in 128 patients. 129 adverse events occurred in 
48 (91%) of the 53 patients in the PRED group, 95 adverse 
events occurred in 41 (77%) of the 53 patients in the 
BENRA group, and 100 events occurred in 39 (75%) of the 
52 patients in the BENRA plus PRED group. 
Hyperglycaemia and sinusitis or sinus infection only 

occurred in the treatment groups that were administered 
prednisolone (table 3). There were no fatal adverse events.

Discussion
In patients with an eosinophilic exacerbation of 
asthma or COPD, a single subcutaneous injection 
of benralizumab, with or without a short course of 
systemic glucocorticoids (oral prednisolone) reduced 
treatment failures, prolonged time to first event, and 
improved respiratory symptoms and disease-specific 
health quality compared with standard care with oral 
corticosteroids following an exacerbation.

Current treatment strategies for acute exacerbations are 
limited to systemic glucocorticoids, antibiotic therapy, or 
both, with evidence restricted to only a few clinical trials.8,22 
Systemic glucocorticoids are used to reduce treatment 
failures in COPD exacerbations22 or relapses in asthma 
attacks;8 but repeatedly, treatment failure rates persist and 
mortality remains a concern.9 The harm associated with 
even short courses of systemic corticosteroids has been 
recognised,23 with cumulative doses of more than 
0·5 g/year associated with an increased risk of unwanted 
side-effects and co-morbidity in patients with asthma.24 In 

Figure 3: Post-hoc sub-group analysis for time to treatment failure in the PRED and pooled-BENRA study treatment groups
Data are presented according to diagnosis, steady state lung function, smoking history, sex, age, and exacerbation biomarkers (eosinophils and fractional exhaled 
nitric oxide). The PRED group indicates the prednisolone only group. The pooled-BENRA group indicates the benralizumab alone and the benralizumab plus 
prednisolone groups pooled together.
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0·45 (0·25–0·81)
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0·49 (0·30–0·80)

0·39 (0·20–0·77)
0·49 (0·27–0·86)

0·61 (0·30–1·23)
0·36 (0·20–0·65)

 0·0003

 0·0037
 0·027
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90-day follow-ups, and no patients withdrew or were lost to 
follow-up. There were 88 (56%) patients with asthma, 
51 (32%) with COPD, and 19 (12%) with both asthma and 
COPD. 63 patients (40%) were classified as never smokers, 
80 (51%) were classified as former smokers, and 15 (9%) as 
current smokers. The mean post-bronchodilator FEV1 (L) 

was 2·1 L (SD 0·9) and FEV1 percent predicted at steady 
state was 71·8% (23·9). Almost all patients (156 [99%]) 
were taking inhaled glucocorticoid therapy before 
randomisation; with 23 (15%), 20 (13%) and 113 (72%) 
taking low-dose, medium-dose, and high-dose inhaled 
glucocorticoids, respectively. There were 21 (13%) patients 
recruited directly from the emergency department. The 
median symptom duration was 5 days (IQR 3–7). Patient 
characteristics were similar between treatment groups and 
are presented in table 1.

There were 39 (74%) treatment failures in the PRED 
group, 25 (47%) in the BENRA group, and 22 (42%) in the 
BENRA plus PRED treatment group. There was 
a significant difference in proportions of treatment 
failures between PRED and pooled-BENRA (favouring 
pooled BENRA, OR 0·26 [95% CI 0·13–0·56]; p=0·0005). 
The 28-day total VAS symptoms were significantly better 
in the pooled-BENRA group compared with the PRED 
group (least-square mean difference, 49 mm [95% CI 
14–84]; p=0·0065; table 2). In the individual treat-
ment groups, there was a significant difference in the 
co-primary outcome favouring BENRA over PRED and 
in favouring BENRA plus PRED over PRED. For the 
primary outcome there was no difference between 
BENRA or BENRA plus PRED (appendix p 4). The 
number needed to treat with pooled-BENRA to prevent 
a treatment failure was 4.

The time to first treatment failure event within 90 days 
was significantly longer in the pooled-BENRA group 
than in the PRED group (HR 0·39 [95% CI 0·25–0·61], 
log-rank p=0·0003; figure 2). The time to first treatment 
failure within 90 days was not different between BENRA 
and BENRA plus PRED (HR 0·76 [95% CI 0·43–1·36], 
log-rank p=0·68; appendix p 6). The number of treatment 
failures within 30 days was 24 (45%) of 53 for the PRED 
group, 13 (25%) of 53 for the BENRA group, and 
ten (19%) of 52 for the BENRA plus PRED group. There 
was a significant reduction in treatment failure risk in 
pooled-BENRA compared with PRED at 30 days 
(OR 0·30 [95% CI 0·14–0·63]; p=0·0015); and no 
difference between BENRA and BENRA plus PRED 
(OR 0·70 [0·27–1·83]; p=0·47).

At day 28, there was a significant improvement in MRC 
dyspnoea scale between the pooled-BENRA group 
compared with the PRED group (difference 0·39 [95% CI 
0·08 to 0·69]; p=0·013). The asthma-specific symptom 
questionnaires showed a significant and clinically 
meaningful improvement in pooled-BENRA compared 
with PRED for ACQ7 (mean difference 0·5 [95% CI 
0·1 to 0·9]; p=0·029) and AQLQtotal (mean difference 
0·53 [0·04 to 1·02]; p=0·035) at day 28. These 
improvements were not seen for the ACT (mean 
difference 1·6 [95% CI –0·4 to 3·6], p=0·12). The CAT 
showed a clinically meaningful but non-significant 
improvement favouring the pooled-BENRA group 
compared with the PRED group at day 90 (mean 
difference 3·6 [95% CI –2·9 to 10·1]; p=0·27). There was 

PRED group 
(n=53)

Pooled-BENRA group 
(n=105)

p value

Number of patients with treatment failure at 
90 days

39 (74%) 47 (45%) ··

Odds ratio (95%CI) vs PRED group ·· 0·26 (0·13 to 0·56) 0·0005

Change in total VAS symptoms from exacerbation to day 28

Mean change (95% CI) in mm 103 (75 to 132) 152 (131 to 173) ··

Least-square mean difference vs PRED group ·· 49 (14 to 84) 0·0065

Change in total VAS cough from exacerbation to day 28

Mean change (95% CI) in mm 23 (16 to 30) 34 (28 to 39) ··

Least-square mean difference vs PRED group ·· 10 (2 to 19) 0·020

Change in total VAS dyspnoea from exacerbation to day 28

Mean change (95% CI) in mm 27 (19 to 34) 34 (28 to 39) ··

Least-square mean difference vs PRED group ·· 7 (–2 to 16) 0·133

Change in total VAS wheeze from exacerbation to day 28

Mean change (95% CI) in mm 23 (16 to 29) 36 (32 to 41) ··

Least-square mean difference vs PRED group ·· 14 (6 to 22) <0·001

Change in total VAS sputum purulence from exacerbation to day 28

Mean change (95% CI) in mm 13 (7 to 18) 24 (20 to 28) ··

Least-square mean difference vs PRED group ·· 11 (4 to 18) 0·002

Change in total VAS sputum volume from exacerbation to day 28

Mean change (95% CI) in mm 17 (11 to 23) 26 (21 to 30) ··

Least-square mean difference vs PRED group ·· 9 (2 to 17) 0·016

The VAS was measured on a 100 mm scale for which 0 indicated the best symptoms and 100 indicated the worst 
symptoms. For VAS the minimal clinical important difference is 9. All analyses were adjusted for randomisation 
stratification factors namely diagnostic label, steady state FEV1 predicted, number of exacerbations in the previous 
year, and smoking status. The PRED group indicates the prednisolone only group. The pooled-BENRA group indicates 
the benralizumab alone and the benralizumab plus prednisolone groups pooled together. 

Table 2: Primary endpoint for the PRED and the pooled-BENRA treatment groups

Figure 2: Kaplan–Meier plot of time to first treatment failure event in the PRED and pooled-BENRA treatment 
groups
The PRED group indicates the prednisolone only group (blue line). The pooled-BENRA group indicates the 
benralizumab alone and the benralizumab plus prednisolone groups pooled together (red line).
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Data Source
IQVIA Longitudinal Access Database (2015-2018)

• 1.5 billion medical claims

• 92% retail pharmacy coverage
• 72% mail-order coverage

Inclusion Criteria
ICD-9/10 asthma diagnosis + ≥1 maintenance therapy claim during 2016

Excluded: COPD comorbidity

4.5M
Total Patients

Analyzed across all ages and 

severities

2,935
US Counties

Geographic analysis conducted

56%
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Gender distribution
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A B S T R A C T

Background: Asthma control assessment is based on impairment (current symptoms) and risk (exacerbation
history).
Objective: To understand the extent of uncontrolled asthma, we assessed relationships between prescription fills
for systemic corticosteroids (SCS) and short-acting b2-agonists (SABA) as risk and impairment markers,
respectively.
Methods: Annual SCS and SABA fills among US patients with asthma were evaluated by a retrospective analysis
of the IQVIA Longitudinal Access and Adjudication Data. Patients’ disease severity was assigned based on the
Global Initiative for Asthma step-therapy level. Exacerbations were evaluated by SCS fills within 12 months of a
first asthma prescription fill. Uncontrolled asthma was defined as 2 or more SCS and/or 3 or more SABA fills
annually. Individual patient relationships between SCS and SABA fills were assessed using Pearson’s correlation
coefficients.
Results: A total of 4,506,527 patients were included; 15.1% had 2 or more SCS fills, 29.1% had 3 or more SABA fills,
and 37.4% fulfilled either or both criteria. If only SCS use was assessed, 21.4% of cases that were treated as mild to
moderate and 27.6% that were treated as severe asthma would have been misclassified as controlled. If only SABA
use was evaluated, 7.8% of cases treated as mild to moderate and 11.2% treated as severe asthma would have been
misclassified. Overall, 80.9% of uncontrolled asthma occurred in patients treated for mild to moderate disease. Among
patients with 2 or more SCS fills, the mean SABA fills were 2.9; the correlation between SCS and SABA fills per
patient was significant but weak (r = 0.18; P < .001).
Conclusion: High symptom burden and SCS exposures are not limited to severe asthma but are also characteris-
tic of patients treated for mild to moderate disease. Both impairment and risk assessments are required to under-
stand the full extent of uncontrolled asthma across disease severities.
© 2024 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. This is an open access arti-

cle under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Asthma management recommendations by the Global Initiative
for Asthma (GINA) and the National Asthma Education and Preven-
tion Program (NAEPP) state that the goal of treatment is to control
asthma symptoms and to minimize the risk for asthma-related exac-
erbations, mortality, and adverse effects of treatment.1,2 According to
GINA 2024 and NAEPP 2007, asthma severity can be assessed retro-
spectively from the level of treatment required to control symptoms
and the occurrence of exacerbations.1,2 It is estimated that approxi-
mately 5% to 10% of patients with asthma have severe uncontrolled
asthma (SUA), conventionally defined as asthma that remains

uncontrolled despite appropriate treatment with inhaled corticoste-
roids/long-acting b2-agonist (ICS/LABA).2-6 Using treatment require-
ments to estimate asthma severity may not lead to the most accurate
assessment of disease burden, because response to therapy can
change with variability in triggers, and clinicians may not reassess
medication regimens based on changes in symptoms or exacerbation
occurrence. It is important to note that asthma severity is distinct
from asthma control. Control is defined by 2 distinct domains—
impairment (current symptoms) and risk (exacerbation history).1

The latest GINA report emphasizes that patients with good symptom
control can still experience severe exacerbations.2

Expert opinion guidelines and reports suggest thresholds for
symptoms and exacerbations that would be consistent with well-
controlled asthma; these thresholds refer to short-acting b2-agonist
(SABA) use (reflecting impairment) and exacerbation history (a risk
factor for future exacerbations). According to GINA, SABA usage 2
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15%

≥2 annual SCS claims (exacerbation risk)

29%

≥3 annual SABA fills (symptom impairment)

Critical Finding: 1.7 million patients with uncontrolled asthma—equivalent to the population of Philadelphia

Asthma Control in the United States

with therapies appropriate for mild to moderate asthma (GINA
201817 steps 1-3 or NAEPP 20071 steps 1-3), and 640,936 (14.2%)
were treated with therapies appropriate for severe disease (GINA
steps 4-5 or NAEPP steps 4-6). Of the total population, 681,257
(15.1%) had 2 or more asthma exacerbations, 1,313,231 (29.1%) filled
3 or more SABA canisters annually, and 1,685,269 (37.4%) met either
or both criteria of uncontrolled disease.

Uncontrolled Asthma According to Asthma Severity

Among the patients treated for mild to moderate asthma (ie,
those not considered to be treated for severe asthma according to

the predetermined criteria), 537,025 (13.9%) had 2 or more
annual SCS claims, 1,063,983 (27.5%) had 3 or more annual SABA
claims, and 1,364,102 (35.3%) fulfilled either or both criteria
(Fig 1A). Without considering both factors of control, 827,077
patients (21.4%) would have been misclassified as having con-
trolled asthma if only the risk criterion (≥2 annual SCS claims)
was assessed, and 300,119 (7.8%) would have been misclassified
if only the symptom-based impairment criterion (≥3 annual SABA
canister claims) was considered. A greater proportion of patients
that were treated for severe asthma met 1 or both criteria for
uncontrolled asthma than those treated for mild to moderate
asthma. For patients treated for severe asthma, 144,232 patients
(22.5%) had 2 or more annual SCS claims, 249,248 (38.9%) had 3
or more annual SABA claims, and 321,167 (50.1%) fulfilled either
or both criteria (Fig 1B). Without considering both factors associ-
ated with control, 176,935 patients (27.6%) treated for severe
asthma would have been misclassified as controlled if only the
risk criterion (≥2 annual SCS claims) was assessed and 71,919
(11.2%) would have been misclassified if only the symptom-based
impairment criterion (≥3 annual SABA canister claims) was con-
sidered.

When considering the entire analyzed population of 4,506,527,
using 2 or more SCS and/or 3 or more SABA claims annually
(composite indicator) as the indicator of control led to a more
discriminating assessment of uncontrolled asthma than could be
ascertained if risk or impairment alone were considered. Of the
population treated for mild to moderate asthma, 1,364,102
patients (30.3% of the total asthma population) were found to
have uncontrolled disease (Fig 2A). Of the population treated for
severe asthma, 321,167 patients (7.1% of the total asthma popula-
tion) were determined to have uncontrolled asthma (Fig 2B). For
each of the individual factors (SCS alone or SABA alone) and the
composite indicator of asthma control (SCS and/or SABA), a
greater number of patients had uncontrolled asthma in the group
treated for mild to moderate asthma than those treated for severe
asthma. Of the 1,685,269 total patients with uncontrolled asthma,
1,364,102 (80.9%) were classified as having mild to moderate dis-
ease (GINA steps 1-3).

Correlation Between Systemic Corticosteroid and Short-Acting
b2-Agonist Canister Claims

Among patients without SCS fills (n = 2,950,919), the median (IQR)
number of annual SABA fills was 1.0 (0-3.0). Among the 874,351

Table 1
Clinical Characteristics of the Study Population

Characteristics, n (%) Patients with asthma (n = 4,506,527)
Age categories (y)

0-5 546,937 (12.1)
6-11 797,607 (17.7)
12-17 545,978 (12.1)
18-34 660,274 (14.7)
35-49 696,546 (15.5)
50-64 781,791 (17.3)
≥65 427,798 (9.4)
Unknown 49,596 (1.1)

Sexa

Male 1,971,504 (43.7)
Female 2,534,549 (56.2)
Unknown 474 (0.01)

Controller medication class
ICS/LABA 1,294,911 (28.7)
ICS 1,501,002 (33.3)
LM 814,897 (18.1)
SABA only 895,717 (19.9)

Disease severity
Mild to moderate 3,865,591 (85.8)
Severe 640,936 (14.2)

Annual exacerbationsb

≥1 1,555,608 (34.5)
≥2 681,257 (15.1)
≥3 327,098 (7.3)

Annual SABA canister claims
<2 3,193,296 (70.9)
≥3 1,313,231 (29.1)

Abbreviations: ICS, inhaled corticosteroids; LABA, long-acting b2-agonist; LM, leukotri-
ene modifier; SABA, short-acting b2-agonist; SCS, systemic corticosteroid.
aDefined as the biological characteristics of males and females.
bAn exacerbation was defined by a pharmacy claim for SCS within 12 months of the
first 2016 asthma pharmacy claim.

Figure 1. Prevalence of claims-based uncontrolled asthma among patients stratified as treated for mild to moderate asthma (A) and for severe asthma (B) based on the level of
maintenance therapy filled. GINA, Global Initiative for Asthma; SABA, short-acting b2-agonist; SCS, systemic corticosteroid.
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37% of all the patients were uncontrolled 

81%
of uncontrolled patients had m ild to m oderate asthma

1.36 million patients treated as mild-moderate had 

uncontrolled disease

Breakdown by Severity

The majority of uncontrolled asthma burden exists in patients not classified as severe

Figure 2. Relative to the total population of patients with asthma (n = 4,506,527), the percentage and number of patients treated for mild to moderate uncontrolled asthma (A) or
for severe uncontrolled asthma (B) are shown. SABA, short-acting b2-agonist; SCS, systemic corticosteroid.

Figure 3. SCS and SABA comparisons. F, female; M, male; SABA, short-acting b2-agonist; SCS, systemic corticosteroid.
aPatient numbers per annual SCS fills: 0, n = 2,950,919; 1, n = 874,351; 2, n = 354,159; 3, n = 153,974; 4, n = 73,755; 5, n = 37,115; ≥6, n = 62,254.
bGray bar indicates standard for uncontrolled asthma (ie, 2 SCS courses or 3 SABA canister fills annually).
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Geographic Variability Reveals Hotspots
High-resolution county-level mapping identified significant geographic disparities in uncontrolled asthma burden

Clinical Implication: Geographic mapping can direct resources and interventions to areas with greatest disease burden

This weak correlation we observed between SCS and SABA use sug-
gests that patients with less symptomatic asthma still experience exac-
erbations. Several population-level studies that used the Merative
MarketScan research databases of US administrative claims over a sim-
ilar period revealed that, among patients with asthma aged 12 years or
older with only 1 SABA canister fill per year, 48.5% had 1 or more
severe exacerbation in that same year26; for similarly aged patients
treated for intermittent asthma (ie, SABA only as rescue with no main-
tenance medication), 65.2% had 1 or more severe exacerbation28; and
among patients with asthma aged 4 years or older, similar proportions
of those treated for intermittent asthma and those treated for severe
asthma experienced 1 or more annual severe exacerbation (57.0% and
55.2%, respectively).29 These findings further support the importance
of this study’s observation that more than 4 in 5 patients with uncon-
trolled asthma are treated for mild to moderate disease. Therefore,
greater attention to assessment and management of asthma in pri-
mary care, where most patients with asthma are treated in the United
States, could lead to significant decreases in morbidity.30,31

As in our previous study that analyzed SUA relative to 2 or more
annual SCS claims,16 the novel heatmap approach employed in these
analyses permitted visualization of the considerable variability in
uncontrolled asthma that occurs at the county level across the United
States when a measure of symptom impairment (SABA use) is added
to a measure of risk (asthma exacerbation occurrence) to appreciate
the full extent of uncontrolled disease. A separate study conducted in
Germany has reported similar findings when using both the risk and
impairment criteria in patients with asthma treated with GINA steps
4 and 5.32 Such a combined approach—as employed in this study—
provides a better understanding of the full extent of uncontrolled dis-
ease, represents an enhanced method of classification, and demon-
strates a larger than expected population with uncontrolled asthma.
Of note, although 92.3% and 92.5%, respectively, of counties within
the highest quartile for uncontrolled asthma based on either 2 or
more annual SCS or 3 or more annual SABA claims were in the top
quartile for both criteria, only 15.1% of patients within these counties
had 2 or more SCS fills. As with the SABA threshold for uncontrolled

Figure 5. Uncontrolled asthma heatmaps.
SABA, short-acting b2-agonist; SCS, systemic corticosteroid.
aThe total patient numbers are related to the map and may not match exactly with the study.
bUncontrolled asthma was defined as ≥2 annual exacerbations and/or ≥3 SABA prescription fills within 12 months of the first 2016 asthma pharmacy claim.
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of this study’s observation that more than 4 in 5 patients with uncon-
trolled asthma are treated for mild to moderate disease. Therefore,
greater attention to assessment and management of asthma in pri-
mary care, where most patients with asthma are treated in the United
States, could lead to significant decreases in morbidity.30,31

As in our previous study that analyzed SUA relative to 2 or more
annual SCS claims,16 the novel heatmap approach employed in these
analyses permitted visualization of the considerable variability in
uncontrolled asthma that occurs at the county level across the United
States when a measure of symptom impairment (SABA use) is added
to a measure of risk (asthma exacerbation occurrence) to appreciate
the full extent of uncontrolled disease. A separate study conducted in
Germany has reported similar findings when using both the risk and
impairment criteria in patients with asthma treated with GINA steps
4 and 5.32 Such a combined approach—as employed in this study—
provides a better understanding of the full extent of uncontrolled dis-
ease, represents an enhanced method of classification, and demon-
strates a larger than expected population with uncontrolled asthma.
Of note, although 92.3% and 92.5%, respectively, of counties within
the highest quartile for uncontrolled asthma based on either 2 or
more annual SCS or 3 or more annual SABA claims were in the top
quartile for both criteria, only 15.1% of patients within these counties
had 2 or more SCS fills. As with the SABA threshold for uncontrolled

Figure 5. Uncontrolled asthma heatmaps.
SABA, short-acting b2-agonist; SCS, systemic corticosteroid.
aThe total patient numbers are related to the map and may not match exactly with the study.
bUncontrolled asthma was defined as ≥2 annual exacerbations and/or ≥3 SABA prescription fills within 12 months of the first 2016 asthma pharmacy claim.
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Conclusions

• Large scale analyses of claims databases using OCS/SABA prescriptions to define 

uncontrolled suggest that a large percentage of patients (35-50%) remain 

uncontrolled in 2025.

• However, asthma mortality has plummeted over the last 20 years which correlates 

with the advent novel therapies/approaches particularly targeted biologic therapies

• Biologic therapies have also allowed patients to optimal control and reduce the use 

of both OCS and ICS (SHAMAL)

• Biologic therapies also may also be effective in patients with asthma or COPD and 

elevated eosinophils at the time of exacerbations (ABRA)

• ICS/SABA for all GINA treatment steps if implemented will lead to further 

improvements in asthma control. Strategies are in development to improve 

implementation 

• Four new biologics —mepolizumab, reslizumab, benralizumab, and dupilumab directed vs. type 2 
inflammation 

• (While not in editorial, other anti-type 2 agents are approved or in phase III development, including 
targeting of IL-33 and TSLP)

• None has eliminated exacerbations in all patients and normalized the physiological changes 
that are the core of the asthmatic diathesis

• Some subjects are “asthma free” and some have no effects from targeted biologic therapy 

• “We need to go beyond blood eosinophil counts, nitric oxide, and the presence 
of viral infections. There are other markers, yet to be discovered and validated, 
that will guide more effective treatment of severe asthma; let’s commit to 
finding them.”

NEJM, May, 2018


