Ann Allergy Asthma Immunol 000 (2021) 1-6

Contents lists available at ScienceDirect

Annals

ot Allergy, Asthma s immunology

©

Review

Treatment approaches for the patient with T2 low asthma

Tara F. Carr, MD

Asthma and Airway Disease Research Center, University of Arizona, Tucson, Arizona

ARTICLE INFO ABSTRACT

Article history:

Received for publication April 16, 2021.
Received in revised form May 10, 2021.
Accepted for publication May 13, 2021.

Objective: To identify treatment approaches that can be used in the management of patients with asthma who
lack significant type 2 inflammation, also called T2 low asthma.

Data Sources: Recent expert guideline updates on the management of asthma, recent journal articles and review
articles, and foundational journal articles are referenced.

Study Selections: This review cites clinical cohort studies of highly characterized patients with asthma, clinical
interventional trials of high impact, mechanistic studies relevant to T2 low asthma, and emerging work in this area.
Results: T2 low asthma accounts for approximately one-third to one-half of individuals with asthma. Character-
istics of participants with T2 low asthma include higher body mass index, cigarette smoking/smoke exposure,
relative lack of responsiveness to steroids, less bronchodilator reversibility, and often the presence of neutro-
philic inflammation. Multiple available interventions target these characteristics, including standard inhalers,
azithromycin, and lifestyle interventions of weight loss and smoking cessation.

Conclusion: Treatment of T2 low asthma should involve currently available approaches and will benefit from
improved definition and understanding of disease pathobiology.

© 2021 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction

Clinicians who treat patients with asthma will readily recognize
that individuals with severe or difficult-to-control asthma require
treatments beyond the usual doses of inhaled corticosteroid and
[3-agonist. The biologic medications currently available in the United
States all target pathways of type 2 inflammation which are sus-
pected to be driving asthma disease severity and exacerbation risk.
These medications are not indicated for patients without having sub-
stantial type 2 inflammation, also termed T2 low asthma. The pres-
ence of T2 low asthma has been long recognized, and subgroups are
defined based on dominant inflammatory and clinical characteristics
of those patients." Nevertheless, specific therapies targeted at sus-
pected inflammatory pathways in T2 low asthma have not found the
same degree of benefit for asthma control as the existing biologics
have for T2 asthma. In this review, we will discuss the prevalence of
T2 low asthma, clinical and physiological characteristics of T2 low
asthma, and current therapies available for patients with T2 low
asthma.
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Defining T2 Low Asthma

Type 2 low asthma can be defined as the absence of substantial
type 2 inflammation involving the lung. Type 2 inflammation is
inflammation characterized by type 2 innate lymphoid cells and type
2 CD4+ helper T cells producing pathognomonic cytokines interleu-
kin (IL)-4, IL-13, and IL-5. Patients with type 2 asthma therefore have
clinical features downstream of these cytokines, notably the produc-
tion of antigen-specific immunoglobulin E (IgE) from B cells class
switched by IL-4, airway hyperreactivity, and mucus production
spurred by IL-13 and eosinophils in airway, tissue, or peripheral
blood supported by IL-5. Evidence of the activity of these pathways
can be easily obtained through allergen skin testing, blood measure-
ment of IgE and eosinophil counts, and measurement of the fraction
of exhaled nitric oxide (FeNO).? Patients with T2 low asthma there-
fore do not meet these criteria. It is important to note however that
T2 low does not require the complete absence of blood eosinophils or
T2 inflammation, and for some of these patients, low-grade T2
inflammation may yet contribute to their disease (Table 1).

Prevalence and Characteristics of T2 Low Asthma

Determination of T2 marker levels can be challenging, as they are
affected by multiple factors. For example, inhaled and systemic corti-
costeroid use can reduce blood eosinophils and FeNO levels.?
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Key Messages

e T2 low asthma is defined by the lack of prominent T2 inflamma-
tion and can be defined by exhaled and blood biomarkers, spu-
tum transcriptomics, or sputum cellular characteristics.

e T2 low asthma accounts for approximately one-third to one-
half of individuals with asthma.

e Characteristics of participants with T2 low asthma include
higher body mass index, cigarette smoking, relative lack of
responsiveness to steroids, less bronchodilator reversibility,
and often the presence of neutrophilic inflammation.

e Multiple interventions currently available target characteristics
of T2 low asthma, including standard inhalers, azithromycin,
and lifestyle interventions of weight loss and smoking cessa-
tion.

e The future of treating T2 low asthma will involve a greater
understanding of the disease pathobiology and additional test-
ing of emerging therapies in clearly defined subgroups.

Therefore, evaluation of the presence of T2 inflammation may be best
done in a patient not currently using these medications. Neverthe-
less, for individuals with more severe asthma, withholding steroid
therapy has the potential for loss of control or exacerbation, a risk
that may preclude this strict assessment. Cigarette smoke can reduce
FeNO*; blood eosinophil levels vary diurnally’; and total IgE can fluc-
tuate with steroids and environmental exposures.®

The true prevalence of T2 low asthma is unknown and likely
strongly influenced by definition. Some examples are provided
herein. Early descriptions of T2 high and T2 low asthma used gene
expression of pathognomonic T2 genes, such as those encoding IL-4,
IL-5, and IL-13, in airway tissue to differentiate between individuals
in these groups. Woodruff et al” evaluated relative expression of IL-
13—inducible genes (periostin, CLCA1, SerpinB2) in the airway epi-
thelial brushings from 42 patients with mild-to-moderate asthma
and an additional 28 healthy control subjects. The T2 low subjects
with asthma had similar gene expression to the healthy controls and
accounted for approximately half of the participants with asthma (20
of 42). This group was more of female sex, had less bronchial hyper-
reactivity, and had lower serum IgE and blood eosinophil numbers.
Interestingly, they also revealed less clinical improvement on inhaled
corticosteroids as measured by a change in FEV1, when compared
with the T2 high group. Peters et al® evaluated gene expression in
sputum cells from 37 patients with asthma and 15 healthy controls.
In this cohort, a mean expression for IL-4, IL-5, and IL-13 was deter-
mined, for which 70% (26 of 37) of the participants with asthma had
levels above 2 SD than the healthy mean, which was defined as T2
high. In addition, sputum eosinophilia greater than 2% and blood
eosinophils greater than 230/p.L strongly correlated with elevated T2

Table 1
Biomarker Characteristics of T2 High and Low Asthma

gene expression. In a separate unsupervised hierarchical gene
expression clustering analysis of sputum from patients with asthma
by Baines et al,° 3 phenotypes emerged—eosinophil enriched, neu-
trophil enriched, and relatively paucicellular. The neutrophil-
enriched group, representing 24% of the cohort, had variable sputum
eosinophils, but also had higher body mass index, more smoking, and
less atopy than the eosinophil-enriched group.

Sputum inflammatory cell counts and proportions can be used to
differentiate those lacking T2 inflammation. McGrath et al'® analyzed
sputum of 995 subjects with asthma enrolled in clinical trials of the
National Heart Lung and Blood Institute’s (NHLBI) Asthma Clinical
Research Network to identify characteristics of those with or without
sputum eosinophilia. In these individuals, only 36% of subjects not on
ICS and 17% of subjects using ICS had evidence of sputum eosinophils
greater than or equal to 2%. In a subgroup treated with 4 to 6 weeks
of low-dose ICS, those who remained not well controlled despite
therapy were more likely to be noneosinophilic than those who were
well controlled. The NHLBI's Severe Asthma Research Program
(SARP), which extensively characterizes cohorts of asthma with
enrichment for severe disease, performed unsupervised cluster anal-
ysis of characteristics, including sputum inflammatory cells across
the severity spectrum.!! In 2 clusters of more severe, overweight,
older participants, sputum was almost entirely neutrophil-predomi-
nant and mixed granulocytic (neutrophils and eosinophils).

Taken together, these studies of cytology or gene expression from
the airway support that a T2 low asthma group exists at a prevalence
of one-quarter to one-half of patients with asthma and has consistent
characteristics across the cohorts.

Bronchial epithelial cells and sputum cells are relatively challeng-
ing to procure and not usually obtained during routine clinical prac-
tice in the treatment of asthma. Therefore, clinical programs are
using commercially available tests as biomarkers for this inflamma-
tion, such as a composite of FeNO and blood eosinophil count, to
determine the presence and to quantify T2 inflammation with the
goal of characterizing T2 low and T2 high groups. Investigators of
SARP recently presented combined data from the first 3 phases of the
program.'? Of the 831 participants who had available data, 327 (39%)
had both blood eosinophils of less than 300/.L and FeNO less than
25 parts per billion. Compared with the T2 high groups, this T2 low
group was slightly heavier and more likely to be of female sex, with
better preserved lung function, less bronchodilator and corticosteroid
responsiveness, and lower sputum eosinophils and total IgE. Approxi-
mately half were classified as severe, a proportion that did not differ
from the T2 high groups.

A recent publication of the United Kingdom Severe Asthma Regis-
try,' which enrolls patients with uncontrolled or severe asthma who
are referred to specialist centers, compared T2 low and high groups
using blood eosinophils of less than 150/l and FeNO less than 25
ppb to define low. Of the 2225 patients enrolled in this cohort, only
9.4% (210) were low on both parameters. Compared with those who
were high in both parameters, the T2 low group were also more likely
to be of female sex and heavier, with better lung function, lower IgE,
and a higher rate of depression, anxiety, and current smoking. The
difference in prevalence between this cohort and SARP may be a

Biomarker T2 high asthma

T2 low asthma

Blood eosinophils >150-300 cells/pL
IgE >100 IU/mL
Specific IgE
Fraction of exhaled nitric oxide

Present, with exposure to antigen causing symptoms
>35 ppb in 5-12 years old
50 ppb in >12 years old

<150-300 cells/puL

<100 IU/mL

Undetectable or irrelevant

<20 ppb in 5-12 years old
<25 ppb in >12 years old

Abbreviations: IgE, immunoglobulin E; Ppb- parts per billion.
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result of the more strict eosinophil cutoff in the United Kingdom
Severe Asthma Registry and the inclusion of nonsevere asthma in
SARP. Nevertheless, the clinical and phenotypic similarities found
across the registries suggest that the T2 low asthma phenotype may
relate to obesity and factors that impair corticosteroid responsive-
ness, such as smoking.

T2 Low Inflammation in Asthma

What inflammatory characteristics characterize the T2 low asthma,
if not T2 pathways? Neutrophils have been implicated as not only pres-
ent but potentially pathobiologically contributing to disease. In
response to bacterial and fungal infections, Ty17 cells can produce mul-
tiple proinflammatory cytokines, including interferon gamma, IL-6, and
IL-17, which contribute to neutrophil recruitment.'*!> Neutrophils
release proteases, contribute to oxidative stress, and release neutrophil
extracellular traps that can induce local inflammasome activation.'®
Nevertheless, the presence of neutrophils in T2 low asthma is inconsis-
tent and may represent a subphenotype of T2 low asthma or reveal the
concurrent presence of type 2 inflammation.'”~'® For example, in the
aforementioned SARP cohort, sputum neutrophil counts were not the
highest in this group, instead highest in those with low FeNO but high
blood eosinophils.'? In asthma, the presence of systemic inflammation,
as measured by plasma IL-6, is significantly related to blood neutrophils
and severity of asthma®® but is not related to eosinophils or other T2
markers, such as FeNO or IgE. This also suggests a metabolic and neu-
trophilic inflammatory milieu of severe asthma that may coexist with
other forms of inflammation in asthma.

On stimulation by a variety of airway exposures, such as irritants,
infection, smoke, or allergen, airway epithelial cells release a set of
alarmins, cytokines that drive local immune responses. One such
alarmin, thymic stromal lymphopoeitin (TSLP), which is known to
drive production of type 2 immune responses in the lung of patients
with asthma, may also influence non-T2 mechanisms of asthma. For
example, TSLP may induce the differentiation of naive CD4+ T cells
into Ty17 cells.?! TSLP may also contribute directly and indirectly to
airway remodeling in chronic asthma through pathways affecting

Characteristics of T2 Low Asthma

Poor Bronchodilator Reversibility,
Less Responsive to Steroids

Neutrophilic Inflammation

Higher BMI
Metabolic Dysfunction

airway smooth muscle cells—proinflammatory gene transcription®?
and migration.”?

Despite emerging literature detailing non-T2 mechanisms of
asthma, this group still lacks a clear definition and will likely emerge
as a collection of subgroups, each with its own pathobiological char-
acteristics and best course of treatment.?*

Treating T2 Low Asthma

Evaluation of T2 biomarkers seems most useful for patients with
difficult-to-treat or severe asthma,*?° because high T2 biomarkers
may indicate appropriateness of therapy or possible benefit from a
biologic directed at components of type 2 inflammation, such as IgE,
eosinophils, or the IL-4 signaling pathway. Although all available bio-
logic therapies for asthma are targeted at T2 high asthma, some avail-
able biologic or nonbiologic interventions or pipeline therapies are
agnostic to T2 inflammation or are targeted at the characteristics of
T2 low asthma (Fig 1). It is important to recognize that some or many
of these characteristics may also be present in and contributing to
disease in T2 high asthma.

Inhaled Corticosteroids/Long-Acting Beta Agonist

Despite the variability and heterogeneity of inflammation in
asthma, national and international asthma guidelines still
encourage the use of standard asthma medications for all
individuals.>* That is, patients should receive treatment with
inhaled corticosteroid (ICS), alone or in combination with long-
acting [B-agonist (LABA), with reassessment of clinical response
and disease control at periodic intervals and adjustment of dos-
age or addition of alternative therapies as indicated. The 2020
Focused Update to the Asthma Management Guidelines: A
Report from the National Asthma Education and Prevention Pro-
gram Coordinating Committee Expert Panel Working Group
(2020 NAEPP Update) did provide updates related to the use of
FeNO in the management of asthma. This report acknowledges
that FeNO may be used as an adjunct test for asthma diagnosis,
wherein other tests are inconclusive, but warns on factors that

Treatment of T, Low Asthma

Tiotropium
Smoking Cessation

Anti-Microbials
Oa~ Anti-TSLP

Reduction in Obesity
Anti-IL-6?

Figure 1. Clinical characteristics and focused interventions for T2 low asthma.
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influence this result. Importantly, although high FeNO may indi-
cate individuals who are more responsive to corticosteroid ther-
apy, there are no recommendations to withhold or reduce
steroid dose for individuals with low FeNO.

Long-Acting Muscarinic Antagonists

Long-acting muscarinic antagonist (LAMAs) are long-acting bron-
chodilators with a mechanism of action distinct from [3-agonists.
Two LAMAs are approved by the FDA for treatment of asthma: tio-
tropium bromide and umeclinidium in combination with fluticasone
furoate and vilanterol. Multiple randomized controlled trials studied
the efficacy of adding LAMA vs LABA to ICS for uncontrolled asthma,
with similar exacerbation rates, quality of life, and use of rescue med-
ication between the 2 bronchodilators.? In general, reported adverse
events and safety outcomes were similar. Nevertheless, a real-world
comparative effectiveness study, the Blacks and Exacerbations on
LABA vs Tiotropium (BELT) study, revealed a higher rate of asthma-
related hospitalizations in the tiotropium plus ICS group®® compared
with the LABA-ICS arm. Therefore, potential side effects or harms
should be considered before initiating therapy with a LAMA, perhaps
especially in Black patients.

LAMA may also be used as add-on therapy for adolescents and
adults who are not well controlled on combination ICS-LABA therapy.
The addition of LAMA may improve asthma control and quality of life
but has not been clearly found to improve exacerbation risk.

The NHLBI's AsthmaNet designed and implemented a random-
ized, placebo-controlled, double-blinded, triple crossover study com-
paring placebo, ICS, and LAMA in patients at least 12 years old with
mild-to-moderate asthma and was stratified by sputum eosinophils
greater than 2%.%” In the low eosinophil group, which accounted for
75% of participants, a similar percentage of participants had a better
response to mometasone than placebo and tiotropium than placebo,
suggesting tiotropum is a reasonable option for monotherapy in this
T2 low inflammation group. Casale et al*® reported exploratory anal-
yses of clinical trials of tiotropium for asthma, comparing primary
end points in those designated as T2 low or T2 high by IgE and blood
eosinophils. Clinical benefit of tiotropium for asthma was indepen-
dent of T2 status.

Azithromycin

Macrolide therapy has been of longstanding interest as a potential
therapy for individuals with severe asthma, both for its anti-inflam-
matory effects and potential to reduce bacterial burden, including of
atypical infections such as Mycoplasma pneumoniae.>® The AMAZES
study was a randomized, double-blinded, placebo-controlled trial of
oral azithromycin 500 mg 3 times per week for adults with uncon-
trolled asthma despite the use of inhaled corticosteroid and long-act-
ing bronchodilator.>® The azithromycin group had fewer asthma
exacerbations than placebo. In this trial, 57% of participants had low
sputum eosinophils. A secondary analysis revealed similar reduction
in asthma exacerbations among those with high and low sputum
eosinophils. A predefined substudy of AMAZES reported that treat-
ment with azithromycin reduced airway burden of Haemophilus
influenzae in the noneosinophilic group and may have a mild effect
on inflammatory cytokines.?' Although azithromycin was generally
well tolerated except for increased rate of diarrhea, this trial excluded
individuals with prolonged QT interval and hearing impairment, and
increase in antibiotic resistance was noted.>? These findings suggest
that azithromycin is a treatment option for select individuals with
uncontrolled moderate-to-severe T2 low asthma and may function
through reducing airway bacterial burden. Patients should be edu-
cated on risks and adverse effects, and electrocardiographic monitor-
ing of QT interval is indicated.

Obesity and Weight Loss

The relationship of asthma and obesity is very complex. Epidemi-
ologic data support the possibility of multiple pathways relating
these 2 conditions. Obesity may increase the risk of developing
asthma through influencing type 1 and type 2 inflammation.*>>>* In a
cross-sectional analysis of the National Health and Nutrition Exami-
nation Study,*® the relationship between obesity and asthma was
strongest in those with high insulin levels, supporting a metabolic or
insulin-resistance mechanism as well. Asthma may also increase the
risk of developing obesity, which may be attributed at least in part to
use of systemic corticosteroids and reduced physical activity.*®
Comorbid obesity in asthma may contribute to severity through cor-
ticosteroid resistance, less response to 3-agonists,’’ and influencing
lung mechanics.*®

Although weight loss has not been effective for improving asthma
in all trials, it is likely that, in addition to metabolic and cardiovascu-
lar benefits, overweight or obese patients will experience less dys-
pnea in addition to better asthma control>° Some symptom
improvement will be attributable to improvements in chronic decon-
ditioning, mechanical restriction, and potentially comorbid sleep
apnea.” With weight loss, some patients with asthma may also expe-
rience improved lung function, reduction in exacerbations, and
improvement of systemic inflammatory biomarkers, such as IL-6 and
leptin.*® A recent review of lifestyle interventions summarized the
conflicting data for obesity-related diet and exercise modifications
and called for rigorous study on the physiology, immunology, and
metabolic influences on outcomes.”’

Smoking Cessation

Multiple inflammatory pathways are also implicated in the role of
cigarette smoke on the development and severity of asthma.*? Some
of these pathways, including type 1 inflammation, neutrophil activ-
ity, and downstream effects of IL-6 and IL-17, are implicated in T2
low asthma irrespective of smoking status, suggesting primary or
secondhand cigarette smoke exposure is likely to profoundly worsen,
if not cause, T2 low disease for some patients with asthma. Indeed,
cigarette smoke exposure is known to increase the risk of asthma
exacerbations, even for patients who seem otherwise well
controlled.**?

Patients with asthma who are currently smoking, or those who
have a smoking history of more than 10 pack years, are usually
excluded from clinical trials studying interventions for asthma, to
reduce the likelihood of comorbid chronic obstructive pulmonary dis-
ease. This has, therefore, required that for these patients, use of bio-
logic and nonbiologic medications is extrapolated based on
responsiveness of nonsmokers. Active and previous smoking was
found to impair the therapeutic response of both oral and inhaled
corticosteroids for asthma, abrogating improvement in lung function
and symptom control.***> Higher doses of inhaled corticosteroids
may therefore be necessary to gain adequate control of uncontrolled
asthma symptoms. Individuals who smoke should be strongly
encouraged to stop smoking and provided resources and advice to
this end.* After smoking cessation or avoidance of passive smoke
exposure, individuals with asthma can expect a reduction in exacer-
bations, improvement in asthma control, and improvement in lung
function.***” Electronic cigarette (e-cig, vaping) use may induce air-
way inflammation similar to that induced by tobacco smoke, is asso-
ciated with asthma exacerbations, and may result in the
development of lung diseases, including asthma.’®*° Cessation of
electronic smoking may therefore be indicated for improved control
of T2 low asthma; however, robust clinical data are not yet available.
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Alternative Biologics and Novel Interventions Under Investigation

Thymic Stromal Lymphopoeitin

Because TSLP influences both T2 and non-T2 pathways as dis-
cussed previously, inhibition of this molecule may present an option
for treatment of T2 low asthma. Corren et al°® presented phase 2 data
of a randomized, double-blinded, placebo-controlled dose ranging
trial of tezepelumab, an anti-TSLP antibody, in adult patients with
moderate-to-severe uncontrolled asthma. A subpopulation analysis
stratified the primary outcome, annualized exacerbation rate, by
blood eosinophil count (<250/uL), FeNO (<24 ppb), and Ty2 low vs
high status (low defined as IgE < 100 [U/ML or eosinophils < 140/p.L).
In each of these analyses, the exacerbation rate was similar in the
high and low groups, suggesting an anti-TSLP antibody may be effec-
tive for T2 low asthma. The phase 3 study results were not yet pub-
lished at the time of this publication.

Interventions targeting neutrophilic, Ty17, and Ty1 inflammation
have thus far failed to reveal benefit for patients with severe asthma.
Brodalumab, an anti-IL17 monoclonal antibody, failed to reveal
improvement in asthma control in an undifferentiated population of
patients with moderate-to-severe asthma.’! Tocilizumab, an anti—IL-
6 antibody, failed to protect against allergen-induced bronchocon-
striction in a small clinical trial of patients with mild intermittent
asthma allergic to house dust mite.>* Inhaled IFN-§ did not meet the
primary end point of preventing viral-induced asthma symptoms in
participants using inhaled corticosteroids.>> Despite these disap-
pointing initial results, targeting one or more of these pathways may
reveal benefit in subpopulations of asthma with prominent neutro-
philic inflammation or elevated cytokine levels.

The NHLBI's PreCISE Network is using an adaptive platform clini-
cal trial design to evaluate novel therapies for severe asthma with
the development of predictive biomarkers, and most of the planned
interventions may potentially benefit those with T2 low asthma.’*
Imatinib, a kit receptor inhibitor, will be evaluated in T2 low popula-
tion; an anti—IL-6 clazakizumab is predicted to target those with ele-
vated IL-6, such as in obesity and metabolic dysfunction; medium-
chain triglyceride supplementation may influence high arginine met-
abolic asthma; the bacterial extract BronchoVaxom may influence
airway immune responses; the s-nitrosoglutathione reductase cavo-
sonstat may benefit those with increased enzyme activity by geno-

type.

Evaluation of Comorbidities or Alternative Diagnoses

Lastly, for a patient with T2 low asthma who has difficult-to-treat
or severe disease, careful evaluation for mimickers and comorbidities
can reveal alternative diseases that can be addressed separately. For
example, patients should have asthma diagnosis supported by bron-
chodilator reversibility or airway hyperreactivity through pulmonary
function testing. Lung volumes and carbon monoxide diffusion will
help to rule out emphysema and interstitial disease. High-resolution
chest computed tomography can detect parenchymal and airway
lesions—including bronchiectasis—and may eventually be used as a
biomarker for phenotype in asthma. Patients with recurrent bronchi-
tis or pneumonia should be evaluated for immunodeficiency and
aspiration. Bronchoscopy may be very helpful to evaluate for tracheo-
bronchomalacia and subglottic stenosis and for culture of infectious
agents. Functional laryngoscopy can help to evaluate for vocal cord
dysfunction.

Conclusion

T2 low asthma is present in one-quarter to one-half of patients
with asthma. Clinical characteristics of T2 low asthma are consistent
across cohorts and include higher body mass index, relative lack of

response to steroids, higher presence of smoking, and frequent pres-
ence of neutrophil-predominant inflammation in the airway.
Although T2 low asthma is less well understood than asthma with T2
inflammation, a variety of interventions are currently available to
treat these characteristics and contributing factors of T2 low asthma.
Novel interventions under investigation may provide additional ther-
apeutic options for patients with T2 low asthma that is not controlled
by the available treatments. Studies focused on defining T2 low
asthma and identifying pathobiologic mechanisms of T2 low asthma
will likely guide the development of new interventions or identify
subpopulations who may benefit from targeted therapies.
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