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Asthma is a heterogeneous disease with considerable variability noted in disease severity, patterns of
airway inflammation, and achievement of disease control on current medications. An absence of disease
control is most frequently noted in patients with severe asthma, and is defined as a lack of control while
on high dose inhaled corticosteroids (ICS) plus a second controller medication. In part, this lack of control

Keywords: may relate to a diminished effect of current guideline-directed care on the existing pattern of airway
g?tlhm_a treatment inflammation in severe asthma.
B;gr?lgalr(l::ers Airway inflammation in severe asthma has been arbitrarily divided into T (type) 2 high and T2 low. T2

high is characterized by the generation of key cytokines, interleukin (IL)-4, —5 and —13, which generate
and regulate airway inflammation. Biomarkers to mark the presence of T2-high inflammation include
eosinophils, fractional exhaled nitric oxide (FeNO) and immunoglobulin (Ig) E, whose presence arises
from the action of IgE, IL-5, IL-4, and IL-13. In this review, treatment of severe asthma with monoclonal
antibodies, i.e. biologics, which are directed against these inflammation generated pathways are
reviewed. The available monoclonal antibodies include omalizumab (anti-IgE); mepolizumab, reslizumab
and benralizumab (anti-IL-5 pathways), and dupilumab (anti-IL-4/IL-13).

The use of these T2-high interventions has led to significant reductions in asthma symptoms, a
decreased frequency of exacerbations, and improved lung function in many patients. Not only has the use
of these monoclonal antibodies led to improved asthma control in patients with severe disease, their use
has provided insight into mechanisms of severe asthma.

Copyright © 2019, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Severe asthma
Targets for biologics

though overlapping, clinical characteristics, largely reflecting dis-
ease severity and marked by increasing degrees of airflow
obstruction and treatment levels to achieve disease control (Fig. 1).

Introduction

Asthma is a heterogeneous disease in many respects: onset of

disease, progression, inflammatory pathways, and, perhaps most
importantly, response to treatment.! The heterogeneity of asthma
was made clear in work by Moore et al.> who used detailed clinical
phenotyping of subjects enrolled in the Severe Asthma Research
Program (SARP) and the subsequent application an unbiased sta-
tistical approach to “group”, or cluster, evaluated subjects by
common or shared clinical features. In her analysis, Moore et al
identified five clusters of adult asthma patients with distinct,
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Of particular interest and relevant to this discussion were subjects
in clusters 3, 4, and 5. Asthma participants in these clusters were
taking high doses of medications, including inhaled corticosteroids
(ICS) and additional controllers. In most cases, despite these high
dose treatments, there was ongoing symptoms and frequent
asthma exacerbations. These patients represent groups of asthma
subjects who require high dose treatment to either achieve or
maintain disease control. They are defined as having severe asthma
and have become the patients under consideration for biological
treatment.’

Current treatment centers on guideline-directed care and con-
sists of a stepwise approach with increasing doses of medications,
primarily ICS, often in conjunction with a second controller medi-
cation to achieve disease control.*> For most asthma patients,
particularly those with mild-to-moderate disease, guideline-
directed step care is effective, and adherence to treatment
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Fig. 1. Tree analysis of asthma clusters in SARP. Using three variables (baseline FEV,
[with a bronchodilator withhold], maximal “Max” FEV1 after six to eight puffs of al-
buterol, and age of onset of asthma), subjects can be assigned to the five clusters that
range from milder asthma (Cluster 1) to more severe disease (Clusters 4 and 5). From
Moore WC et al. Am ] Respir Crit Care Med 2010; 181:315—23.
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principles results in symptom control, prevention of exacerbations,
and, importantly, an achievement of patient safety. In severe
asthma, however, step care approaches in treatment are often
ineffective, likely reflecting asthma heterogeneity and a treatment
approach of “one-size fits all” is not effective in the presence of
severe disease. These features of asthma in severe asthma result in
diminished responsiveness to standard medications and need for
alternative treatments with greater specificity for causes of existing
disease severity.>

Airway inflammation determines disease characteristics as well
as its severity and serves as a target for treatment. Inflammation in
asthma is also heterogeneous (Fig. 2).° Numerous cell types, me-
diators and immune pathways determine inflammatory pathway in
asthma. The pathways are likely different in individual patients,
vary over time and circumstances, and are more complex than a
simple division into arbitrary groups: T (Type) 2 and non-T2
inflammation. More likely, the end product of airway inflamma-
tion will be an ad mixture of both pathways with either T2 or the
non-T2 being dominant, and possibly reflecting a therapeutic target
for greater disease control. As depicted in Figure 2, the process
usually begins with the activation of the airway epithelium, which
then sets into motion a cascade of events leading to eventual pat-
terns of airway inflammation and clinical manifestations. Airway
inflammation is considered to drive the alteration in airway path-
ophysiology including airway hyperresponsiveness and airflow
obstruction. As noted, the pathway of inflammation has been
arbitrarily divided into T2 high and non-T2. T2 inflammation is
characterized by a predominance of eosinophilic inflammation,
whereas non-T2 is marked by a neutrophilic cellular infiltrate or
few cells — paucigranulocytic. It is important to re-emphasize that
these classifications of the patterns of inflammation are arbitrary,
and it is likely that mixtures of both pathways exist, at least to some
degree, in most patients. However, as the T2 pattern is found to
dominant in the majority of asthma patients, the development of
novel treatments, especially biologics, have been focused on this
component of the inflammatory pathways. Consequently, this dis-
cussion will focus on the use and effect of existing T2 biologics in
asthma.

From the current understanding of T2 inflammation and likely
importance of its components to these processes in asthma,

particularly severe disease, a number of pathways have drawn
attention and led to the development of new targeted in-
terventions. These include: (a) IgE, (b) eosinophils, and (c) the IL-4/
IL-13 pathway. The approved biologics for asthma are directed to-
wards these identified specific components of T2 inflammation and
have emerged as important and effective treatments to improve
asthma outcomes in severe asthma.

What steps need to be considered prior to the addition of
biologics to asthma treatment?

Before biologics are added to asthma care, a number of steps in
patient-specific characteristics need to be established.

Confirm the diagnosis of asthma

Before considering the addition of biologics, it is necessary to
confirm that the patient has asthma. Although this seems to be an
overly simplistic requirement, a significant portion of patients
considered to have severe asthma do not have severe asthma or
even asthma when a careful evaluations are performed.” To further
illustrate the importance of this requirement, Aaron et al.” con-
ducted a survey and subsequent evaluation of adult patients who
had a diagnosis of asthma made in the past five years and were on
treatment. 701 subjects were identified through a phone interview
process in ten Canadian cities. In each individual recruited for
study, asthma was confirmed by demonstrating FEV; reversibility
or a positive response to methacholine. If these evaluations did not
confirm asthma, the subjects were then evaluated by asthma spe-
cialists. Using this detailed and comprehensive approach, 33.1% of
these subjects, who were receiving medication for asthma, did not
have asthma. Despite what appears to be obvious clinical asthma
requires confirmation by measures of pulmonary functions prior to
moving forward to biologics. In addition, it is necessary to confirm
that candidates for biologics do not have other forms of obstructive
lung disease, like emphysema or chronic bronchitis, for which there
is limited experience with these treatments.

Non-adherence to medications is common in any disease
including asthma, and a lack of regular medication use contributes
to ongoing symptoms and future risks for exacerbations.?
Furthermore, it is necessary to review techniques for medication
use to ascertain whether proper inhaler procedures are followed for
optimal delivery to the lower airway. Co-morbid conditions also
may alter treatment responsiveness in asthma, including vocal cord
dysfunction (VCD). VCD is often difficult to diagnosis or to separate
its co-existence with underlying asthma. Reflux esophagitis
frequently co-exists with asthma and may worsen asthma symp-
toms. Finally, approximately 20% of patients with asthma smoke,
which also contributes to disease severity and a diminished
responsiveness to ICS.

Measure the biomarker profile

To help guide in the selection of biologics for severe asthma, a
limited number of biomarkers are currently available: IgE, periph-
eral blood eosinophils, and exhaled nitric oxide (FeNO).%° Periostin
has also been a validated marker of T2-high asthma and a gene
product of IL-13 stimulation. However, measurement of periostin is
influenced by bone metabolism, thus limiting its broad usefulness.
The three biomarkers IgE, eosinophils, and FeNO, reflect the char-
acteristics of the underlying inflammatory profile and, in particular,
whether T2 inflammation may be present. Of these T2 biomarkers,
experience with peripheral blood eosinophils has been greatest,
perhaps reflecting the ease of this measurement and near universal
involvement of eosinophils in T2 high inflammation.’
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Fig. 2. Mechanisms and characteristic pathological features of asthma immunopathology. Features are divided into eosinophilic (allergic and non-allergic), non-eosinophilic
(neutrophilic type 1 and type 17 and paucigranulocytic), and mixed granulocytic inflammation. IL, interleukin; TH, T helper; PDG2, prostaglandin D2; TSLP, thymic stromal lym-
phopoietin; ILC2, type 2 innate lymphoid cells; CXCL8, C-X-C motif chemokine ligand 8; ILC2, type 3 innate lymphoid cells. From Papi A et al. Lancet 2018; 391:783—800.>>

What has been the experience of biologics in severe asthma?

Omalizumab is a monoclonal antibody that binds to IgE to pre-
vent it from combining with the high-affinity IgE receptor on mast
cells and basophils, for example.'” This blocking effect prevents
mast cell activation and subsequent generation of its inflammatory
mediators when IgE is activated by allergens. Whether there are
other IgE-binding cells whose function is inhibited by omalizumab
is a current target of research. Omalizumab was the initial biologic
approved for use in asthma. Prior to the approval of omalizumab,
efficacy of asthma treatments was assessed primarily, if not
exclusively, by an improvement of measures of lung function.
Because omalizumab did not consistently improve lung functions,
assessment of its efficacy needed to focus on another outcome that
was, nonetheless, highly relevant to achieve disease control — ex-
acerbations. Early clinical studies found omalizumab reduced the
frequency of exacerbations, decreased the need for underlying
medications, including ICS, but led to little improvement in lung
functions when added to existing treatments.'"

Recognition that biological treatments could improve asthma
control by reducing exacerbations was a major shift in treatment
paradigms on how to assess and judge improved disease control.
However, with increasing experience with this as a primary
outcome, the importance of preventing exacerbations has become a
principal target for biologics. The rationale for this approach is
highly logical (Table 1). Omalizumab is now approved for use in
asthma down to 6 years of age.

Table 1
Why are asthma exacerbations important and a primary treatment target?.

e Major factor in asthma morbidity and mortality

o Significant contributor to cost

— Emergency department care

— Hospitalization

— Patient productivity/societal costs

Risk for progressive loss of lung function

Exacerbations not always prevented by ICS/LABA

Exacerbations are more frequent in severe disease

Associated with common and frequent respiratory infections, rhinoviruses

In a large study of patients with documented severe asthma,
Hanania and colleagues' evaluated omalizumab in patients at
GINA Step 4/5 treatment who required high dose ICS/LABA treat-
ment but yet remained symptomatic with an ongoing risk for ex-
acerbations. The addition of omalizumab to high dose ICS/LABA
reduced asthma exacerbations by 25%; asthma exacerbations were
defined as a loss of asthma control that resulted in the need for
systemic corticosteroids. Interestingly, there was no effect of
omalizumab on the frequency of exacerbations found in patients
who were receiving maintenance oral corticosteroids. These results
confirmed that, in severe asthma, omalizumab's benefit was on
exacerbation-causing pathways and represented an outcome
which did not appear to be affected by ICS/LABA. This large study in
severe asthma confirmed earlier findings, which had been con-
ducted prior to the accepted and wide-spread use of LABAs in
combination with ICS to achieve disease control in patients with
severe disease.

The same investigators evaluated the benefit of omalizumab on
exacerbations in relationship, and hence guidance, to the presence
of biomarkers for asthma: peripheral blood eosinophils and FeNO
(Fig. 3)."* The cut points used in their evaluation were median
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Greater prevention of exacerbations with omalizumab was seen in patients with high individual T2 biomarkers (EOS, FeNO)

Fig. 3. Mean percent reduction (95% CI) in protocol-defined asthma exacerbation rate
in the low- and high-biomarker subgroups (baseline fractional exhaled nitric oxide
[FeNO] and peripheral blood eosinophils). *Exacerbation reduction P values; omali-
zumab versus placebo in each biomarker subgroup. Cl, confidence interval. Adapted
from Hanania NA et al. Am ] Respir Crit Care Med 2013; 187.804—11.
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values of patients who had been enrolled in the clinical trial. If
patients had elevated FeNO, >19.5% ppb (median FeNO value),
omalizumab reduced exacerbations by 53%. In contrast, when FeNO
was <19.5 ppb, the prevention of exacerbations was only 19%.
Similarly, in patients with eosinophil counts >260 cells/uL, exac-
erbations were reduced 32% by omalizumab, but only 9% when
eosinophil values < 260 cells/uL. These analyses demonstrated that
biomarkers are representative of T2 inflammation tracked with the
achievement of greater clinical benefit from omalizumab. These
data also suggest that these biomarkers would be helpful in
selecting patients who are likely to get the greatest benefit from an
anti-IgE treatment. Moreover, these results suggest that omalizu-
mab's benefit is more likely to occur in the face of the T2-
inflammatory response and also suggests an involvement of the
T2 pathway as IgE contributes to the existing asthma.

Additional insights into the efficacy, and possible mechanisms of
action of omalizumab have come from studies with asthmatic
children. In 2011, Busse and Morgan published their findings from
the Inner City Asthma Consortium (ICAC) trial in which omalizu-
mab was evaluated in children 6—17 years of age with moderate-to-
severe asthma and allergic sensitization.'” A one-year treatment
with omalizumab vs. placebo was evaluated as an “add-on” to
guideline-directed care. A key outcome in this group was a signif-
icant reduction in the frequency of asthma exacerbations. What
was most interesting, and perhaps insightful to characteristics of
benefit in the clinical risk and targeted mechanism of action, was a
predominance of beneficial effects of omalizumab on seasonal
asthma exacerbations: spring and fall. In North America, school-
aged children have a well-demonstrated increase in asthma exac-
erbations when they return to school in the fall, e.g. the “September
Epidemic of Asthma.”'® When the effects of omalizumab treatment
were evaluated on an annual basis, i.e. January through December,
the reductions of exacerbations were noted primarily during the
spring and fall (Fig. 4)."° The relationship of the reductions of
asthma exacerbations with omalizumab was most notable at times
of high risk for children, e.g. when they returned to school after a
summer vacation and were at an increased risk for colds. Nasal
samples had been obtained and confirmed that the most likely
cause of the seasonal asthma exacerbation was a rhinovirus upper
respiratory infection."”

Although previous studies with omalizumab had clearly
demonstrated the prevention of asthma exacerbations, the mech-
anisms of benefit with omalizumab had largely focused on IgE-

% of Participants with Exacerbations

Control (n=211)
Omalizumab (n=208)

Fig. 4. Seasonal Variation in the frequency of exacerbations. The width of the bands
represents the 95% confidence interval. Adapted from Busse WW, Morgan W] et al. N
Engl ] Med 2011; 364:1005—15.

dependent processes given that IgE was its principal target. A re-
turn to school in the fall placed the high-risk asthmatic school-age
children into two environmental situations which had the potential
to affect control of their asthma: (1) high allergen exposure and (2)
exposure to respiratory viruses. Rhinovirus was identified as the
culprit event associated with an exacerbation. What was not
determined is whether an enhancement of underlying allergic
inflammation influenced the likelihood for a rhinovirus infection to
cause an exacerbation. Evidence suggests that IgE is likely involved
with both events, and through these dual beneficial effects reduces
the risk for an asthma exacerbation.

To extend and expand on these observations, the Preventative
Omalizumab or Step-up Therapy for Fall Exacerbations (PROSE)
protocol was developed.”” PROSE was designed to test the hy-
pothesis that pre-treatment with omalizumab prior to returning to
school in the fall, and for the next 4-months, would prevent exac-
erbations at a high risk time of the year for respiratory tract ill-
nesses and in a population of vulnerable asthmatic school-age
children. School-aged children/adolescents (6—17 years of age)
with moderate-to-severe asthma and a history of exacerbations
were enrolled. The protocol had a number of key features as part of
its design. For example, asthma control of the enrolled subjects was
achieved and stabilized over a 4—9 month run-in period prior to
randomization to receiving either placebo or omalizumab, both in
conjunction with guideline-directed care, a month before their
return to school. As hypothesized, the frequency of exacerbations
occurring in the fall was significantly reduced by omalizumab.

The clinical trial experiences and open-label data with omali-
zumab indicate that it is an effective, safe, and anti-T2 inflamma-
tory treatment of childhood and adult patients with severe asthma
with underlying allergic sensitization. Based upon its longer term
experience and extensive safety record for patients with allergic
sensitization and severe asthma, omalizumab remains an initial
biological treatment of choice.

A number of questions remain on the use of omalizumab
including greater insight into its mechanisms of action. The prin-
cipal clinical effects of omalizumab are its ability to reduce the
frequency of exacerbations. In part, this may relate to alteration in
IgE-activation of mast cells. There are other possibilities that
involve IgE expression on other immune cells. There are data to
indicate that some patients with asthma have defective anti-viral
activity, which results from defective interferon generation.'® A
series of studies from two laboratories have shown that IgE
expression on mononuclear and dendritic cells reduces the gener-
ation of interferon-o from cells from asthmatic and allergic subjects
during in vitro incubations with respiratory viruses.'”?° When IgE is
removed from these cells, the generation of interferon-o during an
incubation with respiratory viruses is normalized.

To determine if a reduction in cell-bound IgE during omalizu-
mab treatment would have a similar effect on mononuclear cell
generation of interferon-a, a cohort of PROSE participants had cells
obtained prior to beginning omalizumab, or placebo, and at the end
of the treatment period. Those children who had received omali-
zumab had a significant increase in the in vitro generation of
interferon to a rhinovirus incubation. Moreover, subjects with the
greatest restoration of interferon-o. generation had significantly
fewer exacerbations. These observations suggest, but do not prove,
that a mechanism by which omalizumab reduces asthma exacer-
bations during a viral respiratory tract infection is a restoration of
the anti-viral generation of interferon. Despite limitations associ-
ated with these data, our findings point to effects of omalizumab on
cells other than mast cells or basophils, and effects that may serve
to protect the host against a viral respiratory infection that ordi-
narily might have caused an asthma exacerbation.
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What are the experiences with anti-IL-5 pathway biologics in
eosinophilic asthma?

Peripheral blood eosinophils are a biomarker for T2 asthma; the
level of eosinophilia also reflects disease severity and risks for
asthma exacerbations, thus suggesting that this cell is a participant
in these phenotypic characteristics.” Peripheral blood eosinophil
values do not always parallel or reflect airway eosinophils, which
are considered to be more reflective of this cell's involvement and
participation in airway inflammation. However, the difficulty in
routinely obtaining sputum samples to study lower airway samples
prevents this approach from being readily available to most clini-
cians. Consequently, peripheral blood eosinophils remain an
appropriate and convenient surrogate measure to verify the pres-
ence of eosinophilic asthma and a T2 pattern of the underlying
inflammation.

The eosinophil has long been associated with asthma and its
pathophysiology. The eosinophil's generation of inflammation
contributes to the underlying airway disease and resulting altered
pulmonary physiology.?! Eosinophil granules contain basic proteins
which lead to airway injury and promote bronchial responsiveness.
In addition, eosinophils can function as immunomodulator cells
through the generation of a wide variety of cytokines including IL-5
which, in turn, can perpetuate eosinophilic involvement in asthma
and create a vicious cycle. Much of the eosinophil's contribution to
airway dysfunction in asthma comes from the actions of IL-5, which
has become an effective target in therapy.

Two interventional strategies are available to regulate IL-5 and
the eosinophil's participation in asthma, and presumably airway
inflammation. One approach is a monoclonal directed against the
cytokine IL-5 and the other, a monoclonal antibody that targets its
receptor. IL-5 is a product of Th2 lymphocytes, innate lymphoid
cells (ILC)-2, and mast cells, and plays a central role in regulating
the terminal differentiation of eosinophils as well as participating
in this cell's activation and recruitment to the airway. Mepolizumab
and reslizumab are monoclonal antibodies directed against IL-5. By
neutralizing IL-5, this cytokine cannot activate the IL-5R (receptor)
on eosinophils. Benralizumab is a monoclonal antibody that is
directed against the IL-5R; binding of benralizumab to the IL-5R
activates antibody-dependent cellulysis (ADCC) to cause cell
apoptosis. Both approaches are effective in reducing circulating
eosinophils, and with a reduction in circulating eosinophils, fewer
of these cells are available for migration to the airway. There is also
evidence that the anti-IL-5 approaches reduce airway eosinophils.

Mepolizumab was the first anti-IL-5 antibody approved for use in
asthma. In clinical trials, mepolizumab prevents asthma exacer-
bations, improves lung function, and reduces asthma symptoms.
The dosing of mepolizumab (Nucala) has been established and is
prescribed at 100 mg, given subcutaneously, every 4 weeks. This
dose selection comes from the MENSA trial, which compared a
75 mg IV dose of mepolizumab with the currently prescribed
100 mg subcutaneous dose (Fig. 5).?> The study was designed to
determine whether there was equivalence between the IV and the
eventual subcutaneous dose of mepolizumab in reducing asthma
exacerbations. Both mepolizumab doses were equivalent in pre-
venting exacerbations and in the range of 50%. Also, studies have
shown that for mepolizumab to be effective, patients need to have
at least >150 eosinophils/uL and have uncontrolled disease at GINA
Step 4/5.

The initial study to demonstrate the clinical benefit of mepoli-
zumab was conducted by Haldar et al.?® in a select population of
well-defined and characterized patients with severe asthma. All
enrolled subjects had uncontrolled asthma and a history of
frequent annual exacerbations, approximately 5Xs/year. Despite
the use of large doses of ICS and systemic corticosteroids in over
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Fig. 5. Asthma Exacerbations at 32 Weeks. Asthma exacerbations in patients receiving
either intravenous or subcutaneous mepolizumab or placebo. The rate of exacerbations
was reduced by 47% (95% confidence interval [CI], 28 to 60) among patients receiving
intravenous mepolizumab and by 53% (95% CI, 36 to 65) among those receiving sub-
cutaneous mepolizumab, as compared with those receiving placebo (P < 0.001 for both
comparisons). Adapted from Ortega HG et al. N Engl ] Med 2014; 371:1198—207.

50% of the enrolled subjects, sputum eosinophilia (~6%) and pe-
ripheral blood eosinophils, over 300 cells/uL, were elevated. This
degree of persistent eosinophilia is a key point in the selection of
patients with severe but uncontrolled asthma. Early studies to
evaluate mepolizumab had not included severe uncontrolled
asthma who also had evidence of persistent eosinophils despite
ongoing treatment. With these patient characteristics, mepolizu-
mab reduced asthma exacerbations by 50%. The use of these in-
clusion criteria to demonstrate beneficial responses to anti-IL-5
treatment has been essential to see a clinical effect in subsequent
clinical trials.

Reslizumab is also directed against IL-5 and predictably reduces
circulating eosinophils. Reslizumab has two features that differ-
entiates it from mepolizumab: (1) it is given intravenously (IV) and
(2) dosing is weight based (3 mg/kg/every 4 weeks). In selecting
eligible patients for treatment, reslizumab uses a “cut-off” value for
eosinophils of 400 cells/uL and is a value that had been determined
in its initial studies to see a beneficial outcome. At this blood
eosinophil level, reslizumab reduced asthma exacerbations by
approximately 50% and is similar, in this sense, to the effects of
mepolizumab.>* In subjects with peripheral blood eosinophils
>400 cells/uL, reslizumab has also produced a 0.270 + 0.1320 L
improvement in FEV; over placebo in a 16-week trial.>> Moreover,
FEV; improved within 4 weeks of initiating treatment. When eo-
sinophils were <400 cells/uL, no improvement in lung function
occurred with reslizumab.

Benralizumab has a distinct site of action and is directed against
the IL-5R. Through this targeted action, benralizumab effectively
reduces peripheral blood eosinophils. In two major trials, SI-
ROCCO?® and CALIMA,”’ benralizumab treatment was evaluated in
large numbers of patients with moderate-to-severe asthma. These
studies compared a 30 mg dosage every 4 or 8 weeks to placebo. In
both trials, a significant reduction in asthma exacerbations of
45—51% occurred in patients with a peripheral blood eosinophil
count >300 cell/uL (Fig. 6); FEV; values also significantly improved
(Fig. 7).

Therefore, in patients with severe asthma, evidence of a pe-
ripheral blood eosinophil presence, and a lack of disease control on
GINA4/5 treatment, eosinophil-depleting monoclonal antibodies
are highly effective and reduce asthma exacerbations by approxi-
mately 50%. Greater precision in selecting anti-IL-5 treatment
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Fig. 6. Annual asthma exacerbation rate estimates at 48 weeks according to baseline
blood eosinophil concentrations in relationship to placebo and benralizumab dosing
(30 mg Q4W and 30 mg Q8W). Data for patients with baseline blood eosinophils
>300 cells per pL. Estimates were calculated using a negative binomial model, with
adjustment for treatment, region, oral corticosteroid use at time of randomization, and
previous exacerbations. Q4W, every 4 weeks; Q8W, every 8 weeks (first three doses
Q4W). Adapted from Bleecker ER et al. Lancet 2016; 388:2115—27.

responsive patients other than on the basis of peripheral blood
eosinophilia is not presently available.

All three anti-IL-5 pathway treatments lead to significant im-
provements in lung function. The mechanisms by which this
improvement occurred were not established but a number of
possible explanations exist. Many factors contribute to airflow
obstruction in asthma including bronchospasm, inflammation,
edema, remodeling effects, and mucus impaction of the airways.
The anti-inflammatory effects of the anti-IL-5 pathway treatments
have the potential to diminish existing airway inflammation, pre-
vent progression of the loss of lung function that follows repetitive
exacerbations, and possibly affect the presence of mucus formation.

Dunican et al.?® used multidetector computer tomography lung
scans to detect the presence of airway mucus in 146 subjects with
varying severity of asthma and 22 controls. In the control subjects,
there was little evidence of airway mucus; in contrast, airway
mucus was detected in asthma but its presence varied widely. They
also found that the level of mucus detected, zero, low and high,
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Fig. 7. Change from baseline in prebronchodilator forced expiratory volume in 1 s
according to baseline blood eosinophil concentrations. Data for patients with baseline
blood eosinophils >300 cells per pL. Q4W, every 4 weeks; Q8W, every 8 weeks (first
three doses Q4W). *p < 0.05 for benralizumab 30 mg Q4W vs placebo. p < 0.05 for
benralizumab 30 mg Q8W vs placebo. Adapted from Bleecker ER et al. Lancet 2016;
388:2115-27.

related to the percent predicted FEV;, with lowest FEVy values
found in the presence of high mucus presence. There was also a
correlation between sputum eosinophils and the mucus score.
Through a series of in vitro studies, these investigators had findings
to suggest that eosinophil activation and release of eosinophil
peroxidase changed mucin into mucus plugs. These novel findings
raise the possibility that a reduction in airway eosinophils could
diminish the presence of mucus plugs and, with this change in
airway mucus, improve lung function. Future work is needed to
substantiate this possibility.

Patients with the most severe asthma often require sustained
use of systemic corticosteroids (SCS) to maintain a level of disease
control. Long-term use of SCS is, unfortunately, associated with
significant adverse effects including weight gain, glucose intoler-
ance, hypertension, and osteoporosis. Both mepolizumab and
benralizumab have demonstrated an ability to reduce the need for
SCS in this high risk, high morbidity population of asthma patients.
Bel et al.>® compared the corticosteroid-reducing effects of mepo-
lizumab in 135 SCS-dependent patients and found treatment to
lead to a 50% reduction in the need for glucocorticoids versus 0 in
the placebo treated group. Equally important, mepolizumab
reduced the risk for exacerbations by 32% despite the significant
reduction in systemic corticosteroids, as well as improving symp-
tom control.

Nair et al.>® evaluated whether benralizumab treatment would
significantly reduce the need for oral glucocorticoid use in 220
severe, eosinophilic asthma patients. Benralizumab treatment, over
a 28-week period, reduced oral glucocorticoid doses by 75%
compared to 25% in the placebo-treated arm. Like observations
with mepolizumab, the corticosteroid reduction was associated
with an annual exacerbation rate reduction of 55% over values
observed with placebo treatment. No changes in FEV; values were
found.

There are a number of clinical insights on the effects of an-IL-5
treatment from SCS reduction studies. Both studies demonstrated
that anti-IL-5 pathway treatment diminished not only the need for
systemic corticosteroids but also led to improved asthma out-
comes. From my perspective, these results indicate that treatment
directed towards a specific pathway of T2 inflammation, in this
case, eosinophils, may be more effective than what is considered
the most potent asthma therapy available — oral corticosteroids.
Thus, not only may biologics reduce the potential for side effects
from oral corticosteroid use, but, at the same time, improve asthma
control. These findings suggest that when eosinophils continue to
exist, despite guideline-directed care, biological treatment targets
eosinophils and its resulting inflammation has greater effect
because of its specificity for the airway inflammatory mechanisms.

There are different recommended requirements in the pre-
scribing of anti-IL-5 pathway monoclonal antibodies for asthma
that are dependent on the specific antibody. Mepolizumab is given
subcutaneously, 100 mg/month, with a peripheral blood eosinophil
count requirement of >150 cells/uL. Reslizumab, in contrast, is
given intravenously for patients with severe asthma whose eosin-
ophil counts are >400 cells/uL. Finally, benralizumab is given at a
dose of 30 mg every 4 weeks, initially for 3 months at which time
the dosing can be extended to every 8 weeks; it is for patients with
blood eosinophils >300 cells/uL. Therefore, selecting which anti-IL-
5 pathway treatment will depend upon a number of factors
including the blood eosinophil values of the patient. What has also
been noted is a greater and more consistent response, e.g. reduction
in exacerbations or improvement in FEV4, in subjects with higher
numbers of peripheral blood eosinophils. For the clinician to select
which of the three anti-IL-5 antibodies to use for treatment, there
needs to be an awareness of how baseline values of blood eosino-
phils will affect outcomes along with a convenience of dosing,
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concurrent use of systemic corticosteroids, dosing frequency, and
route of administration — subcutaneous vs. intravenous.

At present, there are no direct comparisons of any of the bi-
ologics, including those of the anti-IL-5 pathway group. For many
reasons, it is unlikely that direct comparisons will be available soon.
In an attempt to determine comparative effects of mepolizumab,
reslizumab, and benralizumab, an Indirect Treatment Comparison
(ITC) analysis was conducted. In this analysis, we compared
measured outcomes, reductions in exacerbations, improved lung
function, and improvement in symptoms at various blood eosino-
phil values: >150, >300, and >400 cells/uL. In addition, only
licensed doses of these three biologics were compared. The ratio-
nale for this approach was stated above: The effect of treatment are
often dependent on the eosinophil level and the effects of treat-
ment vary on the outcome measured.

When an ITC approach was applied to clinically significant ex-
acerbations, relative effectiveness could be estimated (Fig. 8).
Although this approach does not replace direct comparisons, the
use of an indirect assessment may provide guidance in the choice of
the biologic most likely to provide benefit under conditions of
eosinophil values in specific patients.

What experience has been gained with IL-4/IL-13 blockade?

IL-4 and IL-13 are also significant contributors to T2 inflamma-
tion in asthma (Fig. 2) and products of their action are associated
with biomarkers as well. IL-4 causes an antibody isotype switch to
IgE production which can then lead to allergen sensitization. IL-13
has numerous and significant effects on the airway as it stimulates
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mucus production from goblet cells, promotes airway remodeling
and affects airway smooth muscle contractility. IL-13 also acts
directly on airway epithelium to generate FeNO. Finally, IL-13 is
important in stimulating vascular adhesion molecules to direct
eosinophil migration.

Dupilumab is a human antibody directed against the IL-4R (re-
ceptor) that also blocks IL-13 activation as well. Dupilumab is
approved for use in atopic dermatitis and asthma in adults. Castro
and colleagues studied dupilumab in 1900 patients, >12 years of
age with uncontrolled asthma.’! Enrolled subjects demonstrated
FEV; reversibility, persistent asthma symptoms (ACQ >1.5), and a
history of an asthma exacerbation in the past year. The enrolled
patients had measurements of FeNO and peripheral blood eosino-
phils prior to treatment. Dupilumab significantly reduced the fre-
quency of asthma exacerbations by approximately 50% (Fig. 9). In
addition, dupilumab significantly improved the FEVj an effect
which began two weeks after initiating treatment (Fig. 10). In pa-
tients with eosinophils >150 cells/uL and FeNO >25 ppb, dupilu-
mab's efficacy was greatest in relationship to preventing asthma
exacerbations and improving the FEV1. In contrast, if eosinophils
were <150 cells/uL and FeNO <25 ppb, dupilumab did not have a
significant effect on outcomes of lung function improvement or
prevention of exacerbations. As anticipated, the presence of T2
inflammation appears necessary for dupilumab to improve asthma
control, and peripheral blood eosinophils and FeNO are effective
biomarkers to predict this response.

Rabe and colleagues® evaluated dupilumab's ability to reduce
the need for systemic corticosteroids. In 210 enrolled patients who
required oral corticosteroids to maintain asthma control,
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dupilumab significantly reduced the need for oral corticosteroids
without a loss of asthma control. What was most insightful on the
effects of dupilumab in this study population was a lower rate of
asthma exacerbation despite the reduction of systemic corticoste-
roids by 59.3%. There was also improvement in lung function
despite the reduction in oral corticosteroids.

A number of important conclusions can be gleaned from studies
in which systemic corticosteroid use is reduced without a loss of
asthma control but rather an improvement in outcomes, e.g.
increased FEV; and reduced exacerbations. The improved asthma
outcomes observed with dupilumab, mepolizumab and benralizu-
mab, when systemic corticosteroids are reduced, suggest that the
actions of these monoclonal antibodies have greater specificity and
precision to regulate underlying inflammation, particularly T2
pathway disease, in patients where systemic corticosteroids are not
effective. These findings suggest that a feature of severe asthma is a
resistance, or reduced responsiveness, to the anti-inflammatory
actions of corticosteroids. When interventions with treatments
that have a greater precision for components of the T2-
inflammatory pathways are used, asthma control improves.

Conclusion

The experiences of biologics that target T2 pathways represents
a major advance in the treatment of severe asthma. The patient
selection for biologics is necessarily guided by biomarkers, eosin-
ophils and FeNO, both of which are helpful and necessary to
identify patients likely to respond. These observations fit the
paradigm that the T2 pathways contribute significantly to severe
asthma, and the benefit from biologics in these patient populations
occurs when treatment modifies inflammation associated with
these pathways.

Where do we now stand with biologics in asthma? They are, at
present, recommended for treatment of severe asthma when con-
ventional treatment has not been effective. As severe asthma has
the greatest clinical needs, this is a major advance. Their safety
record, to date, has been reassuring though extensive monitoring of
long-term administration is necessary. Therefore, for patients with
severe asthma who do not achieve control with guideline-directed
treatments, primarily high dose ICS, LABAs, and anticholinergics,
biologics should be considered as the next treatment step when a
biomarker profile is compatible with T2 inflammation exists. At
present, non-type 2, or low-type 2, inflammatory profiles do not
have specific therapies available.

The primary, and important benefit, of biologics in severe
asthma has been an achievement of disease control, reflected by a
significant reduction in exacerbations. The implementation of bi-
ologics in asthma treatment marks a new era in asthma treatment
and provides effective options where nothing was previously
available. The next steps with biologics will be to determine their
efficacy in moderate disease, and eventually when safety issues are
established, to determine disease modification or possibly asthma
prevention.
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