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Abstract: The increasing use of advanced biologic therapies for patients with severe asthma is 
transforming the standard of care, clinic workflow, and the clinic business model. Expanded 
patient access to at-home injection treatment possibilities with some biologics has the potential to 
improve patient adherence and outcomes. Simultaneously, transition to the home setting can 
address the escalating costs that limit access for certain patients and healthcare facilities. Such 
moves come with recognized risks. Garnering input from physicians and other healthcare 
specialists as well as scrutinizing best practice position statements are vital to implementing 
truly patient-safe and cost-effective strategies in medicine. Mepolizumab is the first anti-IL-5 
inhibitor to receive FDA approval in late 2015. We focus on this injectable medication and 
discuss the specific indications and contraindications for transitioning patients to at-home 
injection with mepolizumab. In doing so, we review our recent real-world experiences in the 
University of California, Davis and Loma Linda University severe asthma clinics, which can 
provide the foundation for building a comprehensive clinic and home-based biologics asthma 
program. In addition, we offer insight into the barriers to implementing a successful program and 
strategies for overcoming them. 
Keywords: asthma, mepolizumab, home administration, best practice

Introduction
Asthma is a chronic respiratory disease with a female predominance, affecting an 
estimated 10.0% of adult women in the US and about 5.5% having suffered an asthma 
attack in the past year.1 Risk of developing asthma varies by region. In the Central 
Valley of California, for example, the lifetime risk of asthma in children approaches 
25% in certain counties.2 Most of the annual costs for asthma are incurred by the 
5–10% of patients with severe asthma.3 With the advent of novel biological therapies 
that can be self-administered at home, it is possible that less resources and costs will be 
attributed to the care of patients with severe asthma. Certainly, this will be of interest to 
health economists and society will look closely on whether these medications decrease 
or increase total costs.3 It is imperative that we comprehend the global impact of these 
new treatments, especially in the most vulnerable and susceptible populations.

Since asthma is a complex, heterogeneous disease, efforts to personalize the 
management of asthma have become more structured. Understandably, there has 
been a focus on novel biologic medications that target specific cytokines that in part 
define asthma endotypes. In regards to understanding the need for biologics, the split 
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into T2-low and T2-high inflammatory endotypes remain 
most salient.4 Five to ten percent asthmatics may benefit 
from endotyping with a goal of starting biologic therapies.5 

Potential barriers include clinical and financial restraints in 
coordination, integration and resources for advanced asthma 
controller treatments. In this article, we will focus our review 
on the opportunities for treating patients with severe asthma 
with mepolizumab and present a framework for understand-
ing the management such patients in the office and at home.

Rationale for Novel Biologics
For longer than a generation, clinicians have practiced 
asthma care by grouping asthma into two large patient 
groups: allergic or extrinsic asthma, and non-allergic or 
intrinsic asthma.6 This has changed over the past 10 to 
20 years with an improved understanding of the patho-
physiology. For example, one seminal study by 
Woodruff and colleagues triggered a discussion about 
regrouping asthma phenotypes and biomarkers.6 They 
outlined a “Th2 high” and Th2 low group based on 
IgE levels, lung and peripheral blood eosinophil counts, 
aeroallergen skin prick test counts, and airway epithelial 
cell gene expression levels for MUC5AC and others.6 

This study was one of the first to show clear responses 
to inhaled corticosteroid (ICS) therapy tailored to 
a specific phenotype in severe asthmatics.6 Since then, 
clinical research and the advent of biologics have made 
phenotyping and endotyping asthma patients who are 
not readily controlled on ICS after three to four months 
a mandate for patient safety and pharmacoeconomics. At 
the core of this approach is the need for clinicians to 
recognize that asthma is a syndrome and is heteroge-
neous in its severity as well its response to treatment(s). 
Phenotyping can remove a great deal of the guesswork 
in selecting advanced treatments to better control 
a patient’s symptoms and reduce risk for acute exacer-
bations. However, this requires time (approximately 
three months) and patience to observe the response to 
initial treatment. Global initiative for asthma (GINA) in 
their 2017 update has recommended beginning all 
patients on low-dose ICS plus a leukotriene receptor 
antagonist (LTRA) (Figure 1, step 2) and to retrospec-
tively determine asthma control and severity or a failure 
to respond to therapy as the guide to stepping up treat-
ments to those such as ICS plus LABA (Figure 1, step 
3).7,8 This strategy, updated in 2020, remains challen-
ging because a significant number of patients with 
asthma do not respond to ICS, and they still may not 

respond to low-dose ICS when a LABA is added in 
a fixed combination inhaler.8,9 This carries the risk of 
exposing patients to the myriad of adverse effects of 
corticosteroids with none of the benefits.

Mechanism of Mepolizumab
Mepolizumab is a humanized IgG1 kappa monoclonal anti-
body against interleukin-5 (IL-5) (Figure 2).10 In the United 
States, it was approved for use by the Federal Drug 
Administration in 2015 as an add-on maintenance therapy 
for severe eosinophilic asthma.11 Several cytokines, includ-
ing IL-4, IL-5, and IL-13 play a major role in the pathophy-
siology of type 2 inflammation and eosinophilic 
asthma.12,13 Of these, IL-5 is especially crucial for differ-
entiation and survival of eosinophils.14 IL-5 is mainly pro-
duced by Th2 cells, but also in lesser quantities by 
eosinophils in an autocrine manner and by paracrine 
sources including mast cells, basophils, natural killer cells, 
and innate lymphoid cells.15 IL-5 binds to IL-5 receptors 
(IL5R).15 The receptor consists of an alpha chain that is 
specific to IL-5 binding and a common beta unit that facil-
itates signaling, which also binds to other cytokines such as 
granulocyte-macrophage colony-stimulating factor (GM- 
CSF) and IL-3.15 IL5Rs are selectively expressed on eosi-
nophils and basophil cell membranes, although they are 
expressed three times as much on eosinophils than on 
basophils.12,15

During hematopoiesis, IL-5 binds to IL5R to promote 
terminal differentiation of progenitor cells into mature 
eosinophils.14 IL-5 also facilitates integrin-mediated adhe-
sion of eosinophils to allow for their migration out of the 
bone marrow into the peripheral circulation, and eventually 
to the local inflammatory site.16 In the bloodstream and at 
the inflammatory sites, IL-5 mediated signaling also lead to 
decreased apoptosis and thus increased eosinophil counts.16 

Mepolizumab inhibits IL-5, decreasing its binding to IL5R. 
Selective antagonization of IL-5 results in reduced matura-
tion, recruitment, and survival of eosinophils. The ultimate 
effect is therefore a decrease in 1) an immunological cas-
cade that leads to further chemoattraction of inflammatory 
cells, 2) eosinophil-mediated parasympathetic response and 
airway hyperresponsiveness, and 3) airway remodeling, 
which are all factors that contribute to enhanced asthmatic 
symptoms.17 As a result, clinical trials have shown that 
mepolizumab use decreases exacerbation rates and 
improves baseline symptomatic control when used as main-
tenance therapy.18 These findings prompted the develop-
ment of IL-5–neutralizing monoclonal antibodies (mAbs). 
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Other monoclonal antibodies that target IL-5 include resli-
zumab and benralizumab. Reslizumab works similarly as 
a monoclonal IL-5 antagonist, however, binds to a different 
epitope.12,15 Benralizumab is an IL-5 receptor alpha 
(IL5Rα) chain antagonist, which works by reducing IL-5 
binding as well as through antibody-dependent cell- 
mediated cytotoxicity (Figure 2).15 Mepolizumab (Nucala, 
GlaxoSmithKline) is the first-in-class monoclonal antibody 
that targets IL-5. First approved by the FDA in June 2015, at 
present it is used for severe eosinophilic asthma as an add- 
on maintenance treatment both in adults and children over 
the age of 6. This makes mepolizumab in the United States 
the only targeted biologic approved for severe asthma in the 
pediatric population. It is also approved in the United States 
as add-on maintenance treatment for patients with Churg– 
Strauss Syndrome.11 Mepolizumab is currently being inves-
tigated for several other indications. As per Phase 3 studies, 
mepolizumab was associated with a lower annual rate of 
moderate or severe exacerbations than placebo among 
patients with chronic obstructive pulmonary disease 
(COPD) and an eosinophilic phenotype.19 It is also the 
first therapy capable of reducing flares in patients with 

hypereosinophilic syndrome,20 and the first anti-IL5 biolo-
gic to report positive phase 3 results in patients with nasal 
polyps.21

The Efficacy of Mepolizumab in 
Severe Eosinophilic Asthma in 
Clinical Trials
A comprehensive clinical trial program investigated the 
efficacy of mepolizumab which consisted of 4 randomized, 
double-blind, parallel-group clinical studies of between 24 
and 52 weeks duration (Figure 3). The dose-ranging effi-
cacy study DREAM23 and the exacerbation reduction 
study MENSA24 were complemented by SIRIUS,18 an 
oral corticosteroid-sparing study, and MUSCA,25 

a quality-of-life study. The study patients were aged 12 
years and older, and had severe refractory eosinophilic 
asthma. The latter means that they remained uncontrolled 
(2 ≤ severe exacerbations in the previous 12 months) on 
their current standard of care, including at least high-dose 
ICS plus LABA, LTRA, long-acting muscarinic antago-
nists (LAMA), or theophylline, or were dependent on 

Figure 1 Medication options for asthma. 
Notes: ©2020 Global Initiative for Asthma, reprinted with permission. Available from www.ginasthma.org.8 

Abbreviations: ICS, inhaled corticosteroid; SABA, short-acting beta2-agonist; LTRA, leukotriene receptor antagonist; LABA, long-acting beta2-agonist; IgE, immunoglobulin 
E; IL5, interleukin 5; IL5R, interleukin 5 receptor; IL4R, interleukin 4 receptor; OCS, oral corticosteroid.

Dovepress                                                                                                                                                       Miyokawa et al

Patient Preference and Adherence 2020:14                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1671

https://www.ginasthma.org
http://www.dovepress.com
http://www.dovepress.com


Figure 2 Therapeutic targets for biologics in severe asthma. 
Notes: Adapted from Fajt ML, Wenzel SE. Development of New Therapies for Severe Asthma. Allergy Asthma Immunol Res. 2017;9(1):3–14.22 Mepolizumab and reslizumab 
are monoclonal antibodies that antagonize IL-5, whereas benralizumab inhibits the alpha unit of IL-5 receptors. Dupilumab targets the alpha unit of IL4 receptors, and 
omalizumab targets circulating IgE. 
Abbreviations: IL-5, interleukin 5; IL5R, interleukin 5 receptor; IL-4, interleukin 4; IL4R, interleukin 4 receptor; IL-13, interleukin 13; IgE, immunoglobulin E; FcεRI, high- 
affinity IgE receptor; Th2 cell, T helper type 2 cells.

Figure 3 Overview of Clinical Trials with Mepolizumab in the Treatment of Severe Eosinophilic Asthma. 
Abbreviation: OCS, oral corticosteroid.
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systemic corticosteroids. Patients continued to receive 
their existing asthma medicine during the studies.

In the Phase II trial DREAM, patients in the intrave-
nous (IV) mepolizumab-treated arms (75, 250, and 
750 mg) demonstrated statistically significant reductions 
in asthma exacerbations by 48%, 39%, and 52%, respec-
tively, relative to placebo.23

In the subsequent Phase III exacerbation reduction 
study MENSA, subcutaneous (SC) and IV mepolizumab 
reduced annualized exacerbation rates by 47% and 53% 
each, relative to placebo. The SC dose reduced hospitali-
zations by 69%, and ED visits and hospital admissions by 
61%. Sixty-seven percent of patients in the mepolizumab 
arm had zero exacerbations.24

Post hoc analysis combining the DREAM and MENSA 
studies revealed a trend of greater reduction in exacerba-
tions with increasing baseline blood eosinophil count.24

Mepolizumab was associated with significant improve-
ments in health status in patients with severe eosinophilic 
asthma, as demonstrated by the phase IIIb quality-of-life 
study, MUSCA.25

Next, SIRIUS,18 a phase III OCS reduction study eval-
uated the effect of SC mepolizumab on reducing the require-
ment for maintenance OCS while maintaining asthma control 
in subjects with severe refractory eosinophilic asthma. The 
patients were on a baseline mean prednisone equivalent dose 
of approximately 13 mg/day, ranging from 5 mg to 35 mg. 
During an optimization period, patients were brought down 
to the lowest possible levels of OCS to keep their asthma well 
controlled. Patients receiving doses of 20 mg/day or less of 
prednisone at the end of the optimization phase were eligible 
to wean completely off steroids. This study showed 
a powerful 50% median reduction in OCS use from baseline 
compared with no change (0%) in placebo while maintaining 
asthma control. That is, patients in the mepolizumab group 
reduced their steroid dose from a median dose of 10 mg/day 
down to 5 mg/day.

The real-world effectiveness of mepolizumab in severe 
eosinophilic asthma patients in a routine care setting is 
currently being studied in a two-year, global, prospective, 
single-arm, observational cohort study called REALITI- 
A.26 The interim analysis has reported a 69% reduction 
in the annual rate of clinically significant exacerbations 
and a 77% reduction in the annual rate of exacerbations 
requiring hospitalization or emergency room visits. 
A significant reduction was also observed in median 
OCS dose from 10 mg/day to 5 mg/day, with 34% of 
patients able to discontinue oral corticosteroid use 

completely. The full results of this study are expected to 
be released in 2021.

COLUMBA,27 a 4.5 year-long extension study to 
DREAM, investigated the long-term safety and efficacy of 
mepolizumab. As much as 33% of patients had no exacerba-
tions on long-term treatment with mepolizumab, and 53% 
had ≤1 exacerbations over 4.5 years despite entering the 
study with an average of almost two exacerbations (1.74) 
per year. It also showed a 61% decrease in exacerbation rate. 
Mepolizumab achieved a 78% reduction in blood eosinophils 
from a mean baseline blood eosinophil level of 240 cells/µL 
by week 4 and sustained this over the study period. An 
improvement in asthma control was seen by week 12 and 
was maintained until the end of the 4.5-year-long study. The 
initial improvement in lung function gradually eased over the 
study period, reflecting the overall decline in lung function 
seen in patients with severe asthma.27,28

An extension study to COLUMBA, COMET29 exam-
ined outcomes after continuing or stopping mepolizumab 
following long-term continuous treatment on mepolizu-
mab. Patients who stopped mepolizumab had an increase 
in blood eosinophil count, an increase in exacerbations, 
a shorter time to first exacerbation, and a reduction in 
asthma control versus those who continued mepolizumab. 
Long-term treatment with mepolizumab in the COSMEX 
study30 provided sustained and consistent exacerbation 
and OCS reductions for up to 4.5 years with additional 
patients no longer requiring oral steroids.

Reported Adverse Effects of 
Mepolizumab
In DREAM, MENSA and SIRIUS, about 2% of patients 
receiving mepolizumab withdrew from the clinical trials 
due to adverse events, compared with 3% of patients in the 
placebo arm (Table 1). The most commonly reported adverse 
reactions during treatment were headache (19%), local injec-
tion site reactions (8%) back pain (5%) and fatigue (5%). In 
the above trials, 3% of patients experienced influenza, urin-
ary tract infection, upper abdominal pain, pruritus and 
eczema, respectively. Systemic reactions occurred in 3% of 
patients and manifested in rash, flushing, pruritus, headache 
and myalgia, mostly on the day of dosing. Acute and delayed 
systemic reactions, including hypersensitivity reactions (eg, 
anaphylaxis, urticaria, angioedema, urticaria, rash, bronch-
ospasm, hypotension) occurred in 2% of patients, mostly 
within hours of administration, but in some instances later, 
in several days. Herpes zoster occurred in 2 patients as 
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a serious adverse event; therefore, it is advisable to consider 
vaccination if appropriate.31

The safety profile of mepolizumab in severe refractory 
eosinophilic asthma patients in open-label extension stu-
dies such as COLUMBA, COSMOS, and COSMEX in the 

course of a median of 2.8 years of treatment (range 4 
weeks to 4.5 years) was similar to that observed in the 
placebo-controlled studies.

The long-term safety and efficacy of mepolizumab in 
patients with severe eosinophilic asthma was evaluated in 

Table 1 Reported Adverse Events with Asthma Biologics

Omalizumab Mepolizumab Reslizumab Benralizumab Dupilumab

Anaphylaxis warning Yes, 0.1% as early as first dose premarketing 

and at least 0.2% post- marketing

No, but reported Yes, 0.3% and 

as early as 

the second 

dose

No, but 

reported

No, but 

reported

Epinephrine injectable 

required

Yes No, or physician decision Yes No, or 

physician 

decision

No, or 

physician 

decision

Pregnancy category B ? ? ? ?

Injection site reaction, 

ie pain, erythema, 

itching, swelling, burning

45% vs 43% with placebo 8% vs 3% with placebo Not reported 2.2% vs 1.9% 

with placebo

18% vs 6% 

with placebo

Headache 15% and similar to placebo 19% vs 18% with placebo Not reported 8% vs 6% with 

placebo

Not 

reported

Pharyngitis or 

oropharyngeal pain

11% and similar to placebo < 3% 2.6% vs 2.2% 

with placebo

5% vs 3% with 

placebo

2% vs 1% 

with placebo

Hypersensitivity 

reactions§

Moderate to Severe Persistent 3% vs 3% with placebo Reported with 

anaphylaxis

3% vs 3% with 

placebo

<1% in 

clinical trials

Fever See Notes below Not reported Not reported 3% vs 2% with 

placebo

Not 

reported

Blood eosinophils ≥ 

3000 cell/µL

Not reported Not reported Not reported Not reported 2% vs <1% 

with placebo

Parasites (Helminth) 

infection*

53% vs 42% with placebo in Brazil Caution, no cases reported Caution, no 

cases 

reported

Caution, no 

cases reported

Caution, no 

cases 

reported

Other Malignancy 0.5% vs 0.2% with placebo¶ 2 serious Herpes zoster reactions 

occurred vs none with placebo. 

Consider prior vaccination

Malignancy 

0.6% vs 0.3% 

with placebo

Risk of cancer 

unknown

Risk of 

cancer 

unknown

Notes Churg- Strauss syndrome reported£ With 

fever + arthralgia + rash + lymph nodes = ? 

serum sickness = STOP treatment

Indicated for treatment of Churg- 

Strauss syndrome at dosage of 

300 mg SC every 4 weeks

Notes: Direct comparison of adverse events between biologics is invalid for assessment of safety or medical decision-making. Only comparison to placebo in each biologic is 
valid. §Hypersensitivity reactions may include skin rash, urticaria, angioedema, and/or bronchospasm. For mepolizumab, hypotension and anaphylaxis was included in the 
Prescribing Information as a hypersensitivity reaction. *Treat patients with pre-existing helminth infections before initiating therapy with a biologic. If patients become 
infected while receiving treatment with biologic and do not respond to anti-helminth treatment, discontinue treatment with biologic until infection resolves. ¶In a subsequent 
observational study of 5007 omalizumab-treated and 2829 non- omalizumab-treated adolescent and adult patients with moderate to severe persistent asthma and a positive 
skin test reaction or in vitro reactivity to a perennial aeroallergen, patients were followed for up to 5 years. In this study, the incidence rates of primary malignancies (per 
1000 patient years) were similar among omalizumab-treated (12.3) and non-omalizumab-treated patients (13.0) [see Adverse Reactions (6)]. However, study limitations 
preclude definitively ruling out a malignancy risk with omalizumab. Study limitations include: the observational study design, the bias introduced by allowing enrollment of 
patients previously exposed to omalizumab (88%), enrollment of patients (56%) while a history of cancer or a premalignant condition were study exclusion criteria, and the 
high study discontinuation rate (44%). £In rare cases, patients with asthma on therapy with omalizumab may present with serious systemic eosinophilia sometimes presenting 
with clinical features of vasculitis consistent with Churg-Strauss syndrome, a condition which is often treated with systemic corticosteroid therapy. These events usually, but 
not always, have been associated with the reduction of OCS therapy. Physicians should be alert to eosinophilia, vasculitic rash, worsening pulmonary symptoms, cardiac 
complications, and/or neuropathy presenting in their patients. A causal association between omalizumab and these underlying conditions has not been established. ? indicates 
unknown. Data from Fajt and Wenzel.22 

Abbreviations: SC, subcutaneous: OCS, oral corticosteroid.
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the long-term open-label extension study COLUMBA,31 

the longest study of an anti-IL5 biologic treatment in 
severe eosinophilic asthma to be reported. COLUMBA 
was an extension study to DREAM, where mepolizumab 
was added to standard care for an average of 3.5 years and 
a maximum of 4.5 years. The safety and immunogenicity 
profile of mepolizumab was similar to previous clinical 
studies, with no new safety concerns identified. In 
COLUMBA, on-treatment adverse events were reported 
in 94% of patients, of which the most frequently reported 
were viral upper respiratory tract infection (49%), head-
ache (29%), asthma worsening (27%), bronchitis (21%). 
Serious adverse events occurred in 23% of patients, who 
experienced asthma (10%) and pneumonia (2%). Eight 
participants (2%) developed allergic/hypersensitivity reac-
tions, although none met diagnostic criteria for anaphy-
laxis. Eight subjects (2%) experienced a herpes zoster 
infection. There were 6 deaths, none of which were 
assessed as related to mepolizumab. Anti-drug antibodies 
were detected in 8% of patients, with no neutralizing 
antibodies, and no impact on blood eosinophil level or 
the pharmacokinetics and pharmacodynamics of mepoli-
zumab, consistent with the immunogenicity profile from 
previous studies.27

While there has been studies that show that mepolizu-
mab may decrease oral glucocorticoid requirements, 
patients should not abruptly discontinue steroid use with 
initiation of mepolizumab.11 It should be also noted that 
mepolizumab is not indicated for use as acute therapy for 
bronchospasm or status asthmaticus.11

Although no parasitic infections were reported in the 
clinical studies with mepolizumab, for all the new biologics 
affecting eosinophils, there is a theoretical risk of interfer-
ence with the immunological response to helminth infec-
tions. Treatment of existing helminth infections is advised. If 
the patient becomes infected while on treatment, the tem-
porary discontinuation of therapy might be necessary.31

Single doses of up to 1500 mg were administered 
intravenously in a clinical trial to patients with eosinophi-
lic disease without evidence of dose-related toxicities. 
There is no specific treatment for an overdose with mepo-
lizumab. If overdose occurs, the patient should be treated 
supportively with appropriate monitoring as necessary.31

In terms of interaction with other drugs, cytochrome 
P450 enzymes, efflux pumps and protein-binding mechan-
isms are not involved in the clearance of mepolizumab. 
The potential for interactions with mepolizumab is there-
fore considered low.31

Monoclonal antibodies do cross the placenta, particularly 
in the 2nd and 3rd trimester.32 Therefore, pregnant women 
were excluded from the studies, and women of childbearing 
age were required to use effective birth control. This is why 
only a limited amount of data (less than 300 pregnancy out-
comes) is available from the use of mepolizumab in pregnant 
women, and its potential for causing fetal harm is not known. 
No data exist regarding the excretion of mepolizumab in 
human milk either. In monkeys, mepolizumab was shown 
to cross the placental barrier and was shown to be excreted 
into the milk of monkeys at concentrations of less than 0.5% 
of those detected in plasma. Although animal studies did not 
indicate any reproductive toxicity, it is preferable to avoid the 
use of mepolizumab during pregnancy and breastfeeding.32 

A pregnancy exposure registry is available to monitor preg-
nancy outcomes in women exposed to mepolizumab during 
pregnancy.33

In the clinical trial of patients aged 6–11 years, the 
adverse reaction profile was similar to that observed in 
patients aged 12 years and older.31

Mepolizumab Pharmacokinetics and 
Route of Administration
Mepolizumab is absorbed subcutaneously, with a central 
volume of distribution of about 3.6 L for a 70 kg patient.11 It 
is metabolized by proteolytic enzymes that are present diffu-
sely, including the liver.11 On the other hand, mepolizumab is 
not renally metabolized.11 The reported half-life for elimina-
tion is 16 to 22 days.11 In doses between 12.5 and 200 mg, its 
pharmacokinetics remain dose proportional.10,11 Mepolizumab 
is available in the subcutaneous form only, and is recom-
mended to be administered in the upper arm, thigh, or 
abdomen.11 For severe eosinophilic asthma, a single 100 mg 
injection is administered every four weeks.11 There are no dose 
adjustments recommended for patients with renal or hepatic 
impairment.10,11 The original mepolizumab preparation was 
manufactured in the lyophilized form in vials, which require 
sterile water reconstitution and injection by healthcare profes-
sionals “in-office”.11 With the advent of a comparable liquid 
formulation,34 mepolizumab gained FDA approval in 
June 2019 for two new, “at-home” methods of self- 
administration either as an autoinjector (AI) or as a pre-filled 
safety syringe.11 Real-world data from 2 open-label single-arm 
phase 3a studies35,36 showed that patients with severe eosino-
philic asthma were successful at self-administering the drug 
both via the AI (89–95%) and prefilled safety syringe (100%) 
after receiving appropriate training from healthcare 
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professionals. This makes mepolizumab unique, in that it is the 
first anti-IL5 biologic to be licensed in the US for at-home 
administration, and the first respiratory biologic to be approved 
for administration via an autoinjector.37

Severe Asthma Clinic Experiences
University of California, Davis Asthma 
Network Clinics (UCAN™)
Program Overview
The approach at UC Davis to difficult-to-control asthma 
(Asthma Control Test [ACT] score <20 after 3 months of 
adherence to ICS plus LABA) requires first ascertaining 
the diagnosis of asthma is correct.38 We exclude other 
common diagnoses mimicking asthma, for example, gas-
troesophageal reflux disease (GERD), vocal cord dysfunc-
tion, asthma-COPD overlap syndrome (ACOS). We also 
identify confounding co-morbidities such as gastroesopha-
geal reflux disease (GERD), obstructive sleep apnea 
(OSA), and use of drugs including beta-blockers and 
angiotensin-converting enzyme inhibitors, even if this is 
the third or fourth evaluation (Figure 4). The GINA guide-
lines are reviewed every year to reflect new knowledge 
and practice experience.8,39

After re-evaluation of the diagnosis of asthma, we 
attempt to understand the asthma phenotype by clinical 
presentation or patient appearance. Examples include aller-
gic (extrinsic) or non-allergic (intrinsic), age stratification 
(early onset or late onset, less than or greater than 40 years 
old), lung function (fixed airway obstruction, FEV1 <80% 
predicted), and response to inhaled or systemic corticos-
teroids within their current asthma action plan after 
a required evaluation of their inhaler technique (Table 2).

Endotyping is done next to establish whether the 
patient’s asthma is T2-high or T2-low. Measuring biolo-
gic markers, specifically serum total IgE and 
ImmunoCap® panel to detect atopy, perennial aeroaller-
gens (dust mites, cockroach, pet dander), and fungal 
sensitivities, and FeNO provide valuable clues. 
A complete blood count with differential will yield per-
ipheral blood eosinophil numbers which can further 
group patients into eosinophilic or non-eosinophilic 
(dominant cell neutrophils, mixed inflammatory granulo-
cytes, or paucigranulocytic) endotypes based on periph-
eral eosinophil count.40 A peripheral eosinophil count of 
at least 150 cells/µL is considered clinically significant if 
the patient is on moderate to high-dose ICS and/or any 
dosage of prednisone or methylprednisolone. Non- 

allergic phenotype tends to be associated with obesity 
and late-onset phenotype with female gender. Other 
important asthma endotypes include aspirin-exacerbated 
respiratory disease and allergic bronchopulmonary 
mycosis.

This initial screening of the asthma patient’s phenotype 
and endotype can be achieved readily in a primary care 
clinic by ordering these biomarkers before consultation 
with an asthmatologist. Our experience is that a referral 
clinic dedicated to difficult-to-control asthma promotes 
patient education, correct inhaler technique, patient safety, 

Figure 4 Difficult-to-control asthma treatment and referral process at UC Davis 
Asthma Network. 
Abbreviations: PFT, pulmonary function test; ACT, asthma control test; ABPA, 
allergic bronchopulmonary aspergillosis: GERD, gastroesophageal reflux disease: 
CHF congestive heart failure.
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and clinical outcomes favorable to both patients and the 
healthcare institution.

In the truly difficult-to-control asthmatic, we would con-
sider a chest CT for bronchiectasis, hypersensitivity pneumo-
nitis, interstitial lung disease, or venous thromboembolism if 
the diffusion capacity of the lungs for carbon monoxide 
(DLco) is abnormally low (<80% predicted). It is important 
to consider fiberoptic bronchoscopy with bronchoalveolar 
lavage, endobronchial and transbronchial biopsies if the diag-
nosis of sarcoidosis is a possibility. If we find a positive 
serology for Aspergillus species or other fungus in the right 
clinical situation, we consider treatment for 8 months with 
itraconazole 200 mcg twice daily.40 If we want to truly assess 
corticosteroid responsiveness, we treat the patient with 12 days 
of prednisone (eg, 40 mg x 3 days, 30 mg x 3 days, 20 mg x 3 
days, 10 mg x 3 days), often in the late afternoon rather than 
the morning, and have the patient return to clinic to determine 
if his or her asthma is refractory to corticosteroids. A favorable 
response to ICS, for example, improvement in symptoms and 
spirometry (FEV1 increase by >5%), would drive us to con-
sider add-on maintenance therapies in addition to high-dose 
ICS and LABA, as outlined in Step 5 of the GINA 2019 guide 
(Figure 1).8,9 In our clinic experience, the majority of our 
asthma patients fulfill the severe asthma definition and need 
daily OCS in addition to high-dose ICS to control symptoms.5

Five asthma biologic monoclonal antibodies are available 
for prescription when considering Step 5 GINA 2020 recom-
mended therapies (Tables 1 and 3). In alphabetical order, 
these biologics include benralizumab, which targets IL5Rα, 
dupilumab which targets IL4Rα, mepolizumab and reslizu-
mab which target circulating IL-5, and omalizumab which 
targets circulating IgE (Figure 2). We monitor patients 

receiving omalizumab or any patient with a history of ana-
phylaxis regardless of the biologic prescribed in clinic for 
anaphylaxis for 2 hours the first 3 injections (captures 77% of 
anaphylactic reactions) and would discontinue if there is no 
clinical benefit after 3 to 4 months of asthma control 
assessment.41,42 At UC Davis, we additionally offer bron-
chial thermoplasty to both T2-high and T2-low asthmatics 
who are not interested in prolonged injectable biologic treat-
ments or their adverse effects and to patients who failed to 
improve on asthma biologics.43

Patient Acceptance and Usability of 
Self-Administered Medications
Acceptance and adherence of self-administered medica-
tions have been surprisingly higher in our clinical practice 
after taking the time to review each patient’s “life-markers. 
” It is during that initial discussion that patients can 
express if they feel uncomfortable or are uncertain if 
they can appropriately inject themselves. If patients still 
feel insecure or uncomfortable after the first supervised 
self-administration of mepolizumab, we will transition 
medication administration to be done only in the clinic. 
Patients are also given the option to bring in their auto-
injector, so they could be supervised as they self-inject 
until they feel comfortable doing it at home. Once 
Mepolizumab received FDA approval for its AI on 
June 2019, patients who were receiving their mepolizumab 
injection in clinic were informed that they would now 
have the option to switch to home autoinjector. 
Interestingly, less than a third of our current in-clinic 
mepolizumab patients were willing to switch over to 
home injection while the remaining patients preferred non- 
autoinjector in-clinic injections. Nevertheless, having the 
option to perform biologic injections at home has now 
provided a way for patients with certain barriers (eg, lack 
of transportation, residing extremely far from clinic) to 
receive injections more consistently.

At UC Davis, we have developed best practices for at- 
home self-administration of biologics by patients or care-
givers. This is founded on patient education on proper use 
and administration of AIs and regular review of important 
safety information including adverse events that can occur 
at home. A concierge service is provided to patients by 
pager every day, or a scheduled video visit from a team 
consisting of a UCAN registered respiratory therapist 
(RRT) and an asthmatologist who is a pulmonologist at 
UC Davis.

Table 2 Asthma Phenotypes and Endotypes

Asthma Phenotypes

Allergic asthma
Non-allergic asthma

Asthma with obesity

Asthma with fixed airway disease
Asthma with late onset

Asthma endotypes
T2-high, including IgE-mediated asthma and immunogenesis from 

IL-4, IL-5, IL-9, IL-13
T2-low, including IL-5, IL-13

Eosinophilic with peripheral blood eosinophils ≥ 150 to 300 cells/µL

Non-eosinophilic, including neutrophilic, mixed, and paucigranulocytic

Notes: Data from Global Initiative for Asthma. Global Strategy for Asthma 
Management and Prevention. 2020.8
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We employ a patient safety checklist for determining 
whether the biologic prescribed such as mepolizumab is 
appropriate based on phenotype and endotype, effective 
(well-controlled asthma only, Asthma Control Test (ACT) 
≥20, no report of adverse reactions, or physician decision), 
and well tolerated for a patient to self-administer 
a biologic at home. Each case is assessed and all eight 
questions on the checklist must be answered YES before 
the at-home injection/administration option with a biologic 
can proceed (Table 4).

This process of transitioning from in-office to at-home 
administration requires experienced providers who are 

familiar with the biologics, the disease being treated, the 
preparation process prior to administration, and the actual 
injection. For example, we provide proper training on the 
mepolizumab autoinjector preparation, administration, and 
specific injection techniques using Instruction for Use44 

provided by GlaxoSmithKline.
We have recently employed video visits for patients 

participating in the at-home injection program to assess 
asthma control and review response to the biologic.

Clinical monitoring for complications from drug injec-
tion and mitigation of risks unique to the individual patient 
are best achieved when biologics are injected in a clinic 

Table 3 Biologics for Uncontrolled Severe Asthma

Omalizumab Mepolizumab Reslizumab Benralizumab Dupilumab

Mechanism of 
Action

Anti-IgE Anti-IL-5 Anti-IL-5 Anti-IL5Rα Anti-IL4Rα

Dosing In-Office 75 to 375 mg SC 
every 2 to 4 weeks

100 mg SC every 4 
weeks

3 mg/kg IV every 4 
weeks

30 mg SC every 4 
weeks then every 8 

weeks

200 mg or 300 mg 
every 2 weeks

Dosing At-Home N/A 100 mg SC every 4 

weeks by 
autoinjector

N/A 30 mg SC every 8 

weeks by autoinjector

300 mg every 2 

weeks by pre-filled 
syringe

Anaphylaxis 
warning

Yes No Yes No No

Age (years) 
Eligibility

Age ≥ 6 Age ≥ 6 Age ≥ 18 Age ≥ 12 Age ≥ 12

Asthma severity 
(NAEPP 2007)

Moderate to Severe 
Persistent

Severe Persistent Severe Persistent Severe Persistent Moderate to Severe 
Persistent

Severe Asthma 
diagnosis (GINA 

2019)

Yes Requiring Step 4 
or Step 5

Yes Requiring Step 4 
or Step 5

Yes Requiring Step 4 or 
Step 5

Yes Requiring Step 4 
or Step 5

Yes Requiring Step 4 
or Step 5

Standard of Care Medium to High-dose 

ICS ± other controller

High-dose ICS + 

LABA or LTRA

Medium to High-dose 

ICS ± another 

controller

Medium to High-dose 

ICS + LABA

Medium to High- 

dose ICS + LABA

Daily OCS 

accepted

Yes Yes Yes Yes No

Exacerbation 

history past 12 
months

N/A ≥ 2 ≥ 1 ≥ 2 ≥ 1

Atopy required Yes No No No No

IgE level (IU/mL) 30 to 700 IU/Ml N/A N/A N/A N/A

Eosinophil count 

(cells/mm3)

N/A ≥ 150, or ≥ 300 in 

past year

≥ 400 Any or eosinophilic 

phenotype

Any or eosinophilic 

phenotype

Abbreviations: SC, subcutaneous; IV, intravenous; N/A, not available; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonist; LTRA, leukotriene receptor antagonist; 
OCS, oral corticosteroids; NAEPP, National Asthma Education and Prevention Program; GINA, Global Initiative for Asthma 497.
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supervised by on-site physicians who can respond to serious 
adverse reactions, including life-threatening anaphylaxis. 
Patients typically receive their first three months of treatment 
in the clinic (with the exception of dupilumab).

Medication adherence refers to whether patients take their 
medications as prescribed, eg, once a month, once every two 
weeks, or once every eight weeks. There is no gold standard for 
measuring medication adherence. The relationship between 
the clinic and patient, as well as access to our UCAN RRT 
and/or asthmatologists when questions arise, is vital in opti-
mizing adherence. Non-adherence or non-compliance is 
a major problem and can consist of patient failing to take 
their prescribed medications as prescribed, not injecting incor-
rectly, or forgetting/failing to refill the biologic prescription 
regularly. This can be minimized by having only a one-month 
supply of the biologic filled at a time. It can also be requested 
that the specialty pharmacy involved notifying the clinician if 
the patient is not picking up their biologic as prescribed.

Our experience from the in-clinic injection program pro-
vides the clinical response and frequency of acute exacerba-
tions that is expected with at-home injection in patients with 
severe asthma. We recommend that patients visit clinic 

quarterly or every three months for the first year, then at 
least every six to 12 months (or sooner as necessary). 
A potentially harmful problem in ten to 15% of our patients 
on asthma biologics is self-discontinuation of some or all of 
their other daily asthma medications, including OCSs. Patients 
might fail to notify the clinic about stopping standard of care 
treatments if they become convinced that the biologic is 
a miracle drug after their persistent asthma symptoms improve 
dramatically or their need for albuterol disappears. All patients 
must be warned to not discontinue systemic or inhaled corti-
costeroids abruptly upon initiation of any biologic therapy. 
Decreases in corticosteroid doses, if appropriate, should be 
gradual and under the direct supervision of a physician. 
Reduction in systemic corticosteroid dose may be associated 
with withdrawal symptoms and/or unmask conditions pre-
viously suppressed by OCS therapy, such as Churg–Strauss 
syndrome.

Authorizations from healthcare insurers are typically 
issued for 12 months. Each clinic team must regularly docu-
ment office visit assessments for asthma control, as well as 
annual re-assessment to determine if continuation of the 
biologic is medically necessary. Chart notes, laboratory 
data, and consultation documentation are typically submitted 
for initial prior authorization and for continuation of treat-
ment at least once annually. Peer-to-peer review is a common 
occurrence with any request for authorization.

To maintain authorization from the healthcare insurer, 
the physician or provider must document effectiveness as 
evidenced by improvement in asthma control with the add- 
on biologic after initial therapy, whether in-office or at- 
home. Improvement can be measured with the Asthma 
Control Test (ACT) score by an increase at least 3 points 
or more, score ≥20 or attainment of the best control 
possible under the prevailing circumstances, decrease in 
need for daily prednisone or bursts, decrease in need for 
albuterol, or decrease in need for urgent care, or emer-
gency department visits and/or hospitalization for uncon-
trolled asthma. Discontinuation of treatment should be 
a joint decision between the patient and the physician or 
asthmatologist whether in office or at home (Table 5).

Loma Linda University Asthma Clinic
Program Overview
Before the selection and administration of mepolizumab, 
a thorough discussion with the patient should be per-
formed. Like the practices at the UC Davis, at Loma 
Linda University Health (LLUH), we review the inflam-
matory profile and discuss the meaning of biomarkers with 

Table 4 Checklist to Qualify for UCAN at-Home Injection 
Program

All Questions Must Be Answered YES for a Patient to 
Qualify for Program

1. Diagnosis of asthma is correct?

2. Phenotype and endotype is correct?
3. Asthma is well-controlled or best control achieved? 

That is Asthma Control Test (ACT) ≥ 20 or attainment of the best 

control possible (ACT<20) or at least 3 months on a biologic 
(exception with dupilumab which is discouraged by insurers from 

being administered in office) and standard of care treatments, ie ICS + 

LABA ± additional controller
4. Absence of adverse events or side effects attributable to biologic 

drug?

5. Patient prefers at-home injection?
6. Absence of hypersensitivity reactions and/or anaphylaxis after 3 

months of clinic administration of asthma biologic (exception with 
dupilumab)?

7. Anticipated medication adherence and compliance with at-home 

administration is good?
8. Competence confirmed using the patient teach-back method in 

clinic to assess a patient’s competence in employing the necessary 

knowledge and technique self- administer biologics at home, including 
storage, checking for expiration date, selection and rotation of 

injection sites, and proper disposal after use?

Abbreviations: UCAN, University of California, Asthma Network; ACT, Asthma 
Control Test; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonist.
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each patient. We then proceed to go beyond the biomar-
kers and explore the patient’s “life-markers.” Synonymous 
with shared decision-making (SDM), “life-markers” com-
prise the patient’s needs, values and preferences. By inten-
tionally going beyond the patient’s biomarkers and 
addressing the patient’s “life-markers,” we can choose 
the best biologic treatment plan with the aim of improving 
patient satisfaction and overall outcome.45

Addressing each patient’s life-marker also provides 
insight on whether administration in office or at home 
injection is the preferred route. Mepolizumab was initially 
approved as a subcutaneous in-office injection add-on 
treatment for patients with uncontrolled severe eosinophi-
lic asthma and for patients with eosinophilic granuloma-
tosis with polyangiitis once every four weeks. However 
more recently, mepolizumab liquid is also now available in 
a ready-to-use single-use prefilled autoinjector or safety 
syringe that allows patients (or their caregivers) to admin-
ister the drug at home every four weeks.

For patients who prefer home injection mepolizumab use, 
the first injection is typically supervised under the guidance of 
a healthcare provider. The designated healthcare provider at 
LLUH is our biologic nurse that supervises and educates the 
patient and/or caregiver. After reviewing how to use the auto-
injector or safety syringe properly, patients are informed on the 
most common side effects in addition to education on potential 
parasitic infections and the high-risk behaviors associated with 
catching a parasitic infection. Our patients are provided 
a handout we created at LLUH on things to be aware of and 
avoid while being on an asthma biologic. On the handout, 
behaviors that increase the risk of parasitic infection in addi-
tion to signs and symptoms related to parasitic infections are 
highlighted. We felt that although reported parasitic infections 
while being on asthma biologics have been extremely rare at 
this time there is insufficient longitudinal data available to 

provide a definitive statement.46 Patients who are unable to 
return to the clinic for supervision for their first injection are 
encouraged to utilize the nurse assistance program provided by 
the manufacturer of mepolizumab.

Best Practices with Follow-Up
Patients are closely followed post biologic administration 
with a return visit scheduled as early as two months to re- 
evaluate symptoms and adherence to the new add-on biolo-
gic medication. The time frame for medication effectiveness 
varies per patient, but it is our experience that improvement is 
typically seen within two months and if at two months there 
is worsening, minimal, or no improvements, reassessing 
medication adherence, inhaler technique and co-morbidities 
is performed. It is also during this timeframe that discussion 
and evaluation to see if switching to another asthma biologic 
or the addition of a non-biologic (ie, bronchial thermoplasty) 
treatment should be attempted at the end of four months.5,47

Conclusion
With an increased understanding of asthma phenotypes and 
endotypes comes a more individualized treatment plan for 
patients with severe asthma. Specifically, in patients with 
severe eosinophilic asthma, biologic therapy such as mepoli-
zumab has been shown to be beneficial in reducing exacerba-
tion rates.18 In addition, a benefit to mepolizumab is its 
availability as easy-to-use subcutaneous autoinjectors or pre-
filled syringes that can be administered at home by the patients 
themselves or by their caregivers.48,49 UC Davis and Loma 
Linda University Health have both incorporated home- 
injection programs within the asthma clinics, with individua-
lized discussions with patients about clinic-to-home transitions 
based off of not only their disease state but also their “life- 
markers.” Programs like these can not only ultimately lead to 
decreased healthcare costs by reducing clinic visits but also 
allow patients with barriers to receiving in-clinic injections to 
obtain their biologic doses more consistently. The presence of 
an asthma clinic with organized home-injection training and 
follow-up protocols can also be helpful in overcoming barriers 
to self-administration by improving patient acceptance and 
usability of these medications.

Disclosure
SL is a consultant and speaker for AstraZeneca, Genentech, 
GlaxoSmithKline, Regeneron, and Sanofi Genzyme. LT 
reports personal fees from AstraZeneca, Sanofi, Regeneron, 
Boehringer Ingelheim, and Genentech, outside the submitted 

Table 5 Indications for Discontinuation of Treatment at UCAN 
at-Home Injection Program

Discontinuation of at-Home Administration is Indicated if 
Any of the Following Events or Condition Applies

1. Intolerance to biologic, eg persistent headache, nausea

2. Poor adherence or compliance with treatment that is 
uncorrectable

3. Poor response to treatment, ie decline in asthma control, increase 

in symptoms and/or acute exacerbations
4. Hypersensitivity and/or anaphylaxis to the biologic or any excipient 

of the formulation

Abbreviation: UCAN, University of California, Asthma Network.
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