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ABSTRACT
RATIONALE: While severe asthma affects approximately 5% of all individuals with asthma, this small
minority of individuals accounts for a large proportion of the asthma-related costs. Greater understanding
of the pathophysiology of asthma combined with the emergence of novel biologic therapies for severe
asthma supported the need for a thorough review of the diagnosis, investigation, phenotyping, and
management of severe asthma.
OBJECTIVES: We aimed to propose a practical approach to distinguish uncontrolled asthma due to
inadequate asthma management from severe asthma despite optimal asthma management. Moreover,
based on emerging scientific evidence, we sought to provide guidance for characterizing individuals with
severe asthma and considering a phenotype-specific management. We also aimed to review other novel
new potential therapeutic approaches.
METHODS: We systematically reviewed the relevant literature focusing on randomized controlled
trials and when available, systematic reviews of randomized controlled trials. The proposed key
messages, based on scientific evidence and expert opinion, were agreed upon by unanimous
consensus.
MAIN RESULTS: We defined severe asthma and outlined its significant impact from the societal and
patient perspectives. We outlined a practical approach to distinguish severe from uncontrolled but
not severe asthma, based on stepwise investigation and management of potential reasons for
uncontrolled asthma. After reviewing the current evidence we concluded that: 1) Several biomarkers
(e.g. sputum or blood eosinophil count, total IgE, or FeNO) can help identify potential responders to
new therapeutic options; 2) Tiotropium may be considered as an add-on therapy for individuals
12 years of age and over with severe asthma uncontrolled despite combination ICS/LABA therapy; 3)
The chronic use of macrolides may decrease asthma exacerbations in individuals 18 years of age
and over with severe asthma independent of their inflammatory profile; 4) Children aged 6 years
and older and adults who are sensitized to at least one relevant perennial allergen and who remain
poorly controlled asthmatics despite high dose ICS and a second controller can benefit from the
addition of anti-IgE therapy to reduce asthma exacerbations; due to the known risk of side effects
associated with high-dose ICS in children, omalizumab should also be considered in children and
adolescents who repeatedly exacerbate or have poor control when therapy is stepped down from
high-dose to moderate-dose ICS and at least one other controller; 5) Anti-IL5 therapies may be
considered for adults 18 years of age and over with severe eosinophilic asthma who experience
recurrent asthma exacerbations in spite of high doses of ICS in addition to at least one other
controller; and 6) Although bronchial thermoplasty has shown a decrease in asthma exacerbations in
one study, its role in the treatment of severe asthma remains uncertain.
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CONCLUSIONS: After reviewing existing and emerging therapies for severe asthma, we developed key
messages for phenotyping individuals with severe asthma and suggested phenotype-specific targeted
therapies. We highlighted gaps in knowledge in the pathophysiology of severe asthma, the identification
of responders, and the assessment of the efficacy of novel therapies that should be targeted by future
research.

R�ESUM�E
JUSTIFICATION: Bien que l’asthme s�ev�ere touche environ 5 % des asthmatiques, une grande proportion des
coûts li�es �a l’asthme est imputable �a cette petite minorit�e. Une plus grande compr�ehension de la
pathophysiologie de l’asthme, combin�ee �a l’�emergence de traitements biologiques novateurs pour
l’asthme s�ev�ere, a rendu n�ecessaire la r�evision approfondie du diagnostic, de l’investigation, du
ph�enotypage et de la prise en charge de l’asthme s�ev�ere.
OBJECTIFS: Nous avions pour but de proposer une approche pratique pour distinguer l’asthme non
contrôl�e dû �a une prise en charge inad�equate, de l’asthme s�ev�ere d�epit d’une prise en charge optimale de
l’asthme. De plus, �a partir des donn�ees probantes scientifiques �emergentes, nous avons cherch�e �a donner
des indications pour la caract�erisation des personnes souffrant d’asthme s�ev�ere et envisager une prise en
charge sp�ecifique �a leur ph�enotype. Nous avions aussi pour but d’examiner d’autres approches
th�erapeutiques novatrices potentielles.
M�ETHODES: Nous avons pass�e en revue la litt�erature pertinente de façon syst�ematique, en mettant l’accent
sur les essais contrôl�es randomis�es et, lorsqu’elles �etaient disponibles, sur les revues syst�ematiques d’essais
contrôl�es randomis�es.
PRINCIPAUX R�ESULTATS: Nous avons d�efini l’asthme s�ev�ere et d�ecrit ses effets importants du point de vue
soci�etal et du point de vue du patient. Nous avons pr�esent�e une approche pratique afin de distinguer
l’asthme s�ev�ere de l’asthme non contrôl�e mais non s�ev�ere, fond�ee sur une investigation par �etapes et la
prise en charge des causes possibles de l’asthme non contrôl�e.

Apr�es avoir examin�e les donn�ees probantes disponibles, nous avons conclu que : 1) Plusieurs
biomarqueurs (ex.: num�eration des �eosinophiles dans les expectorations ou dans le sang, IgE totales ou de
FeNO) peuvent aider �a r�epertorier les r�epondeurs potentiels aux nouvelles options th�erapeutiques; 2) Le
tiotropium peut être envisag�e en tant que traitement additionnel pour les individus âg�es de 12 ans et plus
souffrant d’asthme s�ev�ere non contrôl�e malgr�e une th�erapie associant les CSI et les ABAP; 3) L’usage
chronique des macrolides peut diminuer les exacerbations de l’asthme chez les individus âg�es de 18 ans
et plus souffrant d’asthme s�ev�ere ind�ependamment de leur profil inflammatoire; 4) Les enfants âg�es de six
ans et plus et les adultes sensibilis�es �a au moins un allerg�ene p�erenne pertinent qui demeurent des
asthmatiques mal contrôl�es malgr�e une forte dose de CSI et un deuxi�eme contrôleur peuvent b�en�eficier
de l’ajout d’un traitement anti-IgE afin de r�eduire les exacerbations de l’asthme; en raison du risque connu
d’effets secondaires associ�es �a une dose �elev�ee de CSI chez les enfants, l’omalizumab devrait aussi
être envisag�e chez les enfants et les adolescents qui souffrent d’exacerbations �a r�ep�etition ou dont
l’asthme est mal contrôl�e, lorsque le traitement passe d’une forte dose d’ICS �a une dose mod�er�ee d’ICS
assortie d’au moins un autre contrôleur; 5) Les traitements par anti-IL5 peuvent être envisag�es pour les
adultes de 18 ans et plus souffrant d’asthme �eosinophilique s�ev�ere qui sont aux prises avec des
exacerbations de l’asthme r�ecurrentes malgr�e des doses �elev�ees d’ICS associ�ees �a au moins un autre
contrôleur; et 6) Bien que la thermoplastie bronchique ait d�emontr�e une diminution des exacerbations de
l’asthme dans une �etude, son rôle dans le traitement de l’asthme s�ev�ere demeure incertain.
CONCLUSION: Apr�es avoir examin�e les traitements existants et �emergents pour l’asthme s�ev�ere, nous
avons d�efini des messages-cl�es pour ph�enotyper les individus souffrant d’asthme s�ev�ere et sugg�erer des
th�erapies cibl�ees sp�ecifiques au ph�enotype.

Introduction

Asthma is highly prevalent, affecting approximately 8.4% of
Canadians1 and poses a substantial burden on individuals, and
the health care system. Even though asthma mortality has
declined and is now infrequent in Canada,2 a recent review of
asthma deaths in the United Kingdom has shown these events
are often avoidable.3 In addition there are accumulating data to
suggest that uncontrolled asthma is highly prevalent in Can-
ada.4 While most uncontrolled asthma cases can be addressed
with self-management education and pharmacologic strategies
outlined in recent evidence-based guidelines,5,6 a subset of indi-
viduals have severe asthma which remains poorly controlled
despite these best practices. It should be noted that having
severe asthma does not imply the presence of uncontrolled
asthma. Severe asthma accounts for only approximately 5 to
10%5 of the population with asthma, yet it is responsible for up
to 50% of direct asthma costs and likely a much higher burden

if one considers indirect costs.7 Recognition of the significant
impact of severe asthma on individuals’ quality of life6 and its
associated costs occurs at a time when we have much greater
understanding of the pathophysiology of asthma, particularly
that of severe asthma. Consequently, many new novel thera-
pies8 for severe asthma have emerged, some of which are cur-
rently available, with others in the late stage development. This
position statement was developed to provide guidance for the
management of severe asthma, to specifically address the role
of new and emerging therapies, to better characterize potential
responders and to provide a revised treatment algorithm
accordingly.

Target population

This position statement applies to children (six years of age and
over), adolescents (12 to 17 years), and adults (18 years of age
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and over) with asthma confirmed in accordance with published
criteria,5,6 and who meet the definition of ‘severe asthma’ out-
lined below.

Target users

The key messages provided herein are intended for use by health-
care practitioners who encounter and/or manage severe asthma
including specialist physicians in respiratory medicine, pediatrics,
allergy and immunology, emergency, and primary care practi-
tioners, nurse practitioners, asthma/respiratory educators.

Methodology

Position statement development

The Canadian Thoracic Society (CTS) Asthma Clinical Assem-
bly undertook this review of the assessment and management
of severe asthma. The Assembly has a representative member-
ship of adult and pediatric respirologists, pediatricians, special-
ists in Allergy and Clinical Immunology and Emergency
Medicine, as well as a Primary Care physician. The document
was prepared in accordance with the CTS requirements for a
position statement (www.cts-sct.ca/guidelines). To answer each
of the clinical questions literature reviews were conducted by
the assembly members. Literature reviews included compre-
hensive searches of electronic databases from database incep-
tion to March 2017, focusing on randomized controlled trials
(RCTs) and meta-analyses. Search strategies included key-
words, with limits by study design and in some sections by spe-
cific inclusion criteria. Data from relevant studies were
abstracted and summarized into evidence tables (Appendix 1)
and are posted along with the guideline as supplementary
material online and at www.cts-sct.ca/guidelines. The final
report and its key messages were derived by consensus through
a series of telephone conference calls and two face-to-face
meetings. There was full consensus from Assembly members
on the key messages. The completed document was reviewed
by two asthma experts external to the CTS and one member of
another CTS Clinical Assembly as well as the CTS Canadian
Respiratory Guideline Executive Committee. One member
completed the AGREE II score sheet. Original reviews and
responses to reviews are posted along with the guideline and all
author conflicts of interest at www.cts-sct.ca/guidelines. Based
on the feedback from this process, a final document was devel-
oped and approved by the Assembly before being forwarded to
the CTS Executive for final approval. Given the availability of
many new treatment options for severe asthma and the evolv-
ing role for improved phenotyping of asthma, the CTS Asthma
Clinical Assembly has developed this position statement to pro-
vide guidance. This position paper will be updated in accor-
dance with the CTS Living Guideline Model www.cts-sct.ca/
guidelines.

Formulation of key clinical questions

The CTS Asthma Clinical Assembly developed key clinical
questions using the Problem/population Intervention/prognos-
tic factor/exposure, Comparison, Outcome (PICO) format,

which were then reviewed, revised and agreed upon by the
Assembly. The Assembly agreed on prioritizing the different
outcomes of the studies reviewed; the Assembly also agreed
that asthma exacerbations would serve as the most relevant pri-
mary outcome in the field of severe asthma for all PICO ques-
tions. Other key secondary outcomes examined included:
decreasing (or stopping) chronic oral corticosteroid use, symp-
toms, asthma control, quality of life and lung function
parameters.

Summary of evidence and key messages

Section 1: Identification of severe asthma

What is the difference between uncontrolled asthma and severe
asthma?

Definitions
Various definitions for severe asthma have been proposed, with
most clinicians adopting the consensus definition developed by
the European Respiratory Society (ERS)/American Thoracic
Society (ATS) Task Force on Severe Asthma.9 In the present
document, we have adapted this definition to provide greater
clarity around the inhaled corticosteroid (ICS) dose, in the con-
text of current CTS Asthma guidelines.

Sections Questions

Uncontrolled asthma versus
severe asthma

What is the difference between
uncontrolled asthma and severe
asthma?

Biomarkers to predict response
to biologic therapies and
macrolides

PICO 1: In children and adults with
severe asthma, does the
measurement of:

a) Sputum differential cell count
b) Fraction of exhaled nitric oxide

(FeNO)
c) Blood eosinophils
d) Serum total IgE

predict response to biologic
therapies or macrolides?

Long acting muscarinic
antagonists (LAMA) in
severe asthma: tiotropium
bromide inhalation therapy

PICO 2: What is the efficacy and safety of
adding inhaled tiotropium bromide
in children and adults with severe
asthma uncontrolled despite
receiving maintenance therapy with
ICSC/¡ a second controller therapy?

Macrolides PICO 3: What is the efficacy and safety of
adding macrolides in children and
adults with severe asthma
uncontrolled or requiring high-dose
ICS§ second controller therapy?

Biologic therapy: Anti-IgE
Omalizumab

PICO 4: What is the efficacy and safety of
adding omalizumab in children and
adults with severe asthma
uncontrolled or requiring high-dose
ICS§ second controller therapy?

Biologic therapies: Anti-IL5
Mepolizumab, Reslizumab,
and Benralizumab

PICO 5: What is the efficacy and safety of
adding anti-IL5 therapies in adults
with severe eosinophilic asthma
uncontrolled on treatment
comprising high doses of ICS §
second controller therapy?

Bronchial Thermoplasty PICO 6: What is the safety and efficacy of
bronchial thermoplasty in adults with
severe asthma?
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Severe asthma
Asthma which requires treatment with high-dose ICS as

outlined in Table 1 (adults and children) and a second con-
troller for the previous year, or systemic corticosteroids for
50% of the previous year to prevent it from becoming
“uncontrolled”, or which remains “uncontrolled” despite
this therapy is defined as severe asthma.

Uncontrolled asthma is defined as at least one of the
following:

1) Poor symptom control: as per Canadian Thoracic
Society asthma control criteria� or other standardized
questionnaires: Asthma Control Questionnaire (ACQ)
consistently > 1.5, Asthma Controlled Test (ACT)
<20, or child Asthma Controlled Test (cACT) < 20.

2) Frequent severe exacerbations: two or more courses
of systemic corticosteroids (�3 days each) in the
previous year.

3) Serious exacerbations: at least one hospitalization,
intensive care unit (ICU) stay or mechanical ventila-
tion in the previous year.

4) Airflow limitation: after appropriate bronchodilator
withhold forced expiratory volume in one second
(FEV1) <80% of personal best (or < the lower limit
of normal (LLN), in the face of reduced FEV1/forced
vital capacity (FVC) defined as less than the LLN).

�Not meeting the criteria described in Table 2.5

An important consideration before labeling an individual as
having severe asthma is a careful review of each individual’s pre-
sentation. A diagnosis of asthma using objective measures, the
assessment of domestic and work environment along with the ver-
ification of adherence to medication and co-morbidities is key.5

While the importance of basing an asthma diagnosis on objec-
tive measures must be advised, this can often be challenging in
individuals with truly severe asthma for several reasons. Adults
with long-standing asthma may have limited or no reversibility
due to airway remodeling, and/or may be unable to withhold
bronchodilator medications to perform methacholine or exercise
challenge tests. Over time, variation in airflow rates during

exacerbations may be noted that meet diagnostic criteria. In the
absence of such evidence, a thorough search for previous pulmo-
nary function tests should always be undertaken, as well as a com-
prehensive evaluation for alternative diagnoses before making a
clinical diagnosis of severe asthma.

There are reports that up to one third of individuals pre-
sumed to have a diagnosis of asthma are eventually recognized
as having alternative diagnoses.10 An alternate diagnosis should
be considered particularly in the presence of well-preserved
lung function and a lack of response to asthma therapy.

Non-adherence to prescribed medication is a major challenge
to achieving asthma control and improved adherence has been
shown to decrease severe exacerbations.11 Careful review of an
individual’s pharmacy records to identify a low rate of prescrip-
tion refills is particularly informative as patients overestimate
their adherence.12 A further major concern is the incorrect use
of inhalers, which was recently shown in a systematic review to
be as problematic now as it was twenty-five years ago.13 Co-mor-
bidities, that can both mimic asthma symptoms and worsen
actual asthma, are highly prevalent and these include untreated
upper airway disease such as rhino-sinusitis, vocal cord dysfunc-
tion (VCD), gastro esophageal reflux disease (GERD), and psy-
chiatric disease including anxiety and depression. Careful
consideration of these issues at a specialized clinic for individu-
als with uncontrolled asthma has shown improved outcomes.14

When evaluating individuals with suspected uncontrolled
severe asthma, one should review frequent causes of uncontrolled
asthma outlined in Figure 1, to distinguish uncontrolled asthma
due to sub-optimal management from persistent uncontrolled
asthma despite optimal management (i.e. even with the identifica-
tion and correction of common causes for poor asthma control).
This is of particular importance to those practitioners managing
asthma exacerbations (e.g. emergency and primary care practi-
tioners). The suspicion of severe asthma and the recognition of
an individual with severe asthma, should prompt referrals for spe-
cialized evaluation and asthma education.15 An operational defi-
nition of ‘asthma specialist’ would include specialists in asthma,
general respirology, pediatrics, and/or allergy/immunology who
have access to lung function, certified asthma/respiratory educa-
tors/nurse practitioners and FeNOC/¡ induced sputum analysis.

More specialized investigations outlined in Figure 1 should be
considered selectively when a specific co-morbidity is suspected.

Table 1. Comparative inhaled corticosteroids (ICS) dosing categories in children, adolescents and adults.

Daily ICS dose, mcg

Pediatric (6 to 11 years of age) Adolescents and Adults (12 years of age and over)

Corticosteroid Trade name Low Medium High Low Medium High

Beclomethasone
dipropionate HFA

QVARy �200 201–400a >400a �250 251–500 >500

Budesonide* Pulmicort Turbuhalerz �400 401–800 >800 �400 401–800 >800
Ciclesonide* Alvescoz �200 201–400a >400a �200 201–400 >400
Fluticasone propionate Flovent MDI and spacer;

Flovent Diskus{
�200 201–400 >400a �250 251–500 >500

Fluticasone furoate Arnuity Ellipta{ n.a n.a n.a 100 200
Mometasone furoate Asmanex Twisthaler** 100 �200-<400 �400 100–200 >200–400 >400

Dosing categories are approximate, based on a combination of approximate dose equivalency as well as safety and efficacy data rather than available product formula-
tions. �Licensed for once daily dosing in Canada ( aDaily doses of beclomethasone dipropionate HFA>200 mcg/day, ciclesonide>200 mcg/day and fluticasone
>400 mcg/day are not approved for use in children in Canada [shaded]); yValeant Canada Ltd; zAstraZeneca Inc. Canada; {GlaxoSmithKline Inc. Canada; ��Merck & Co
Inc. USA. Table adapted from Lougheed et al.5
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In particular, co-morbidities should be considered during the
preliminary assessment if there is a lack of response to ICS com-
bined with at least one other controller, despite the assessment
and usual management of most frequent reasons for poor control
i.e. inhaler technique and adherence. Completion of specialized
investigations will depend upon local resources and the suspected
co-morbidity, and in the absence of such expertise, it may justify
consideration for referral to a specialized center. Sinus disease is
common among individuals with severe asthma. In the absence
of a response to saline irrigation with or without topical cortico-
steroids and/or anti–histamines, a computerized tomography
(CT) scan of the sinuses and a referral to a dedicated Ear, Nose
and Throat physician should be considered. GERD occurs in
nearly 80% of all individuals with asthma16 but despite this high
prevalence, empiric treatment of all asthma patients with a pro-
ton pump inhibitor has not proven to be effective in decreasing
asthma exacerbations.16 If nocturnal cough remains a predomi-
nant asthma symptom despite the absence of overt reflux, a
24 hour esophageal pH monitoring may identify previously
unrecognized GERD. Upper gastrointestinal endoscopy should
be considered in individuals with eosinophilia and suspected of
having eosinophilic esophagitis. One may consider high resolu-
tion CT scan of the chest to exclude alternative diagnosis mim-
icking or complicating severe asthma, such as bronchiectasis.

Eosinophilic granulomatosis with polyangiitis and allergic
bronchopulmonary aspergillosis occur in a minority of individu-
als with severe asthma, but recognition of these syndromes is
important as theymay dictate additional treatment requirements,
such as oral corticosteroids (OCS) and anti-fungal treatment.

The performance of a bronchoscopy maybe helpful when an
upper airway disease or an atypical infection is suspected. For
example, a recent Canadian study assessing the over diagnosis of
asthma in Canada10 identified two individuals, among 900 sub-
jects, with previously unrecognized sub-glottic stenosis. Similarly,
assessment of the vocal cords may suggest a diagnosis of VCD. If
such assessments have been completed, possible therapeutic
modifications made, and the asthma remains uncontrolled, it is
reasonable to consider the individual to have severe asthma.

Corticosteroid-dependent asthma
Approximately 30% of adults with severe asthma are considered
corticosteroid-dependent, meaning that chronic OCS are
required in addition to ICS and other controllers to achieve and
maintain control.17,18 Regular use of OCS is associated with

significant adverse events.19 There appears to be a dose-response
relationship between the maintenance OCS dose and its associ-
ated side effect profile.20 The use of OCS therapy chronically is
not only associated with a significant increase in adverse events
but is also associated with an increased economic burden.21 In
addition, there are individuals who elect not to use maintenance
controller therapy but would rather use frequent courses of OCS
to treat exacerbations. This group requires education with
regard to the efficacy of maintenance controller therapy in
reducing the risk of asthma exacerbations and improving
asthma control. Individuals who are truly corticosteroid-depen-
dent based on current best available evidence, may be candidates
for mepolizumab and benralizumab (when approved) because of
their documented steroid sparing effect. Of note, ICS may cause
some of the same systemic side effects as oral corticosteroids,
particularly adrenal suppression in susceptible individuals with
asthma.22 Limited studies suggest that the risk of systemic side
effects increases dramatically when high-dose ICS are used and
that children and adolescents are particularly vulnerable to
effects on linear growth, bone mineral density and adrenal func-
tion.23 For this reason, the prescribing of long-term high-dose
ICS for children and adults should be limited to specialists.5

Conclusions
Severe asthma is uncommon occurring in approximately 5% of
all asthma patients. The diagnosis of asthma needs to be ascer-
tained and confirmed by objective measures. Severe asthma has
to be distinguished from uncontrolled asthma. Uncontrolled
asthma is most commonly associated with non-adherence and
poor inhaler technique. While frequent comorbidities, such as
upper airways disease, gastro esophageal reflux, and psychologi-
cal illness need to be treated, other uncommon comorbidities
have to be explored when asthma remains uncontrolled. When
asthma control cannot be achieved despite an optimal asthma
management a comprehensive phenotyping for consideration of
novel therapies for severe asthma should be undertaken.

Box 1. Identification of severe asthma

What is the difference between uncontrolled asthma and
severe asthma?

Key messages:
1. Confirm the diagnosis of asthma with history and

objective measures of lung function in individuals old
enough to reliably perform pulmonary function tests
(i.e. usually 6 years of age and over).

2. Individuals with either suspected or confirmed
severe asthma should receive comprehensive self-
management asthma education and be evaluated by
an asthma specialist.

3. Domestic and occupational environment, co-morbid-
ities, adherence to treatment and inhaler technique
should be carefully assessed and treated before label-
ling an individual as having severe asthma.

4. Adherence to treatment and inhaler technique should
be carefully reviewed and addressed again before label-
ling an individual as having severe asthma and before
considering additional therapies for this condition.

Table 2. Asthma control criteria.5

Characteristic Frequency or Value

Daytime symptoms <4 days/week
Night-time symptoms <1 night/week
Physical activity Normal
Exacerbations Mild, infrequent
Absence from work or school due to asthma None
Need for a fast-acting b2-agonist <4 doses/week
FEV1 or PEF �90% personal best
PEF diurnal variationy <10–15%
Sputum eosinophils* <2–3%

FEV1 D forced expiratory volume in 1s; PEF D peak expiratory flow.
yDiurnal variation is calculated as the highest PEFminus the lowest divided by the high-
est PEF multiplied by 100 for morning and night (determined over a 2 week period).

�Consider in adults with uncontrolled moderate to severe asthma who are
assessed in specialist centers
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Pa�ent on high-dose ICS with adjunct therapy and 
at least one of the 4 following criteria Criteria

Poor symptom control 
•   as per Canadian Thoracic Society asthma control criteria* or 

other standardized ques onnaires (ACQ†  >1.5 or ACT‡ <20 or 
cACT¶ <20) 

Frequent severe exacerba�ons •  ≥2 courses  of systemic cor�costeroids  (≥3 days of prednisone or 
equivalent)

Serious •snoitabrecaxe   ≥1 hospitalisa�on in the past year  

Sustained airflow limita�on a�er appropriate bronchodilator withhold •  FEV1**<80% of personal best in the face of reduced FEV1/FVC††,
defined as <  the lower limit of normal

Confirm diagnosis of asthma if not previously confirmed.

Inves�ga�ons
•  Spirometry pre and post bronchodilator in the absence of current 

or historic reversibility
•  Methacholine challenge test in the absence of current or historic 

reversibility

Assess poten�al reasons of poor control, and correct if indicated Inves�ga�ons

Assess adherence •  Obtain drug dispensing record from pharmacy

Assess inhala�on technique •  Observe technique

Assess environmental, including occupa�onal, exposures
•  Skin prick test to common aeroallergens, including aspergillus
•  Consider specific inhala�on challenge with occupa�onal agents to 

diagnose occupa�onal asthma
Assess key poten�al co-morbidi�es or alterna�ve diagnoses, and if 

suspected, inves�gate/treat 

Rhinosinusi�s If  unresponsive to medical therapy: 
•  consider a CT scan of the sinuses.

Gastro-esophageal •.xulfer   24-hour esophageal pH/manometry monitoring
Vocal cord dysfunc�on (VCD) •  If indicated, referral to an ENT surgeon with an interest in VCD

Anxiety and •noisserped   Psychological and/or psychiatric assessment 
Consider less frequent co-morbidi�es or alterna�ve diagnosis 

•ycneicifedonummI   Immune work-up 
Cys�c •sisorbif   Sweat chloride ± gene�c tes�ng for Cys�c Fibrosis

Tracheobronchomalacia or other suspected airway abnormali�es •  Bronchoscopy
Non CF •sisatceihcnorb   Chest CT Scan

Vasculi�s •  Vasculi�s screen
Allergic pulmonary •sisolligrepsa   Aspergillus specific IgE, and if posi�ve, precipi�ns
Atypical mycobacteria •snoitcefni   Sputum culture for  atypical mycobacteria 

Re-assess current control and 
Confirm correc�on of reasons for poor control

Well controlled Poorly controlled

Ini�ate ICS tapering to 
medium ICS dose 

with/without adjunct 
therapy 

Controlled Not controlled

Not severe ereveSamhtsa  asthma

Characterize phenotype or 
refer to an asthma 

specialist for phenotyping 
and management

Figure 1. Approach to suspected uncontrolled severe asthma.
*Not meeting the following 8 criteria: daytime symptoms <4 days/week; nighttime symptoms <1 night/week; normal physical activity, mild, infrequent exacerbations;
no absence from work or school due to asthma; need for a fast-acting beta2-agonists <4 doses/week, forced expiratory volume in 1 second (FEV1) or peak expiratory
flow (PEF) �90% of personal best; and PEF diurnal variation <10–15%.1

y Asthma Control Questionnaire on a scale of 0 (totally controlled) to 6 (severely uncontrolled) for individuals aged �6 years (in children �10 years, it must be adminis-
tered by a trained interviewer).2,3

z Asthma Control Test on a scale of 0 (poor control of asthma) to 27 (complete control of asthma) for individuals aged 12 years and older.4,5

{ Child Asthma Control Test on a scale of 0 to 27 for children aged 4 to 11 years old.5,6
�� Forced expiratory volume in 1 second.
yy Forced vital capacity.
1Lougheed MD, Lemiere C, Ducharme FM, et al. Canadian Thoracic Society 2012 guideline update: diagnosis and management of asthma in preschoolers, children and
adults. Can Respir J 2012; 19(2): 127-64.
2Juniper, EF, O’byrne, PM , Guyatt, GH, Ferrie, PJ and King, DR. (1999), Development and validation of a questionnaire to measure asthma control. Eur Respir J, 14: 902–907.
doi:10.1034/j.1399-3003.1999.14d29.x
3Juniper EF, Svensson K, M€ork AC, Sta

�
hl E. Modification of the Asthma Quality of Life Questionnaire (standardised) in patients 12 years and older. Health and Quality of Life

Outcomes 2005, 3:58 ( 16Sep2005 )
4Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, Murray JJ, Pendergraft TB. Development of the asthma control test: a survey for assessing asthma control.
J Allergy Clin Immunol 2004;113:59-65.
5Koolen BB, Pijnenburg MW, Brackel HJ, Landstra AM, Van den Berg NJ, Merkus PJ, Hop WC, Vaessen-Verberne AA. Validation of a web-based version of the asthma con-
trol test and childhood asthma control test. Ped Pulmonol 2011;46:941-8.
6Liu AH, Zeiger R, Sorkness C, Mahr T, Ostrom N, Burgess S, Rosenzweig JC, Manjunath R. Development and cross-sectional validation of the Childhood Asthma Control
Test. J Allergy Clin Immunol 2007;119:817-25.
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Section 2: Biomarkers to predict response to biologic
therapies and macrolides

PICO 1: In children and adults with severe asthma, does the
measurement of:

a) sputum differential cell count
b) fraction of exhaled nitric oxide (FeNO)
c) blood eosinophils
d) blood total Immunoglobulin E (IgE)

predict response to biologic therapies or macrolides?

Phenotyping asthma
Severe asthma is increasingly recognized as a heterogeneous
disease with multiple phenotypes. A phenotype is defined as a
set of observable characteristics that result from interactions
between genes and the environment.9 Recognition of pheno-
types such as atopic asthma has allowed us to develop a greater
understanding of the underlying mechanisms of disease. Differ-
ent pathophysiologic pathways involved in these phenotypes
(labelled asthma endotypes), which are characterized by spe-
cific biomarkers and a differential response to more targeted
therapies are emerging. These new therapies are costly, involve
a more invasive method of drug delivery than oral administra-
tion (subcutaneous or intravenous injection) and have an
unknown long-term safety profile. Therefore, it is important to
identify objective biomarkers that will help identify individuals
who are likely to respond to these therapies. Recent or chronic
use of medications such as OCS that may affect biomarkers
should be taken in to consideration when phenotyping patients.
For example, if peripheral eosinophils are normal in an individ-
ual on chronic OCS, consideration should be given to tapering
the OCS and repeating the biomarker.

One well-studied mechanistic pathway in severe asthma is
the inflammation mediated by Type 2 cytokines. The litera-
ture typically refers to the Th2 pathway or Th2 high and low
groups in recognition of the Type 2 T helper cell which was
thought to be main producer of these cytokines. However it
is now recognized that other cell types, such as Type 2 innate
lymphoid cells also produce these Type 2 cytokines. Charac-
terization of individuals into Th2-high and Th2-low groups
by the differential gene expression of molecules induced by
Th2 cytokines (periostin, chloride channel regulator 1, serpin
peptidase inhibitor clade B, member 2) have shown that
these individuals differ in their clinical characteristics, reticu-
lar basement thickness, and response to inhaled corticoste-
roids.24 Molecules including IgE and various cytokines
(Interleukin (IL) IL-4, IL-5, IL-13) involved in this pathway
have become the targets for newly developed asthma medica-
tions. Biomarkers that have been used to identify individuals
with Th2-mediated airway inflammation include blood and
sputum eosinophil counts, FeNO, total serum IgE, and blood
periostin. However, periostin is not available in clinical
practice. In contrast, less is known about individuals with a
Th2-low profile and whether this is associated with Th1
mediated inflammation or a pauci-inflammatory phenotype.
Currently, clinically available biomarkers for Th1 inflamma-
tion are limited to sputum neutrophils.

The pivotal clinical trials for biomarkers are summarized in
Appendix 1.

Biomarkers associated with Th2 inflammation
a) Sputum differential cell count

Inflammatory cellular profiles have been assessed in individuals
with severe asthma using sputum differential cell counts.
Although there are no published national or international
guidelines on sputum induction, collection, and processing
procedures, multiple protocols have been published.25–27 Ade-
quate sputum samples have been obtained in up to 74% of
adults and 85% of children aged 7 years of age and over with
severe stable asthma in centers experienced with this test.27,28

Four sputum inflammatory profiles have been identified in
adults: eosinophilic (eosinophils > 1.01%), neutrophilic (neu-
trophils > 61%), mixed granulocytic (eosinophils > 1.01% and
neutrophils >61%) and pauci-granulocytic (eosinophils <

1.01% and neutrophils <61%)29 although a cut-off of >3% is
often used to define sputum eosinophilia.30 In children, the
same profiles have been identified, using slightly different cut-
offs than in adults: eosinophilic (eosinophils > 2.5%); and neu-
trophilic (neutrophils > 54%).28 Although there is no consen-
sus for defining sputum neutrophilic inflammation, the
identification of a sputum neutrophil count greater than 65%
or greater than 500 £ 104/ml on two occasions has been pro-
posed.31 In adults, sputum inflammatory profiles are relatively
stable over the short and long term,29,32 whereas more variation
is observed in children. Indeed, in a longitudinal study of chil-
dren with severe asthma, 63% of children displayed a different
sputum inflammatory profile over four visits, an observation
that was not explained by changes in medication.28

Sputum eosinophil counts have been explored as a potential
predictor of response to anti-IL5 therapies and macrolides.
Sputum eosinophil counts have also been used to select individ-
uals for trials of mepolizumab33,34 and reslizumab.35 These tri-
als reported clear benefits on exacerbations and quality of life
(QoL) in subjects with eosinophils >3%. However, the optimal
cut-off of sputum eosinophil counts predicting a response to
therapy has not been identified and as discussed below, blood
eosinophils are a more consistent predictor of response to anti-
IL5 medications.

In contrast, a recent trial36 of azithromycin showed a signifi-
cant decrease in the risk of severe asthma exacerbations in indi-
viduals, independent of their level of sputum eosinophil counts.

b) Fractional exhaled nitric oxide (FeNO)
Nitric oxide is generated by the airway epithelium due to

upregulation of inducible nitric oxide synthase which is
induced by IL-13. FeNO can be measured using portable devi-
ces. This non-invasive test can typically be performed in chil-
dren aged 6 years of age and over, generally the same ones who
can reproducibly perform spirometry. There are published
ATS/ERS standards for the performance and interpretation of
this test.37

FeNO has been explored as a potential predictor of
response to anti-IgE and anti-IL5. In a pre-specified post
hoc analysis of an omalizumab trial, individuals with a high
baseline FeNO (�19.5 parts per billion (ppb) experienced a
higher reduction (53%) in exacerbation rate than individuals
with a low baseline FeNO (9%).38 A RCT of omalizumab in
adolescents included total FeNO as one of eleven pre-speci-
fied subgroup analyses and did not find that outcomes dif-
fered according to the level of baseline FeNO.39 Only one
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trial of anti-IL5 therapy had a pre-specified analysis by
FeNO (� 50 ppb); high levels of FeNO did not identify res-
ponders to mepolizumab.40

c) Blood eosinophil counts
Complete cell count (or cell differential) from peripheral

blood is a routinely available test in any center. Absolute
eosinophil counts are reported as cells/mL, cells/mm3 or by
SI units as cells £ 109/L where 100/mL D 100/mm3 D 0.1
£ 109/L with normal values differing in children of various
ages and adults.41 It should be noted that thresholds used
to define elevated eosinophils in asthma clinical trials (e.g.
300/mL) are within the normal range of laboratories and
would not be flagged as elevated. Blood eosinophil counts
have been explored as a potential predictor of response to
macrolides, anti-IgE, and anti-IL5.

Low serum eosinophils do not consistently identify res-
ponders to macrolides. One trial concluded that subjects
with blood eosinophil counts �200/mL receiving azithromy-
cin experienced fewer severe exacerbations than subjects
with blood eosinophil count >200 /mL,36 while another trial
observed a similar number of exacerbations in azithromy-
cin-treated subjects independently of their levels of blood
eosinophil counts.42

Two post hoc analyses performed in two adult clinical trials
found that high blood eosinophils (�260 to 300/mL) identified
subjects with a greater response to omalizumab compared with
subjects with low blood eosinophil counts.38,43

Finally, blood eosinophil counts have been intensively stud-
ied as predictors of response to anti-IL5 therapies (mepolizu-
mab, benralizumab, reslizumab). High blood eosinophils
counts (�150, 300 or 400/mL, depending of the cut-offs chosen
in different studies) predicted a significant reduction of asthma
exacerbations in anti-IL5 treated subjects. A post hoc analysis
performed in subjects treated with mepolizumab reported a
greater reduction of asthma exacerbations in subjects with
blood eosinophils �500 / mL compared to those with lower
blood eosinophils levels.40,44,45 Similarly, reslizumab has also
been shown to lead to substantial improvements in those with
eosinophils �400–500 cells/ mL;46,47 however, trials that have
included only those with blood eosinophils �400/ mL have not
shown that further stratification of blood eosinophils beyond
this cut off predicted greater improvements in FEV1,

48 or in the
rate of exacerbations.35,48 One trial assessed the effect of a single
dose of benralizumab after an emergency department (ED) visit
for an exacerbation and found a decreased exacerbation rate in
all individuals, regardless of their baseline serum eosinophil
count.49 Subsequently, three trials that stratified randomization
based on the levels of blood eosinophil counts50–52 found
that the most significant improvements in exacerbation rate,
FEV1, ACQ, and ability to wean the OCS dose were in individu-
als with serum eosinophils �300 cells/ mL. Finally, a post hoc
sub-analysis of the benralizumab trials SIROCCO53 and CAL-
IMA52 trials re-analyzed the results stratifying individuals
by serum eosinophils and reported similar results for those
with eosinophils � 150 cells/ mL. In summary, most anti-IL5
trials demonstrate greater benefits in those with serum
eosinophilia, although the best cut off has not been firmly
established.

d) Serum total IgE

IgE has been shown to play a central role in the inflamma-
tory cascade of allergic asthma. Cross linking of IgE bound to
high affinity IgE receptors on basophils and mast cells causes
the release of inflammatory mediators such as histamine and
eicosanoids which cause contraction of airway smooth muscle
and mucus secretion.54 Recently, cross-linking of IgE has been
shown to decrease interferon response to rhinovirus which
provides a novel pathophysiologic mechanism for more
severe viral-induced asthma exacerbations in atopic children.39

IgE is reported in IU/ml, ng/ml or mcg/L (1 IU/ml D 2.4 ng/ml
D 2.4 mcg/L).

The use of IgE levels to predict the effect of omalizumab has
been assessed in a pooled post hoc analysis of seven RCTs.55

Based on the INNOVATE trial,56 the only consistent predictor
of response was serum IgE level ; those with a baseline value in
the lowest quartile (�75 IU/mL) had consistently a smaller
treatment benefit compared to those with IgE in the three
higher quartiles (76–147 IU/mL, 148–273 IU/mL, �274 IU/
mL). Although a subgroup analysis of the pooled data from
seven clinical trials (including INNOVATE56) observed a
decrease in severe exacerbation rates and improvement in
physician’s overall assessment across all IgE ranges, significant
improvements in the Asthma Quality of Life Questionnaire
(AQLQ), asthma exacerbations, and ED visits were only seen in
individuals with an IgE level greater than 76 IU/ml.

As for anti-IL5, a pre-specified subgroup analysis of the
DREAM study40 did not find that stratification by baseline
serum IgE level predicted a decrease in the rate of severe
exacerbation with mepolizumab.

Blood periostin. Periostin is a protein that acts as an extra-
cellular and matricellular matrix protein and its production
is induced by IL-13 and IL-4 which are both cytokines that
figure prominently in Th2 inflammation.57 Immunohisto-
chemical studies have identified periostin deposition on the
basement membrane of individuals with asthma, suggesting
that it contributes to sub-epithelial fibrosis in asthma.57

Periostin does not appear to be as a useful biomarker in
childhood asthma because periostin levels are high normally
in growing children such that differences between healthy
children and those with asthma is comparatively small or
not significant.58 Although it might be a useful biomarker
of response to drugs that might be commercialized in the
future, there is currently no clinically available commercial
assay for periostin.

Biomarkers associated with Th1 inflammation
Although a neutrophilic inflammatory pattern has been well
described in the sputum of some individuals with severe
asthma,17,29 the Th1 pathway has been less studied in these
individuals. Clinically accessible biomarkers other than sputum
neutrophils are currently lacking to identify individuals with
this type of inflammation.

Only one small RCT of clarithromycin has stratified individ-
uals by neutrophilic airway inflammation. A pre-planned anal-
ysis of those with non-eosinophilic asthma (either neutrophilic:
neutrophils >61% or pauci-granulocytic: sputum neutrophils
<61% and sputum eosinophils <1.01%) observed that the
treatment group had an improved QoL regardless of baseline
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airway neutrophilia, yet only those with non-eosinophilic
asthma showed a decrease in airway IL-8, neutrophil elastase
and neutrophil numbers.59

Conclusion
With the emergence of a better understanding of the asthma
pathophysiology, a number of biomarkers have emerged with
the potential to predict response to therapies. This is especially
the case with the emergence of anti-IL therapies where periph-
eral, as well as, sputum eosinophil assessments can be used to
identify subjects who are likely to respond. Similarly in atopic
asthma, serum IgE levels can be used to predict candidates for
omalizumab. As newer therapies emerge other biomarkers pre-
dictive of responsiveness to therapies should become available.

Box 2. Biomarkers to predict response to biologic thera-
pies and macrolides

PICO 1: In children and adults with severe asthma, does the
measurement of:

a) sputum differential cell count
b) fraction of exhaled nitric oxide (FeNO)
c) blood eosinophils
d) blood total Immunoglobulin E (IgE)

predict response to biologic therapies or macrolides?

Key messages:
1. Individuals with confirmed severe asthma should

undergo specific testing such as total IgE, and periph-
eral eosinophil count and where available sputum
eosinophils and FeNO to characterize phenotype.

2. Sputum eosinophils, although availability is limited,
may be useful in identifying responders to anti-IL5
therapies but has not been shown to be helpful in
identifying responders to macrolides.

3. There is inconclusive evidence for the use of FeNO to
predict response or responders to omalizumab or
anti-IL5 therapies.

4. Blood eosinophil counts have a reasonable ability to
identify those who will experience fewer exacerba-
tions with anti-IL-5 therapies and omalizumab.

5. Serum IgE does not predict response to anti-IL5 ther-
apies. Within the approved range for omalizumab,
there is no association between higher IgE level and a
greater magnitude of benefit.

Section 3: Long acting muscarinic antagonists (LAMA) in
severe asthma: Tiotropium bromide inhalation therapy

PICO 2: What is the efficacy and safety of adding inhaled tio-
tropium bromide in children and adults with severe asthma
uncontrolled despite receiving maintenance therapy with ICS
§ a second controller therapy?

Introduction
Tiotropium bromide belongs to a class of medications called
long-acting muscarinic antagonists (LAMA). LAMA achieve
bronchodilation by a mechanism that is distinct from the
direct smooth muscle relaxation that occurs with long-acting

beta agonist (LABA) therapy. LAMA prevent acetylcholine-
mediated bronchoconstriction by competitively antagonizing
M3-receptors in the airways, and thereby permitting broncho-
dilation. The prolonged half-lives of LAMA mean that these
agents only need to be administered once or twice daily.
LAMAs have emerged initially as a therapy for chronic obstruc-
tive lung disease (COPD), with comparable efficacy to LABA.60

Some children and adults with asthma will remain uncontrolled
despite the use of ICS C/¡ LABA or other add-on therapy.
Hence, in recent years many clinical trials have been conducted
to determine the role of tiotropium in the management of mod-
erate to severe persistent asthma. Potential side effects specific
to LAMAs include dry mouth, mydriasis, urinary retention and
metallic taste.

Various formulations of tiotropium bromide have been
available for the treatment of COPD for several years. In 2015,
tiotropium soft mist inhaler (Respimat�) was approved by
Health Canada for the add-on long term once daily mainte-
nance therapy of adult patients (18 years plus) with asthma
who remain symptomatic on a combination of high dose ICS/
LABA and who experience one or more severe exacerbations in
the previous year. In 2017, the United States food and drug
administration (FDA) has extended the indication of tio-
tropium Respimat� to adults and children with asthma aged
6 years and over who have poorly controlled asthma despite
other maintenance therapy. Tiotropium Respimat� is currently
approved for asthma only in 5 mcg dosing once daily (2.5 mcg
per inhalation £ 2), therefore, in Canada, individuals eligible
for this therapy will need to take it in addition to their usual
controller inhaler therapy device (ICS/LABA combination).

The pivotal clinical trials for tiotropium bromide are sum-
marized in Appendix 1.

Efficacy in adults (18 years of age and over)
Two separate meta-analyses each including over 1,000 individ-
uals with predominantly severe asthma have evaluated the
addition of tiotropium to LABA/ICS combination therapy (i.e.
triple therapy with ICS/LABA/LAMA).61,62 Both meta-analyses
show significant improvements in lung function. Although one
of these meta-analyses61 showed a reduction in exacerbations
with tiotropium bromide compared to placebo (OR 0.76, 95%
CI 0.57 to 1.02) as add-on therapy to ICS/LABA, these results
need to be interpreted cautiously considering the width of the
confidence intervals.

We were unable to find any published studies comparing the
use of tiotropium bromide to biologic therapy as add-on ther-
apy to individuals with severe asthma who remain uncontrolled
on high dose ICS C/¡ a second controller therapy.

Efficacy in adolescent and pediatric individuals
A published meta-analysis of three clinical trials including
1,001 adolescents with asthma aged 12–17 years63 presents
results similar to those observed in adult studies;62 the tio-
tropium treatment group displayed modest improvements in
lung function (though FEV1 increased by 100 mL compared to
placebo; p < .0001) and exacerbation frequency (17.6% vs
23.8% in the placebo group; numbers needed to treat (NNT) D
16; p D 0.04). The trials included only individuals with
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moderate to severe asthma who remained symptomatic despite
at least medium dose ICS C/¡ LABA.

The results of two clinical trials in children aged 6–11 years
have been published and documented the safety and efficacy of
tiotropium in improving lung function, but with no clear
reduction in exacerbations.64,65 An additional study in new
onset asthma66 did not meet our inclusion criteria. The limited
number of published pediatric data preclude making any firm
recommendations for children aged 6–11 years. Of note, the
recent Food and Drugs Administration (FDA) indication for
children aged 6 years and over is based on RCT data from addi-
tional trials that are currently unpublished in full text, and
hence not included in this review.

Safety
A systematic review and meta-analysis designed to specifically
address the safety of tiotropium in adults did not show a differ-
ence in adverse events, serious adverse events or even the side
effects specific to adverse events (e.g. dry mouth) compared to
placebo (further details in Appendix 1).67 Multiple other sys-
tematic reviews with meta-analyses in adults and adolescents
which focused on specific treatment comparisons in mild, mod-
erate and severe asthma patients also demonstrate the same
safety outcomes.61–63,68–71 Published safety data in children is
limited to date, but appears similar to adult and adolescent
data.64–66 No deaths related to treatment were reported.

Conclusions
Tiotropium bromide soft mist inhalation therapy is safe and
effective in improving lung function and reducing severe
asthma exacerbations in adults and adolescents with uncon-
trolled asthma despite ICS and LABA. In considering its posi-
tion in asthma guideline add-on therapy, its efficacy must be
balanced with pragmatic issues such as:

1) availability only as a single drug inhaler compared to
LABA therapy which is combined with ICS in the same
inhaler; and

2) relatively modest cost and convenience (ease of adminis-
tration) compared to biologic therapy.

Box 3. Long acting muscarinic antagonists (LAMA) in
severe asthma: Tiotropium bromide inhalation therapy

PICO 2: What is the efficacy and safety of adding inhaled
tiotropium bromide in children and adults with severe
asthma uncontrolled despite receiving maintenance therapy
with ICS C/- a second controller therapy?

Key messages:
1. Tiotropium bromide 5 mcg (2 inhalations of 2.5 mcg)

once daily by soft mist inhaler may be considered as
an add-on therapy for individuals 12 years of age and
over with severe asthma, who remain uncontrolled
despite combination ICS/LABA therapy. Of note, tio-
tropium bromide is not currently approved by Health
Canada for individuals aged 6-17 years.

2. Tiotropium bromide 5 mcg (2 inhalations of 2.5 mcg)
once daily appears to be safe and well tolerated.

Section 4: Macrolides

PICO 3: What is the efficacy and safety of adding macrolides in
children and adults with severe asthma uncontrolled or requir-
ing high-dose ICS C/¡ second controller therapy?

Introduction
Macrolides have both anti-microbial as well as anti-inflamma-
tory effects. They have been used chronically to treat neutro-
philic airway diseases such as cystic fibrosis and diffuse
respiratory panbronchiolitis. In individuals with asthma, mac-
rolides have been shown to decrease neutrophil numbers and
IL-8 and have been studied in individuals with both eosino-
philic and neutrophilic airway inflammation.42,59 Macrolides,
such as azithromycin and clarithromycin, are currently only
approved in Canada for their antimicrobial properties.

An updated Cochrane review on the use of macrolides in
children and adults with chronic asthma was published in
2015.72 It included 18 studies, although the overall quality of
evidence was deemed very low, related to concerns about publi-
cation bias, small sample sizes and variability of results. There
was no subgroup analysis by asthma severity and only five stud-
ies included individuals who would be classified as having
severe asthma.36,42,73–75 Since the publication of that review,
one additional RCT was published.36 This trial included 420
individuals, which is a larger sample size than in the trials
included in the above-mentioned Cochrane review.

The pivotal clinical trials for macrolides are summarized in
Appendix 1.

Efficacy in adults

Effect on exacerbations. The 2015 Cochrane review found that
macrolides were not associated with either a statistically signifi-
cant or clinically relevant reduction in exacerbations requiring
hospital admission although the imprecision of this estimate
could have been related to the rarity of the event with only 4
hospitalizations (n D 143) (odds ratio (OR) 0.98, 95% confi-
dence interval (CI) 0.13–7.23).72 There were also non-conclu-
sive results regarding exacerbations requiring ED visits or
systemic corticosteroids (n D 290) (OR 0.82, 95% CI 0.43–
1.57); although, the quality of evidence was recognized as
low.72 In contrast, the trial by Gibson and colleagues36 found a
significant decrease in the number of severe exacerbations in
the azithromycin vs placebo group (incidence rate ratio (IRR)
0.59, 95% CI 0.42–0.83).

Symptoms, asthma control, QoL. The 2015 Cochrane review
found a modest benefit in symptom scores (standardized mean
difference (SMD) ¡0.35, 95% CI ¡0.67 to ¡0.02) and no dif-
ference in asthma control (SMD ¡0.05, 95% CI ¡0.26 to 0.15,
n D 353) or QoL (mean difference (MD) 0.06, 95% CI ¡0.12 to
0.24, n D 389).72 Again, the quality of evidence was low.

A recently published trial found improved asthma control as
measured by the ACQ6 (difference between treatment com-
pared to placebo ¡0.2, 95% CI ¡0.34 to ¡0.05) and improved
QoL as measured by the AQLQ (difference between treatment
compared to placebo 0.36, 0.21 to 0.52, p D 0.001).36
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Lung function. The Cochrane review found a small improve-
ment in FEV1 with the use of macrolides (MD 0.08, 95% CI
0.02 to 0.14, n D 600) but with a low quality of evidence.72 The
trial by Gibson and colleagues36 also found a small difference
in FEV1 between the treatment group and placebo (adjusted
mean difference between treatment compared to placebo,
¡0.06, 95% CI ¡0.12 to ¡0.001).36

Reduction of oral corticosteroids. A small pediatric study73

reported that troleandomycin allowed for a greater reduction
in oral methylprednisolone compared to placebo. In contrast, a
larger adult study found that the use of troleandomycin did not
allow for a decrease in oral corticosteroid dose compared to
placebo, although both groups showed a decrease from baseline
corticosteroid dose.75 The relevance of this adult trial to current
clinical practice is limited as individuals in that trial were taken
off all inhaled corticosteroids.

Efficacy adolescent and pediatric individuals
Three clinical trials examined the use of macrolides recruited in
pediatric and adolescent individuals,73,74,76 of which two
included individuals with severe asthma.73,74 One trial (of indi-
viduals 6–17 years of age) included individuals requiring main-
tenance oral corticosteroids and found that troleandomycin
allowed for a greater decrease in the oral corticosteroid dose.73

The MARS trial74 recruited individuals 6–17 years of age with
uncontrolled asthma despite moderate to high doses of inhaled
corticosteroids and LABA; they randomized them to azithro-
mycin daily (250 mg if 25–40 kg, 500 mg if >40 kg), montelu-
kast or placebo. This trial was terminated prior to completion
because of slow randomization; however, a preliminary analysis
found that there was no difference in the time to loss of asthma
control in the three groups.

Safety
The Cochrane review did not find a statistically significant dif-
ference in adverse effects between those receiving macrolides or
placebo (OR 0.8, 95% CI 0.24 to 2.68, n D 434).72 One study
reported that there was an increase in streptococci resistant to
erythromycin in the azithromycin group compared to placebo
(17.2% to 73.8% in azithromycin group vs. 7.9% to 17.3% in
the placebo group (p < 0.001).42 Another trial did not find a
difference in the number of azithromycin resistant organisms
detected at the end of treatment (12 vs 7 in azithromycin vs pla-
cebo, p D 0.27).36 That trial noted an increased incidence of
diarrhea in the azithromycin compared to placebo group (34%
vs 19% in azithromycin vs placebo, p D 0.001).36

Although not assessed in the systematic review, macrolides
are known to prolong QT intervals which can lead to ventricu-
lar arrhythmias. Most clinical trials of macrolides in asthma
exclude individuals with a prolonged QT at baseline. Macro-
lides should be thus used with caution or avoided in individuals
with QT prolongation, hypokalemia, hypomagnesemia, brady-
cardia or use of other QT prolonging drugs. Post-marketing
surveillance has highlighted an increased risk of cardiovascular
death with the use of macrolides.77 One year treatment with
macrolides was associated with impaired hearing tests in 25%
of COPD subjects compared to 20% in COPD subjects treated
with placebo,78 although this was not seen in a six month trial

of macrolides in individuals with asthma (AZIZAST) and indi-
viduals with reported impaired hearing were excluded from a
recent large clinical trial (AMAZES). Another concern with the
use of chronic macrolides is causing macrolide resistance in
individuals with nontuberculous mycobacteria infections,
which is most often Mycobacterium avium intracellulare.79

Thus prior to starting macrolide therapy, it may be prudent to
send sputa samples for acid-fast bacillus smears and mycobac-
terial culture.

Predicting response to therapy
This topic has been discussed in Section 2: “Biomarkers pre-
dicting response to biologics and macrolides”.

Conclusions
Chronic use of macrolides in adults with severe asthma may
decrease exacerbations and improve symptom control.
Although generally well tolerated, the potential for increasing
antibiotic resistant organisms, risk of QTc prolongation, and
hearing loss should be considered. The data for pediatric and
adolescent patients are inconclusive.

Box 4. Macrolides

PICO 3: What is the efficacy and safety of adding macro-
lides in children and adults with severe asthma uncontrolled
or requiring high-dose ICS C/- second controller therapy?

Key messages:
1. In individuals 18 years of age and over with severe

asthma, there is limited evidence that the chronic use
of macrolides may decrease the frequency of
exacerbations.

2. Inflammatory phenotype does not consistently pre-
dict response to macrolide treatment.

3. Macrolides are generally well tolerated. However,
they should be avoided in individuals with a pro-
longed QTc interval. Increased incidence of bacterial
resistance and impaired hearing tests have been
observed in long-term treatment with macrolides.

Section 5: Biologic therapy: Anti-IgE Omalizumab

PICO 4: What is the efficacy and safety of adding omalizumab
in children and adults with severe asthma uncontrolled or
requiring high-dose ICS C/¡ second controller therapy?

Introduction
Immunoglobulin E (IgE) plays an important role in the patho-
genesis of allergic asthma. Omalizumab is a recombinant
humanized monoclonal antibody that binds with high affinity
to IgE.80

The molecule obtained regulatory approval with a monthly or
bi-monthly subcutaneous administration. Omalizumab is indi-
cated for adult and pediatric patients (6 years of age and older)
with moderate to severe persistent asthma who have a positive
skin test or in vitro reactivity to a perennial aeroallergen and
whose symptoms are inadequately controlled with inhaled
corticosteroids.81
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Omalizumab is given by subcutaneous injection every 2–4
weeks depending on baseline IgE levels and body weight.

The pivotal clinical trials for omalizumab are summarized in
Appendix 1.

Efficacy in adults

Effect on exacerbations. A 2014 Cochrane review pooling 25
studies, examined the efficacy of anti-IgE treatment as an
adjunct to ICS therapy in children aged 6 and over and adults
with moderate to severe allergic asthma.82 Among individuals
with moderate to severe asthma, there was a significant reduc-
tion in asthma exacerbations in the omalizumab group com-
pared to controls with an OR of 0.55 (95% CI 0.42–0.60). There
was also a significant reduction in severe exacerbations leading
to hospitalization but the sample size was much smaller (OR
0.16, 95% CI 0.06–0.42).

Among the studies focusing on severe asthma (Global Initia-
tive for Asthma (GINA) or National Heart, Lung and Blood
Institute (NHLBI) stage 4 or higher), the results were also in
favor of omalizumab, although the number of individuals was
smaller than the studies including individuals with moderate
asthma. Two studies did not show a significant reduction in
exacerbations (or need for oral corticosteroids),83,84 whereas
most studies reported a significant reduction in exacerbations
amongst individuals with severe poorly controlled atopic
asthma.85–88 In the INNOVATE study,56 exacerbations were
reduced by 26% (p D 0.042) and severe exacerbations were
reduced by 50% in the omalizumab group compared to pla-
cebo, with a number needed to treat of 2.2.

Symptoms and asthma control. Omalizumab led to a signifi-
cant improvement in asthma symptom scores in individuals
with severe asthma in two studies, including in both the corti-
costeroid stable and corticosteroid reduction phases.83,87 This
benefit was also seen in many of the studies that included indi-
viduals with moderate to severe asthma.56,86,89–92

Asthma related QoL improved significantly with omalizu-
mab compared to placebo in the majority of studies enrolling
individuals with moderate to severe asthma.56,83,87,91–93

Lung function. Lung function results have been quite variable
with at most small improvements in peak expiratory flow
(PEF) and FEV1.

82 In severe asthma, several studies showed
no significant improvement in FEV1 (2), whereas others
showed small but significant improvements in lung func-
tion.56,86 In the moderate to severe asthma group, several
studies showed an improvement in FEV1 or PEF compared to
either baseline or placebo in favor of omalizumab90,94 whereas
others did not.95,96

Medication use. In the 2014 Cochrane review, individuals
treated with omalizumab had a small but significant reduction
in use of rescue short acting beta-agonists, both in the moderate
to severe [MD ¡0.58 (95% CI ¡0.84 to ¡0.31)] and in the
severe asthma groups on ICS, but not among those on oral cor-
ticosteroids (MD ¡0.30, 95% CI ¡0.49 to ¡0.10).82

More individuals treated with omalizumab were able to
withdraw their ICS completely, with an OR of 2.50 (95% CI

2.0–3.13) compared to placebo and there was a significant
reduction in daily ICS dose in favor of omalizumab (weight
mean difference ¡118 mcg beclomethasone dipropionate
equivalents per day, 95% CI ¡154 to ¡84). However, there was
no significant difference in the number of individuals that were
able to come off of oral corticosteroids.82,83,85,86 A pooled analy-
sis of several RCTs showed that there was a significant median
reduction in ICS dose with omalizumab compared to placebo;
in addition, individuals treated with omalizumab required
fewer oral corticosteroid bursts.97

Efficacy in adolescent and pediatric individuals
Omalizumab is currently the only biologic approved for pediat-
ric use in Canada. The summary below includes data from four
trials of children with mild to severe asthma.39,85,95,96

A total of 645 children with severe asthma (National Heart,
Lung, and Blood Institute (NHLBI) step 5 or equivalent) were
included in the three additional RCTs39,89,95 involving children
6 to 20 years of age with predominantly moderate to severe
asthma. A further publication was a subgroup analysis of indi-
viduals with severe asthma from a previous clinical trial.98 Sub-
cutaneous omalizumab decreased exacerbation rates by 50%
(0.73 with omalizumab, 1.44 with placebo, (risk ratio (RR)
0.504; 95% CI 0.35–0.725, p < 0.001),98 decreased the percent-
age of individuals with at least one exacerbation (32.6% com-
pared to 15.1%, OR 0.37, 95% CI 0.17–0.81)39 (48.8%
compared to 30.3%, ¡18.5 difference (¡28.2 to –8.8) p <

0.001),95 and decreased hospitalizations (6.3 § 1.8 versus 1.5 §
0.9, difference ¡4.7 (95% CI ¡8.6 to ¡0.9, p 0.02).95 There
were less consistent effects on asthma control89,99 and on the
ability to decrease ICS doses.89,95 No study showed an improve-
ment in lung function89,95 or QoL.89

Omalizumab was associated with a significant reduction in
the rate of seasonal exacerbations, occurring in the fall, in chil-
dren aged 6–17 years when compared to controls (OR 0.48,
95% CI 0.25–0.92), but there was no significant difference
when compared to doubling the dose of ICS.39

Efficacy in special populations

Non-atopic severe asthma. In a small randomized placebo
controlled study of 41 adults with severe, refractory non-atopic
asthma, omalizumab led to a significant improvement in lung
function (FEV1 C 250 mL, p D 0.032) and a non-significant
reduction in asthma exacerbations.100 A second observational
registry study from Spain followed 295 individuals, of who 29
had non-allergic severe asthma (Global Initiative for Asthma
(GINA) step 5 treatment) and were on omalizumab. There was
an improvement in symptoms, as measured by an increase in
the ACT score, and a non-significant decrease in severe exacer-
bations.101 Thus the data is limited at this time to recommend
omalizumab in this group.

Individuals with IgE above the approved range in Canada.
There have been no RCTs with clinical endpoints in individuals
with IgE levels above the standard dosing range. A case series of
26 individuals with IgE levels above the approved range (IgE
786–10,979 IU/ml) treated with omalizumab (dose 400–
1200 mg /month) showed significant decreases in systemic
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corticosteroid use, ED visits and ACT score, that were similar
to the decreases observed in age, sex and severity matched indi-
viduals with IgE in the approved dosing range (30–700 Iu/
mL).102 An open label, parallel group trial assessing the phar-
macokinetics and safety of omalizumab in adults with mild to
moderate asthma and IgE levels ranging from 300 IU-2,000 IU/
ml and body weight up to 150 kg was conducted using omalizu-
mab doses ranging from 450–600 mg q2 weeks.103 This study
showed a decrease in free IgE levels similar to what was
observed in trials with clinical improvement and led to the
approval of an increased dose range in Europe.

Safety
In general, omalizumab is well tolerated. The 2014 Cochrane
review showed that adverse events were less frequent in the
omalizumab group (OR 0.72, 95% CI 0.57–0.91) compared to
placebo.104 Most adverse events were minor injection site reac-
tions. There was no difference in asthma related mortality
between omalizumab and placebo in asthma. An incidence of
at least 0.2% of anaphylaxis is reported in the product mono-
graph based upon spontaneous reports. However, the Omalizu-
mab Joint Task Force reviewed the post-marketing reports
compiled by the agent’s manufacturer and estimated the inci-
dence of anaphylaxis at approximately 0.09%.105 Seventy-eight
percent of reactions occurred within the first two hours after
the injection and within the first three doses. For this reason,
omalizumab is given in a clinic setting and it is suggested that
individuals are observed for two hours following the three first
doses, then for 30 minutes for the following injections.106

Concerns regarding the development of malignancy with
omalizumab have been initially raised but one long-term cohort
study of moderate to severe asthma patients aged > 12 years
did not find any significant difference in the incidence of malig-
nancy between the omalizumab patients compared to those on
standard therapy.107 Pooled analysis of RCTs did not show any
difference in malignancy outcomes between individuals on
omalizumab and placebo.108,109

Predicting response to therapy
As biologic drugs are very costly, targeting individuals who are
more likely to be responders is critical. Clinical patient charac-
teristics and biomarkers have been assessed for their ability to
predict response to omalizumab in post hoc subgroup analysis
of clinical trials and one observational trial. The biomarkers
investigated as potential predictors of response to omalizumab
treatment are presented in section 2.

In a pooled analysis of 1,070 allergic asthma patients from
two RCTS with symptoms despite moderate to high dose ICS,
individuals with at least one of the following characteristics:
budesonide dose > 800 mcg/day, frequent ED visits for asthma
treatment and poor lung function (FEV1<65%) had a more
than two-fold higher chance of being a responder to omalizu-
mab compared to placebo (OR: 2.25, 95% CI 1.68 to 3.01) with
the odds increasing with each additional factor present.38

Response to omalizumab was defined as no exacerbations and
improvement in either FEV1, beta2-agonist use, symptoms or
QoL.

A post hoc analysis of a multicenter randomized double-
blind placebo-controlled trial in individuals with severe asthma

found that those who had more uncontrolled asthma at base-
line, defined by an ACT �15, were more likely to have signifi-
cantly larger improvements in ACT score at week 24 with
omalizumab compared to placebo (change from baseline in
ACT: 6.66 and 5.27, respectively; treatment difference: 1.39;
95% CI: 0.11, 2.66; p D 0.033.84 In a pediatric placebo-con-
trolled randomized double-blind trial, children were treated
with omalizumab to prevent asthma exacerbations in the fall.
Eleven pre-specified subgroups were identified and only chil-
dren with an exacerbation during the run-in period were more
likely to have a decrease in subsequent exacerbations with oma-
lizumab compared to placebo during the 90-day trial. Other
biomarkers that were explored: (eosinophil count �320 cells/
mL, IgE �255 IU/L, sensitization to cockroach, FeNO
�23.5ppb) and clinical characteristics (FEV1 �91%, age, race,
gender, body mass index (BMI) � 85 percentile) were not
predictive.39

Conclusions
Omalizumab is effective in reducing exacerbations, reducing
ICS dose and improving patient symptoms in individuals with
severe allergic and inadequately controlled asthma. Omalizu-
mab is well tolerated with a small risk of anaphylaxis.

Box 5. Key messages: Biologic Therapy: Anti-lgE
Omalizumab

PICO 4: What is the efficacy and safety of adding omalizu-
mab in children and adults with severe asthma uncontrolled
or requiring high-dose ICS C/- second controller therapy?

Key messages:
1. Omalizumab may be considered in individuals 6 years

of age and over with severe asthma who are inade-
quately controlled despite high-dose ICS� and at least
one other controller and who are sensitized to at least
one perennial allergen and have serum IgE level
between 30-1300 IU/ml (6-11 years of age) or 30-
700IU/mL (12 years of age and over).
�Due to the known risk of side effects associated with
high-dose ICS in children, omalizumab should be
considered in children and adolescents who repeat-
edly exacerbate or have poor control when therapy is
stepped down from high-dose to moderate-dose ICS
and at least one other controller.

2. There is insufficient evidence to make any recom-
mendation regarding the use of omalizumab in indi-
viduals with severe asthma who are non-atopic or
have serum IgE levels above the current dosing range.

3. Predictors of response to omalizumab include a his-
tory of recurrent exacerbations or blood eosinophil
counts �260-300 cell/mL, although the exact eosino-
phil cut-off remains to be clearly established.

4. Omalizumab appears to be safe and well tolerated
with anaphylaxis occurring rarely. Individuals should
be monitored closely, usually for two hours after the
first three injections (as this is the time frame when
reactions most commonly occur) and for 30 minutes
for subsequent injections.
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Section 6: Biologic therapies in severe asthma: Anti-IL5

PICO 5: What is the efficacy and safety of anti-IL5 therapies in
adults with severe eosinophilic asthma uncontrolled on high
doses of ICS plus long-acting beta2-agonists and/or other add-
on therapy?

Introduction
Th-2 high asthma is an endotype usually associated with a
prominent airway eosinophilic inflammation. Although corti-
costeroids are effective in reducing eosinophilic inflammation,
they fail to effectively control this inflammation in a subset of
individuals with severe asthma. Interleukin (IL)-5 plays a cen-
tral role for eosinophil recruitment, activation, and survival. IL-
5 and its receptor (IL-5R) have been targeted for developing
antagonists against this cytokine or its receptor for improving
asthma control. Three drugs targeting IL-5 or its receptor have
been developed to treat severe eosinophilic asthma. Two have
already received a Health Canada approval (mepolizumab
(NucalaTM) and reslizumab (CinqairTM)) while the third one
(benralizumab) is still under development but will be submitted
shortly for regulatory review.

Mepolizumab
Mepolizumab is a humanized monoloclonal anti-IL5 (IgG1)
antibody administered monthly. Different doses of mepolizu-
mab have been tested for both intravenous (75 to 750 mg) and
subcutaneous (100 mg) administrations. The molecule obtained
regulatory approval with a monthly subcutaneous administra-
tion of 100 mg with the following indication:110

Add-on maintenance treatment of adult patients with severe
eosinophilic asthma who:

� Are inadequately controlled with high-dose inhaled corti-
costeroids (ICS) and an additional asthma controller(s)
(e.g. LABA) AND

� Have a blood eosinophil count of � 150 cells/mL (0.15 GI/
L) at initiation of treatment OR � 300 cells/mL (0.3 GI/L)
in the past 12 months

It is worth emphasizing that all individuals included in the
pivotal clinical trials had at least two asthma exacerbations in
the year preceding the administration of mepolizumab.

Mepolizumab has been shown to be effective in reducing
asthma exacerbations in individuals with severe eosinophilic
asthma and two or more asthma exacerbations.111,40 However,
when administered to a group of individuals with moderate
asthma treated with ICS who were not selected according to the
presence of eosinophilic airway inflammation, it failed to show
significant improvement in the clinical outcomes (change in
PEF, asthma symptoms, FEV1, QoL and asthma exacerbations)
even if it significantly reduced blood and sputum eosinophils.112

Mepolizumab has shown good corticosteroid-sparing prop-
erties allowing for a reduction of the dose of oral corticosteroids
(OCS) by 50% in corticosteroid-dependent asthmatics with
persistent peripheral eosinophilia.113

The administration of mepolizumab was also associated
with an improvement in QoL related to asthma as measured by
the AQLQ111 or the St. George’s Respiratory Questionnaire
(SGRQ).44 It was also associated with an improvement in FEV1

of approximately 100 mL compared with placebo.44

The optimum duration of treatment with mepolizumab
remains uncertain. Cessation of mepolizumab was associated
with a rise in blood eosinophils as well as with an increase in
asthma exacerbations in comparison with the period during
which the subjects were treated with mepolizumab.114 Ongoing
long-term open label safety studies may provide some indica-
tion for the best duration of therapy.

The most frequent adverse events reported in the different
clinical trials were rhino-sinusitis (12–29%), and headaches
(20–24%). They were not different from those reported in the
placebo groups (15–24% and 17% respectively).40,44 No death
or anaphylaxis related to treatment was reported.

The pivotal clinical trials of mepolizumab are summarized
in Appendix 1.

Two meta-analyses of RCTs comparing mepolizumab to
placebo were published. The first meta-analysis included
three trials in mild asthmatics and did not include the latest
pivotal studies. However, this meta-analysis showed that
mepolizumab reduces the risk of exacerbation and improved
QoL in asthmatic subjects with eosinophilic inflamma-
tion.115 A Cochrane review was published in 2015.116 The
literature search was performed in 2013 and updated in
2014. Eight studies on 1,707 individuals were selected. Six
studies included adults, three of them included mild asth-
matics. Two studies included children (over 12 years of
age), but did not report separate findings for the adoles-
cents. Two studies performed in subjects with eosinophilic
asthma showed a reduction in exacerbation rates (RR 0.52,
95% CI 0.43 to 0.64; n D 690). The analysis of serious
adverse events indicated a significant difference favouring
mepolizumab (RR 0.49, 95% CI 0.30 to 0.80; n D 1441).
The authors concluded that treatment with mepolizumab
resulted in an improvement in QoL and a reduction of
asthma exacerbations without significant side effects in sub-
jects with severe eosinophilic asthma.

Reslizumab
Reslizumab is a humanized anti-IL5 (IgG4/k) antibody adminis-
tered monthly. Intravenous doses of 0.3 and 3 mg/kg have been
studied. The molecule was commercialized with a monthly IV
administration of 3 mg/kg with the following indication:

Add-on maintenance treatment of adult patients with severe
eosinophilic asthma who:

� Are inadequately controlled with medium-to-high-dose
inhaled corticosteroids and an additional asthma control-
ler(s) (e.g. LABA) AND

� Have a blood eosinophil count of �400 cells/mL at initia-
tion of the treatment

All individuals included in the pivotal clinical trials had at
least one asthma exacerbation in the year preceding the admin-
istration of reslizumab.

Reslizumab has shown good efficacy in reducing asthma
exacerbations in subjects treated with moderate to high
doses of ICS with a blood eosinophil count higher than 400
cells per mL35 and at least one exacerbation in the previous
year. The administration of reslizumab was also associated
with significant increases in FEV1 of 115 mL [95% CI, 16–
215; p D 0.0237] and 160 mL [95% CI, 60–259; P D
0.0018]) with respective doses of 0.3 and 3.0 mg/kg of
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reslizumab compared to placebo.48 However, the adminis-
tration of reslizumab did not result in a significantly greater
increase in FEV1 compared with placebo after 16 weeks of
treatment when subjects were not selected on the basis of
blood eosinophils (p D 0.17).47

Reslizumab (3 mg/kg) also improved asthma-related QoL as
measured by AQLQ compared to placebo (0.359 (0.047 to
0.670) p D 0.02) although it did not reach the minimal clini-
cally important difference of 0.5.48

Upper respiratory tract infection, nasopharyngitis, sinusitis
and headache were the most frequently reported adverse events
and, were similar between reslizumab (3–13%, 11–19%, 4 to
9% and 8–14%), and placebo (7–13%, 14–19%, 4–9% and, 7–12
% respectively).48 No death related to treatment was reported.
Two anaphylactic reactions were reported in the reslizumab
group.35

The pivotal clinical trials of reslizumab are summarized in
Appendix 1.

One meta-analysis comparing reslizumab to placebo
reviewed the literature until 2016 included four publications
and five RCTs with a total of 1,366 individuals. The meta-
analysis showed that reslizumab decreased the risk of an
exacerbation (OR D 0.46, 95% CI D 0.35 to 0.59, p < 0.001,
showed a greater increase in FEV1 (SMD D 0.16, 95%CI D
0.10 to 0.23, p < 0.001, and a greater reduction in ACQ
score (SMD D ¡0.26, 95%CID ¡0.36 to ¡0.16, p < 0.001)
compared to placebo.117

Benralizumab
Benralizumab is a humanized monoclonal antibody against
interleukin 5 receptor a (IgG1k), which is expressed on eosino-
phils and basophils. It inhibits IL-5 mediated eosinophil activa-
tion and proliferation, and also causes antibody-dependent
cell-mediated cytotoxicity of basophils and eosinophils. Single
IV doses of 0.3 mg/kg or 1.0 mg/kg, and subcutaneous doses
(2 mg, 20 mg, 30 mg, 100 mg and 200 mg) every 4 to 8 weeks
have been studied. It is currently investigational (not yet
approved in Canada for human use).

Benralizumab has been shown to reduce the rate of asthma
exacerbations, time to first exacerbation and (in some of the
studies) rate of exacerbations requiring an ED visit or hospitali-
zation in subjects with severe asthma and with a history of
exacerbations in the previous year despite treatment with
medium- to high-dose ICS plus LABA and a blood eosinophil
count greater than or equal to 300 cells/ mL.52,53,118 Benralizu-
mab has also been associated with a significant reduction in
oral prednisone dose.118

In phase 3 clinical trials, benralizumab also improved
pre-bronchodilator FEV1 by approximately 100–160 mL
compared to placebo, asthma-specific QoL symptom score as
measured by the AQLQ by 0.08 – 0.23, and asthma control as
measured by the ACQ-6.52,53

After three induction doses at four weekly intervals the
administration of benralizumab every 8 weeks seems to be
more effective than every 4 weeks, which may have theoretical
advantages for patient care compared to medications requiring
more frequent administration.

The most common side effects were worsening asthma
and nasopharyngitis, occurring in 11–14% and 12–21% of
the benralizumab groups respectively, compared to 15–19%
and 12–21% in the placebo groups respectively.52,53,118 Seri-
ous adverse events deemed to be related to the study treat-
ment, included: worsening asthma, allergic granulomatous
angiitis, panic attack, paresthesia, pneumonia, heart failure,
urticaria, and herpes zoster. Two serious adverse events
deemed to be related to the study treatment in the placebo
group: non-cardiac chest pain, injection-site erythema.
There were no deaths deemed to be related to benralizumab
in the two largest trials.52,53 In the most recent trial, there
were 2 deaths in individuals receiving benralizumab every 8
weeks, and the deaths were due to acute cardiac failure and
pneumonia.118 Overall there was no appreciable difference
in side effects between active and placebo treatment groups.

The pivotal clinical trials of benralizumab are summarized
in Appendix 1.

Comparison of anti-IL5 therapies
No head-to-head comparison between anti-IL5 medications
has been performed to date. A recent meta-analysis
reviewed the RCTs involving mepolizumab, reslizumab and
benralizumab in severe asthma between 1990 and 2015. No
superiority of a specific molecule over the others emerged
from this analysis.119 Another systematic review and meta-
analysis of 20 RCTs of anti-IL5 therapies involving 7,100
individuals revealed significant improvements in FEV1 of
0.09 L (95% CI 0.06 – 0.12), FEV1% of 3.75 (95% CI 1.66 –
5.83), AQLQ score of 0.22 (95% CI 0.15–0.30), and reduc-
tions in blood and sputum eosinophils, and reductions in
asthma exacerbations (RR 0.66, 95% CI 0.59–0.73) in the
pooled analyses.120

Adolescent and pediatric individuals
Anti-IL5 treatments have not been studied in children under
12 years of age. Although individuals 12–17 years of age were
included in RCTs of mepolizumab (and not clearly specified in
those of reslizumab and benralizumab), there is an insufficient
number of adolescents to ascertain the safety and efficacy of
these medications in individuals under 18 years of age in the
published literature.

Predicting response to therapy
This topic has been discussed in Section 2: “Biomarkers pre-
dicting response to biologics and macrolides”.

Conclusions
Anti-IL5 therapies are effective in reducing asthma exacerba-
tions in poorly controlled severe eosinophilic asthma. Since the
efficacy of these molecules is dependent upon the presence of
eosinophilic inflammation, ensuring that the individual has
peripheral blood eosinophil levels greater than the regulatory
approved levels (which are within the normative range) and
with an appropriate exacerbation history is key. Prescribing
these expensive medications to non-eosinophilic asthma
patients will likely result in a failure of treatment.
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Box 6. Biologic therapies in severe asthma: Anti-IL5

PICO 5:What is the efficacy and safety of anti-IL5 therapies
in adults with severe eosinophilic asthma uncontrolled on
high doses of ICS plus long-acting beta2-agonists and/or
other add-on therapy?

Key messages:
1. Anti-IL5 therapies may be considered for use in

adults aged 18 years of age and over with severe
eosinophilic asthma who experience recurrent asthma
exacerbations in spite of optimal asthma treatment
including high doses of ICS and at least one other
controller.

2. Anti-IL-5 therapies may be considered in adults
18 years of age and over with severe eosinophilic cor-
ticosteroid-dependent asthma in an attempt to
decrease or withdraw oral corticosteroids. Of note,
corticosteroid sparing studies have only been under-
taken with mepolizumab and benralizumab.

3. Blood eosinophil counts show a reasonable ability to
identify responders to anti-IL5 therapy, with the
greatest reduction in asthma exacerbations associated
with the highest levels of blood eosinophil counts.
Cut-offs of >150 cells /mL at initiation or � 300 cells/
mL in the past 12 months for mepolizumab �400
cell/mL for reslizumab and �/ 300 mL cells for benra-
lizumab have been used.

4. Anti-IL5 therapies have demonstrated a good safety
profile in twelve month studies.

5. Although infrequent, anaphylactic reactions have
been reported with anti-IL5 therapies, individuals
should be monitored closely for an appropriate
period of time following each injection of these thera-
pies. The time frame for observation is unclear but
for at least one hour would be reasonable.

Section 7: Bronchial thermoplasty

PICO 6: What is the safety and efficacy of bronchial thermo-
plasty in adults with severe asthma?

Introduction
Bronchial thermoplasty (BT) is an endoscopic procedure which
aims to reduce airway smooth muscle (ASM) using a radiofre-
quency ablation controller and a catheter (Alair, Boston Scien-
tific).121,122 The procedure targets distal 3 mm airways to
proximal 10 mm bronchi. A diagnostic bronchoscope with a
minimum 2 mm working channel is preferred due to better
visualization of the airways. The catheter’s distal tip contains
an expandable basket consisting of four electrodes that deliver
thermal energy at 65C for 10 seconds to the airway walls and is
applied in sequence from distal to proximal airways. Three sep-
arate BT procedures are performed approximately 3 weeks
apart in both lungs, sparing the right middle lobe due to con-
cerns about the potential for stenosis to this small diameter
bronchus. The procedure is performed in a standard bronchos-
copy suite generally using conscious sedation. Oral corticoste-
roids are usually given for 5 days beginning 3 days before the

procedure to reduce possible procedure related airway
inflammation.

BT aims to reduce ASM to lessen bronchial constriction and
airway hyper-responsiveness (AHR). The histopathological
effect of BT on ASM has been confirmed in an animal model
and in humans. In dogs,123 BT reduced ASM mass and
decreased AHR with persistent effects for 3 years. Moreover,
several studies using endobronchial biopsies in humans with
asthma have demonstrated consistent reductions in ASM
following BT.124–126 Other effects on airway remodeling include
decreased type 1 collagen deposition and a reduction in
reticular basement membrane thickness which persist long-
term.124,126 Bronchial epithelial structure, however, is not mod-
ified. Recent evidence suggests an effect of BT on airway neuro-
logical structures such as a decrease in autonomic nerve fibers
in the bronchial submucosa and in ASM bundles and a reduc-
tion in neuroendocrine cells in the bronchial sub-epithelium
suggesting that BT may downregulate airway neurological
excitability.127 Vascular and lymphatic structures appear to be
unaffected by BT.127 The effect on exacerbations does not
appear to be related to decreased airway mucosal inflammation
as mucosal eosinophils and neutrophils remain unchanged.127

The pivotal clinical trials for bronchial thermoplasty are
summarized in Appendix 1.

Efficacy
The clinical benefits of BT have been established in individ-
uals with moderate and severe asthma. Three RCTs support
the use of BT for individuals with uncontrolled asthma.128–
130 Individuals treated with BT showed fewer exacerbations,
more symptom free days, improved QoL, reduction in res-
cue inhaler use, less days lost from work and a sustained
reduction in exacerbations and overall health care use131

and safety lasting up to five years.132,133 Apart from the
RISA trial130 which was performed in individuals with more
severe asthma, no improvement in lung function has been
demonstrated.

Safety
Adverse events have been described in all of the three
RCTs.128,130 The most common symptoms include wheezing,
cough, dyspnea and chest discomfort. Most symptoms are tran-
sient, occurring within 1 day of the procedure and usually
resolving within 1 week. Severe events such as hospitalization
due to asthma worsening, atelectasis and pneumonia are
reported in less than 5% of procedures. Rare events such as sig-
nificant hemoptysis requiring bronchial artery embolization129

and tooth aspiration128 have also been reported. In a follow-up
study 5 years post BT, high-resolution computed tomography
data showed no structural abnormalities attributable to the
procedure.133

Predicting response to therapy
There remains some controversy as to which individuals
can benefit the most from BT. Clinical trials have focused
principally on individuals with variable airflow obstruction
and an FEV1 greater than 50% predicted. Limited experi-
ence in individuals with very severe asthma have shown
that some individuals do improve clinically but the
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procedure carries increased short-term risks such as over-
night hospitalization.134

Several studies have attempted to better identify the BT
responder phenotype. The predictive value of imaging techni-
ques, biomarkers and airway histology for BT response is cur-
rently under investigation. Asthmatics with significant AHR
and a pauci-granulocytic endotype135 and individuals less likely
to respond to pharmacological therapies including those with
glucocorticoid-resistant asthma would appear to be candidates
for BT but these populations also require further study.

Conclusions
International guidelines include BT as a treatment option for
selected individuals with severe asthma already on optimized
standard therapy.9,136 The ERS and ATS recommendations fall
short of endorsement and suggest limiting the use of BT to
patients in institutional review board approved clinical studies
or systematic registries due to concerns about increased short-
term side effects, the potential for longer term side effects, the
use of health care resources and the uncertainty regarding the
patient population that might best benefit from BT, while
encouraging further research to investigate these issues.9

Currently, in Canada access to BT is limited to only a few
highly-specialized centers. Since the cost is for the most part
not covered by third party payers, BT remains largely an inves-
tigative tool. The role of BT vis a vis monoclonal antibody ther-
apies in severe asthma has not been established and there have
been no direct comparisons of these therapeutic modalities.

Box 7. Bronchial Thermoplasty

PICO 6: What is the safety and efficacy of Bronchial Ther-
moplasty in adults with severe asthma?

Key messages:
1. The precise role of bronchial thermoplasty in individ-

uals 18 years of age and over with severe asthma
remains uncertain.

2. Bronchial thermoplasty has a limited role and should be
practiced in highly specialized centers because of the
complexity of the procedure and the occurrence of
severe events, such as hospitalizations due to asthma
worsening, atelectasis, and pneumonia which have been
reported in as many as 5% of procedures.

Figure 2. Management hinges upon confirming the diagnosis. All individuals with confirmed asthma should receive self-management education, including a written
action plan. Very mild intermittent asthma may be treated with a short-acting beta2 agonist (SABA) taken as needed. SABAs are recommended for relief of symptoms;
individuals 12 years of age and over with moderate to severe asthma (particularly those who are exacerbation prone and have poor control) who are taking an ICS/LABA
formulation approved also for use as a reliever may do so. Inhaled corticosteroids (ICS) should be introduced early as the initial maintenance treatment for asthma even
in individuals who report asthma symptoms less than three times a week. LTRA are second-line monotherapy for mild asthma. If asthma is not adequately controlled by
low doses of inhaled corticosteroids, additional therapy should be considered. In children 6 years of age and over, the ICS should be increased to a medium dose before
adding an adjunct agent such as a long-acting beta2–agonist (LABA) or LTRA. In individuals 12 years of age and over, a LABA should be considered first as adjunct ther-
apy. A LABA should only be used in combination with an ICS. Increasing to a medium dose of ICS or the addition of a LTRA or tiotropium are third-line therapeutic
options. Theophylline may be considered as a fourth-line agent in adults. Severe asthma may require additional treatment as outlined in Figure 2. Exposure to asthma
triggers in the environment, and the presence of co-mordibities should be reassessed at each visit and before altering the maintenance therapy. Consider also assessment
of sputum eosinophils in adults with uncontrolled moderate to severe asthma managed in specialialized centres. After achieving acceptable asthma control for at least a
few weeks to months, the medication should be reduced to the minimum necessary dose to achieve adequate asthma control and prevent future risk of exacerbations.
HFA: Hydrofluoroalkane; mcg: Micrograms; PEF: Peak expiratory flow; yrs: Years.
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Summary

This article presents an approach to the diagnosis andmanagement
of severe asthma in Canada, which is summarized in Figures 2 and
3. Key messages pertaining to phenotyping individuals with severe
asthma and suggested phenotype-specific targeted therapies are
presented.

Current gaps and future research needs

Based on the evidence reviewed, the Clinical Assembly identi-
fies the following research needs in severe asthma:

� to determine the relative efficacy and safety of anti-IgE
compared to anti-IL5 therapies in individuals who are eli-
gible for both classes of therapies

� to determine the relative efficacy and safety of macrolides
compared to anti-IgE and anti-Il therapies

� to determine the relative efficacy of the subcutaneous and
intravenous anti-IL5 therapies

� to clarify the role of bronchial thermoplasty in severe
asthma, including identification of biomarkers predictive
of efficacy, the relative efficacy compared to biologics,
and long-term safety.

Knowledge transfer and tools for practice

� The present document is available for download at www.
cts-sct.ca/guidelines and www.tandfonline.com

� A slide deck for teaching and self-learning as well as a
handout for health care professionals and students are
available at www.cts-sct.ca/guidelines.

� The CTS Asthma Clinical Assembly welcomes the oppor-
tunity to partner with other organizations and stakehold-
ers in the development of educational tools and resources
that support the implementation of the key messages
described herein, with various targeted groups.

� Successful implementation of the clinical guidance in this
position statement is integral to its aims. The following
parameters may be used to monitor or audit adherence
with some of the key message contained in this position
paper:
� Severe asthma is diagnosed only after careful review

and control of the environment, co-morbidities,
adherence and inhaler technique.

� Individuals with severe asthma are referred to an
asthma educator and asthma specialist.

Figure 3. Management of severe asthma: The diagnosis of asthma should be objectively confirmed in all individuals with suspected uncontrolled severe asthma. Domes-
tic and work environment as well as co-morbidities should be thoroughly assessed. Adherence to treatment should also be verified carefully. Individuals with severe
asthma should be assessed by an asthma educator in order to ensure adequate inhalation technique and receive a written action plan. Individuals who experience recur-
rent asthma exacerbations requiring oral corticosteroids in spite of the combination of high dose ICS and long-acting beta 2 agonists +/- leukotriene inhibitor antagonists,
theophylline, and/or tiotropium should be phenotyped by measuring blood eosinophil counts and serum IgE +/-sputum eosinophils and/or FeNO. Theophylline has a
limited evidence base for use in severe asthma but maybe considered as part of an N-of-One therapeutic trial. Its potential benefits should be balanced against its associ-
ated adverse events. Omalizumab may be considered in individuals who experience recurrent asthma exacerbations requiring oral corticosteroids and in prednisone
dependent individuals with allergic asthma with positive skin prick test to at least one perennial allergen and total serum IgE between 30 and 1300 IU/mL for children 6-
11 years of age and 30 to 700 IU/mL in individuals 12 years of age and over. Anti-IL-5 therapy may be considered in individuals 18 years of age and over who experience
recurrent asthma exacerbations requiring oral corticosteroids and prednisone dependent individuals and who show a pre-determined blood eosinophil count cut-off.
Macrolides have been shown to decrease asthma exacerbations in only one large RCT and may be considered independently to a specific phenotype. Once asthma control
has been achieved consider weaning oral corticosteroids in steroid-dependent individuals and lowering the ICS dose in the other cases.
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� Severe asthma patients are phenotyped, using total
IgE, skin prick tests, blood and (where available) spu-
tum eosinophils C/¡ FeNO, to guide decisions
regarding add-on therapies.
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