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Supplementary Material

Selection of biologics in severe asthma: a multifaceted algorithm
1. Omalizumab
Omalizumab, the first biological approved for severe asthma is a IgG1
humanized monoclonal antibody directed against the Cε3 domain of IgE, thus
avoiding the union of IgE to its specific receptors. In patients 12 years of age and
older, omalizumab is indicated as add-on therapy to improve asthma control in
patients with severe persistent allergic asthma who have a positive skin test or in
vitro reactivity to a perennial aeroallergen and who have reduced lung function
(FEV1 <80%) as well as frequent daytime symptoms or night-time awakenings and
who have had multiple documented severe asthma exacerbations despite daily
high- dose inhaled corticosteroids, plus a long-acting inhaled beta2-agonist. In
children between 6 and 12 years of age the requisites are the same, except that
FEV1 can be normal1.
There are two published meta-analyses about the treatment of omalizumab
in asthma2,3, and a systematic review that was part of a health technology
assessment4. In a recent review of all three of them, the conclusion was that the
treatment with omalizumab induced a reduction of clinically significant asthma
exacerbations and hospitalizations respect to placebo or standard of care in adults
and adolescents5. Omalizumab was also associated with a reduction in inhaled
corticosteroid use and improved asthma symptoms compared to placebo in adults
and adolescents. Concerning pulmonary lung function, in the meta-analysis of
Normansell et al2, a very modest improvement for the change from baseline FEV1
predicted and morning PEF was observed with omalizumab compared with
placebo.
In addition, after the approval of omalizumab, a great number of real life
studies have been published. In a recent meta-analysis of 25 of them, Alhossan et
al6 concluded that the treatment with omalizumab associated with a large
proportions of patients having a good to excellent response (Global Evaluation of
Treatment Effectiveness scale); improvements in FEV1, AQLQ, and ACT; reductions
in the use of oral and inhaled corticosteroid; and a reduction in the exacerbation
and hospitalization rates.
As biological are expensive treatments, the identification of patients that
could better respond to omalizumab is crucial. In a pooled analysis of two
multicenter, double-blind, randomized, placebo-controlled phase III studies with
omalizumab, the authors found that patients who benefit the most of omalizumab
treatment were those receiving high doses of BDP, those with a history of frequent
emergency asthma treatment, and those with poor lung function7. In addition, in a
post hoc analysis of the INNOVATE study8, Bousquet et al. found that patients with
total serum IgE levels under 76 UI/L had a lower response that those patients with
total serum IgE over this threshold, although no baseline characteristics were
found to predict the response to omalizumab9. In another post hoc analysis of the
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EXTRA study, Hanania et al10,11 explored whether there were differences in
exacerbations in patients with different expressions on FENO, peripheral blood
eosinophils and periostin. They found that after 48 weeks of omalizumab,
reductions in exacerbations were greater in high versus low subgroups for all
three biomarkers: FENO (>19 ppb), eosinophils (>260 µL), and periostin (> 50
ng/mL). In addition, a very recent study evaluated the response to omalizumab
using patient enrichment criteria from clinical trials of novel biologics in asthma12.
The authors selected the following criteria: peripheral eosinophil count (<300/µL
vs ≥300/µL), FEV1 at baseline (FEV1 <65% vs FEV1 ≥65% predicted), use of
inhaled beclomethasone dipropionate (<600 mcg/day vs ≥600 mcg/day), and
LABA use (yes vs no). They found that the percentage of reduction of the
exacerbation rate of omalizumab vs placebo was higher in patients with the higher
cut-off levels of all the previous criteria as well as in patients with history of
previous emergency asthma treatment or hospitalization. In the case of eosinophil
counts and based on a negative binomial regression model, the authors stated that
the efficacy benefit of omalizumab increased with increasing baseline eosinophil
counts, suggesting that response to omalizumab is observed across a wide range of
eosinophil levels, although it was better with higher eosinophil levels.
Another perspective is that based on real life studies. In the multicenter,
prospective, PROSPERO study (Prospective Observational Study to Evaluate
Predictors of Clinical Effectiveness in Response to Omalizumab)13, the authors
concluded that Omalizumab treatment during 48 weeks in patients with asthma
resulted in improved exacerbation rates, reduced hospitalizations, and improved
ACT scores compared with pretreatment values, regardless of high (peripheral
blood eosinophils ≥300 cells or FENO ≥25 ppb) or lower biomarker status
(peripheral blood eosinophils ≤300 cells or FENO ≤25 ppb). They found greater
improvement in lung function in adolescents. They also found that there were
responder patients with IgE levels that felt outside the recommended limits. In a
recent retrospective observational study of 340 severe asthmatics who had
already been recruited for two of our previous studies, Sposato et al.14 analyzed
possible factors that may influence Omalizumab effectiveness in a real-life setting
and found that older age, obesity, comorbidities, smoking habits, nasal polyposis
and allergic poly-sensitization may reduce the effectiveness of Omalizumab
treatment, whereas asthmatics with an asthma family history, the presence of
rhinitis/sinusitis and a high level of total IgE may have a better response to
Omalizumab.
Asthma comorbidities should also be considered when selecting a biologic.
In this sense, omalizumab has proven to be effective in chronic urticaria, as
confirmed by meta-analysis15. It is worthy to note that there are no clinical trails
showing a significant reduction on the dose of oral corticosteroids in asthmatic
patients treated with omalizumab. Reduction on the dose of oral corticosteroids
has notwithstanding been described in observational studies16-19. Concerning
allergic bronchopulmonary aspergillosis (ABPA), Xi et al20, in a recent synthesis
review of the published literature found that omalizumab treatment provided a
clinically important reduction in serum IgE, exacerbation rates and steroid
requirement, and also showed attenuated asthma symptoms and improved
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pulmonary function parameters in patients with ABPA. Finally, there is limited
evidence showing efficacy of omalizumab in non-allergic asthma 18,21-23
2. Anti IL-5
In most asthmatic patients, the characteristic inflammatory pattern includes an
increase in the number of T helper type 2 (Th2) lymphocytes, type 2 innate
lymphoid cells (ILC-2s), natural killer (NK) cells, as well as mast cells, basophils,
and activated eosinophils through the IL-5 pathway. Mepolizumab and reslizumab
are monoclonal antibodies against IL-5, and benralizumab is a monoclonal
antibody targeting the alpha chain of IL-5 receptor (IL-5Rα), are licensed as
additional treatment in adult patients (18 years and older) with severe
uncontrolled persistent eosinophilic asthma
a) Mepolizumab

In the DREAM study24, 621 patients, 12-74 years of age, were randomized to
receive placebo or one of three doses of intravenous mepolizumab (75, 250 or 750
mg) in parallel groups for a year. There was a decrease of approximately 50% in
clinical significant exacerbations in all mepolizumab groups compared to placebo
without a dose-response effect reported. Mepolizumab also reduced blood and
sputum eosinophil counts with a dose-response effect in the number of eosinophils
in sputum. A post hoc analysis of the DREAM trial showed that, overall, the
reduction in exacerbations with mepolizumab was observed irrespective of IgE
levels or atopy and were more frequent in winter months but treatment response
was unaffected by season or atopy25. The MENSA study assessed the rate of
exacerbations in patients receiving either intravenous (i.v.) (75 mg) or
subcutaneous (s.c.) (100 mg) mepolizumab26. The rate of exacerbations was
reduced by approximately 50% in both active groups compared to placebo. Also,
an increase in FEV1 as well as in the asthma control questionnaire (ACQ) was
observed in patients receiving the drug. Ortega et al.27 conducted a post hoc
analysis to assess the relationship between baseline blood eosinophil counts and
efficacy of mepolizumab from the two aforementioned studies (DREAM and
MENSA studies), stratifying patients by different baseline blood eosinophil
thresholds. This analysis showed a close relationship between baseline blood
eosinophil count and clinical efficacy of mepolizumab in patients with severe
eosinophilic asthma and a history of exacerbations. The exacerbation rate
reduction with mepolizumab versus placebo increased progressively from 52% in
patients with a baseline blood eosinophil count of at least 150 cells/uL to 70% in
patients with a baseline count of at least 500 cells/uL. At a baseline, an eosinophil
count lower than 150 cells/uL, predicted efficacy of mepolizumab was reduced.
The SIRIUS trial, involving 135 patients, was conducted to compare the degree of
oral corticosteroid reduction after receiving 100 mg of s.c. mepolizumab over a 20
week period against placebo28. There was a significant glucocorticoid sparing
effect, a significant reduction of exacerbations and an improvement in asthma
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control in the group receiving mepolizumab. A 52-week, open-label extension of
MENSA and SIRIUS studies (COSMOS) showed a favorable safety profile of
mepolizumab and indicated a durable and stable effect over time, supporting longterm treatment in patients with severe eosinophilic asthma29. Finally, in the 24week MUSCA study, mepolizumab was associated with significant improvements
in quality of life (Saint George’s Respiratory Questionnaire) in patients with severe
eosinophilic asthma, and had a safety profile similar to that of placebo30.
b) Reslizumab

In two multicenter phase 3 trials, patients with inadequately controlled
asthma with medium-to-high doses of ICS, 400 eosinophils/uL or higher in
peripheral blood and at least one exacerbation the previous year, were
randomized to receive either 3 mg/kg of intravenous reslizumab or placebo, for 1
year31. In both trials, patients receiving reslizumab had a significant reduction in
the frequency of exacerbations compared to those receiving placebo. Adverse
events were similar in both groups, the most common being worsening asthma
symptoms and nasopharyngitis. Another phase 3 study further characterized the
efficacy and safety of reslizumab in patients with asthma inadequately controlled
by at least a medium-dose ICS and with a blood eosinophil count ≥400 cells/uL32.
Patients were randomized to receive reslizumab 0.3 or 3.0 mg/kg or placebo
administered once every 4 weeks for 16 weeks. The primary end point was change
from baseline in pre-bronchodilator FEV1 over 16 weeks, and secondary end
points included FVC, forced expiratory flow at 25-75% of FVC, patient-reported
control of asthma symptoms, SABA use, blood eosinophil levels, and safety.
Reslizumab significantly improved lung function, asthma control and symptoms,
and quality of life. It was well tolerated in patients with inadequately controlled
asthma (despite standard therapy) and elevated blood eosinophil levels. Overall,
the 3.0-mg/kg dose of reslizumab provided greater improvements in asthma
outcomes vs. the 0.3-mg/kg dose, with comparable safety32.
A recent systematic review and meta-analysis revealed no differences
between mepolizumab and reslizumab in terms of efficacy or safety measures33.

c) Benralizumab

Benralizumab is a humanized anti-interleukin-5 receptor alpha chain (IL5Ra) monoclonal antibody that binds to an epitope on the alpha subunit of IL-5R
that is near the IL-5 binding site, thus inhibiting IL-5 receptor signaling
independent of the ligand, leading to depletion of eosinophils and basophils.
Benralizumab possess a dual mechanism against eosinophils because it neutralizes
the key survival signal for these cells provided by IL-5, and also directly activates
FcγRIIIa-induced antibody dependent cytotoxicity, driven by NK cells34. Pivotal
Phase III studies with more than 3,000 uncontrolled severe asthma patients
included, prone to exacerbations, had clearly documented a significant reduction
in the exacerbation rate, symptom burden, oral corticosteroid maintenance doses
and a consistent improvement of lung function. In comparison to placebo, the
annual rates of asthma exacerbations were found to be reduced by 28% in the
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CALIMA study35, 51% in SIROCCO36 and 70% in ZONDA37. The results of these
studies and a recent meta-analysis of benralizumab phase II and III studies 38
clearly supported a maintenance dose interval of 8 weeks which confers to
benralizumab a clear advantage in terms of adherence and economy, compared
with the rest of biological drugs whose maintenance regimen are between 2 to 4
weeks. Post hoc analysis support too, a more intense clinical effect of benralizumab
in terms of exacerbation rates and lung function, for patients with need of
maintenance oral corticosteroid use, 3 or more severe asthma exacerbations,
nasal polyps and air trapping 39,40, especially in those patients with blood
eosinophils levels equal or higher than 300 mm3.
3. Dupilumab

Dupilumab is a fully human IgG4 monoclonal antibody directed to the α subunit of
the interleukin-4 receptor (IL4Rα). As IL4Rα can constitute a heterodimer with the
common γ chain (γC) (type I receptor), and a heterodimer with the IL13α chain
(IL13Rα1) (type II receptor), dupilumab blocks both receptors, which bind IL4 and
IL13, respectively. Therefore dupilumab inhibits the downstream signaling of IL4
and IL13, which are two essential Th2 cytokines41 42.
The pivotal LIBERTY ASTHMA QUEST trial enrolled 1902 patients that were
on treatment with medium or high dose of ICSs and up to 2 additional controller
medicines43. Dupilumab 300 mg every two weeks (qw2) following a load dose of
600 mg reduced the adjusted annualized rate of severe asthma attacks by 46% in
the overall population. A relation with baseline eosinophils was observed:
Patients with a baseline blood eosinophil between 150 to 300 per cubic millimeter,
had an exacerbation rate 47% lower rate with dupilumab than with placebo);
patients with an eosinophil count of 300 or more per cubic millimeter had a 67.4%
lower rate with dupilumab than with placebo; patients with less than 150
eosinophils per cubic millimeter did not significantly differ in the exacerbation rate
compared to placebo. The change from baseline in the FEV1 before bronchodilator
with dupilumab 300 mg q2w was 130 mL (9%) over matched placebo for the
general population. This difference was of 210 mL (11%) or 240 mL (18%) in
patients with ≥150 or ≥300 eosinophils/μL respectively. No significant difference
over placebo was observed in patients with a blood eosinophil count of less than
150 per cubic millimeter at baseline. In patients with a FeNO of 50 ppb or more,
the difference as compared with matched placebo was 0.39 liters. In a post hoc
analysis, the greatest treatment benefit as compared with placebo was observed in
patients with elevated type 2 biomarkers (both baseline blood eosinophil count of
≥150 per cubic millimeter and baseline FeNO ≥25 ppb)44.

Dupilumab has also shown efficacy in the reduction of oral corticosteroids. In the
LIBERTY ASTHMA VENTURE trial 210 patients (103 in the dupilumab arm and
107 in the placebo arm) with severe asthma and regular use of maintenance oral
corticosteroids in the 6 months prior to enrolment were included)45. Dupilumab
(300 mg q2w) reduced the use of oral corticosteroids by 70.1% (median reduction
of 100%) compared with 41.9% in the case of placebo (median reduction of 50%).
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Again, in patients with ≥300 eosinophils/μL, the decrease was greater (80% on
average with dupilumab and 43% for placebo. In spite of the reduction in oral
corticosteroids patients treated with dupilumab had 59% and 71% fewer
exacerbations in the overall population and in patients with ≥300 eosinophils/μL.
Also, dupilumab improved the FEV1 by 220 mL compared with placebo in the
overall population, and by 320 mL (25%) in patients with ≥300 eosinophils/μL. In
patients with less than 150 eosinophils/μL, dupilumab treatment resulted in a rate
of severe asthma exacerbations that was 60% lower than the rate with placebo and
in an FEV1 that was higher by 0.24 liters. Transient eosinophilia was observed in
approximately 1 in 7 dupilumab-treated patients.

Also, dupilumab has shown efficacy in patients with CRSwNP, with a
positive effect of dupilumab on nasal polyp score, CT score, 22-item SinoNasal
Outcome Test, and sense of smell in patients with CRSwNP refractory to topical
corticosteroids46. A recent study of dupilumab 300 mg weekly versus placebo in
patients with eosinophilic esophagitis, has shown significantly improvements in
dysphagia, esophageal eosinophil counts, endoscopic features, histology, and
esophageal distensibility compared with placebo47. In addition, dupilumab has
been licensed for the treatment of atopic dermatitis48,49.
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