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INTRODUCTION 

The allergic response is currently defined as “the result of im-
mune reactions to antigens known as allergens,” characterized 
by the production of specific Immunoglobulin E (IgE) as a con-
sequence of this exposure.1 Nowadays, according to several au-
thors, allergic diseases are going through a stationary or even a 
decreasing phase in terms of prevalence, although the increas-
ing prevalence persists in developing countries, especially 
those in which allergic pathologies were not so common in the 
past.2 An Italian statistic performed in 2005 reports that allergic 
disease is positioned at the third place of chronic pathologies 
with an incidence of 10.9%, with a higher prevalence in females 
(12.9%) vs males (9.6%).3

Allergic disease often deeply affects patients’ quality of life 
and absorbs an important part of health care resources in every 
country. Undeniably, one of the most represented in terms of 
both the number of patients and importance is asthma. Accor-
dini et al.4 stated that in 2010, the annual expenditure for any 
European asthmatic patient was 509 € for controlled asthma 
and 2,281 € for uncontrolled asthma. Not only is asthma one of 
the most prevalent allergic diseases, but it is estimated that 
worldwide, urticaria occurs lifetime with a prevalence of above 
20%,5 and it is also approximated that in 2012, about 8.8 mil-
lions of children reported skin allergies in a 12-month observa-
tion period.6 The high incidence the social burden of these dis-
eases require us to pay more attention to what concerns the di-
agnosis and therapy in these kind of patients. New therapeutic 
approaches have recently been put under investigation. What 

happened to severe uncontrolled asthma with anti-IgE therapy 
has happened to difficultly controlled chronic urticaria also 
with good results in terms of clinical effect7 and safety.8 The im-
portance of precision medicine in other allergic diseases opens 
numerous questions on the need to evaluate the possibility of 
searching several biomarkers for asthma able to predict the re-
sponse to these biological treatments that could be used possi-
bly in the nearest future. 

FROM “ONE SIZE FITS ALL” TO PRECISION MEDICINE 

Allergic and chronic respiratory diseases have an important 
socioeconomic impact and represent an important burden of 
missed or wrong diagnosis. Consequently, adequate diagnosis 
and treatment are unsatisfactory. Precision medicine could 
represent a novel, revolutionary approach,9 ideally capable of 
resolving or at least reducing this burden, implementing physi-
cians’ awareness of these critical issues.1

The “one size fits all” principle on which asthma therapy was 
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based on is radically changing for several years. Actually, one 
size does not fit all. Atopy’s therapy is moving from blockbust-
ers to a phenotype/endotype-driven precision medicine, cur-
rently based on monoclonal antibodies directed against specif-
ic and selected cytokines/interleukins involved in airway re-
modeling and inflammation in chronic severe asthma and at 
the base of several other allergic pathologies. This change in 
route is even deeper than thought before, implying a transition 
from general practitioners, who traditionally treated these dis-
eases, to specialists.10 In fact, patients eligible for monoclonal 
antibodies follow a narrow therapeutic path: specialists are al-
lowed to administer biological drugs, whereas general practi-
tioners take care of the classical management of allergic diseas-
es, as it actually is the case for other medical specialties like on-
cology or rheumatology.

A few years ago, we described a “target medicine like” ap-
proach called “the magic bullets which seek their own targets” 
starting from omalizumab, the first and at that time unique bio-
logic available.11 Conceptually, we described the same process 
of the “Personalized Medicine” targeting with the biologic the 
mechanism of the diseases, as predicted by the immunologist 
Paul Ehrlich one century ago.12

The definition of Precision Medicine given by Passalacqua et 
al.13 could be reassumed as a “structural model aimed at cus-
tomizing healthcare, with medical decisions and products tai-
lored on an individual patient at a highly detailed level.” Preci-
sion medicine’s mantra could be summarized with “prescribing 
the optimal treatment to the right patient,” since no other aller-
gy treatment, excluding possibly monoclonal antibodies, has 
these specific characteristics (Fig. 1).14

Allergen immunotherapy (AIT) represents an optimal model of 
tailored therapies because etiological agents responsible for the 
symptomatological cortege are described at a molecular level. 

Focusing on asthma, traditional anti-asthma therapy was 

based on bronchospasm-relieving (beta-2-agonists) and anti-
inflammatory drugs (corticosteroids) to control symptoms and 
reduce inflammation.15 The reason why we are now moving 
from non-specific drugs to monoclonal antibodies is the fact 
that whereas most people are adequately controlled in their pa-
thology, many asthmatic people still present an uncontrolled 
symptomatic asthma despite the evidence provided by interna-
tional guidelines and maximal therapy.

Hence, this has been necessary to expand our knowledge on 
the physiopathological bases of asthma, rhinitis, and other al-
lergic pathologies and brought to unveil the path to different 
phenotypes of the same disease, forcing to reconsider allergic 
diseases as multifaceted, not static, and invariable entities that 
could benefit from precision medicine. 

Deeping our knowledge about TH2 inflammation and TH2 
cytokines/interleukins permitted us to develop alternative 
treatment strategies based on intervening directly on the mole-
cules responsible for the pathogenesis of allergic diseases and 
establishing the bases for molecularly targeted therapies. 

At the present days, omalizumab, a humanized monoclonal 
antibody directed to circulating IgE, is the only targeted mono-
clonal antibody approved in severe uncontrolled asthma and 
chronic urticaria treatment.

FIRST TARGETED DRUGS IN ASTHMA: OMALIZUMAB 
AND MEPOLIZUMAB 

In the recent years, a new approach in asthma therapy is 
catching on, trying to match the right treatment to a specific 
mechanism of disease. Several studies have been conducted to 
master asthma physiopathology, defining the specific charac-
teristics of asthma phenotypes, and finding each ideally appro-
priate therapy. Nowadays, the majority of new anti-allergic bio-
logic drugs have not been approved yet for routine use, and fur-
ther studies and clinical trials are necessary before they could 
be routinely used.

The first biological target identified in allergic disease was IgE, 
and the first targeted biologic drug, actually the only one avail-
able for routine use, is omalizumab, a humanized, murine-de-
rived, IgG1 monoclonal antibody which is presently approved 
only in severe asthma and chronic urticaria. Omalizumab 
binds to circulating IgE in the Cε3 region hindering their link to 
their receptors FcƐRI and FcƐRII on basophils and mast cell 
membrane, and therefore this avoids degranulation and release 
of allergic inflammation mediators.16

Several studies on the efficacy and safety of omalizumab 
showed a reduction in allergens’ effect on the airways,17 a better 
control of asthma symptoms18 and a significant reduction in the 
number of exacerbations,19 even in subjects poorly responsive 
to maximal therapies.20 Other studies also showed significant 
benefits in allergic asthmatic children21 and a significant reduc-
tion in systemic corticosteroid dosage in subjects with refracto-

Fig. 1. Evolution of treatment in asthma, from a therapy applicable to any pa-
tients to a precision medicine.
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ry disease.22 Omalizumab’s treatment inclusion criteria for asth-
matic patients, adults, and children (6-12 years old) are persis-
tent severe asthma for more than 12 months not adequately 
controlled with high doses of ICS and (long acting beta 2 ago-
nists (LABAs), evidence of the sensitization to a perennial aller-
gen at by detection of specific IgE or skin tests, incomplete con-
trol of respiratory symptoms, high levels of serum IgE, and re-
duced baseline pulmonary function (FEV1<80%).23 Omali-
zumab represents the first and only example of a drug dedicat-
ed to a specific subtype of asthmatic patients and can be con-
sidered the first tile of asthma target therapy’s articulated mosa-
ic. However, some other interesting data seem to reveal a con-
nection between omalizumab responders and periostin lev-
els,24 similar to anti-IL-13 drugs, showing that some mecha-
nisms still have to be clarified. 

In the literature, there are also some off-label uses in several 
diseases in which IgE actually plays an important role in deter-
mining their pathogenesis, such as allergic rhinitis, atopic der-
matitis, anaphylasix, food and drug allergy, eosinophilic granu-
lomatosis with polyangioitis (Churg-Strauss syndrome), eosin-
ophilic pneumonia, allergic bronchopulmonary aspergillosis, 
larynx angioedema, skin diseases, and ocular/ear disorders. 
The evidence of clinical efficacy is still too weak, but they are 
noteworthy. 

The first clinical trial on the efficacy and safety of omalizumab 
goes back to 2001. 

The food and Drug Administration (FDA) approved omali-
zumab in 2003 for treating patients aged 12 years and older suf-
fering from moderate to severe allergic asthma. Moreover, 
omalizumab has recently been approved in chronic urticaria 
treatment strategies. At the present days, omalizumab is soon 
going off patent, opening the drug market to biosimilars, and 
shortly 2 other anti-IgE monoclonal antibodies, quilizumab 
and ligelizumab, will be available.25,26 

If the light of the research has immediately been pointed at 
IgE as the keystone of the allergic response since the beginning 
of asthmatic phenotype characterization, the role of eosino-
phils and the role of IL-5 in their maturation, recruiting, and 
survival processes establishes another pillar of today’s develop-
ing target therapy: anti-IL-5 biological drugs and eosinophil 
count as biomarker. 

Mepolizumab was the first anti-IL-5 drug tested and its con-
nection with eosinophil cells quickly emerged from clinical 
studies. One of the first clinical trials showed poor efficacy on 
reducing asthma symptoms or increasing pulmonary func-
tion.27 However, further trials revealed the bias behind these re-
sults and gave more positive findings. In the first studies, there 
was a lack in selection of patients with high count of eosino-
phils. Other studies successfully reached this objective, collect-
ing very interesting data and demonstrating, in a population of 
asthmatic patients with high sputum/blood eosinophil count, a 
significant reduction in acute exacerbations frequency, a drop 

in eosinophil count, and a significant reduction in systemic cor-
ticosteroids dosage.28,29 Such findings were very relevant, high-
lighting the evident connection between a targeted drug and an 
easy-to-evaluate biomarker, potentially leading to a really effec-
tive targeted therapy for some asthmatic patients. As eosino-
phils are also involved in other diseases than asthma, related 
trials were subsequently performed. Studies in patients with 
Churg-Strauss disease and with hypereosinophilic syndrome 
were conducted, showing good clinical results.30,31 Even in nasal 
polyposis, mepolizumab showed a good efficacy, with a signifi-
cant reduction in polyp size,32 and similar good results were ob-
tained in patients with eosinophilic esophagitis.33 Conversely, 
although a reduction in eosinophilic count, no clinical benefit 
seems to come from mepolizumab’s use in atopic dermatitis.34 
On the way of blocking the IL-5 pathway, several trials were run 
to evaluate the clinical efficacy and safety of reslizumab, anoth-
er anti IL-5 drug, and benralizumab, an anti-IL-5R monoclonal 
antibody. A couple of studies were undertaken to evaluate resli-
zumab’s efficacy and safety on OCS-controlled, hypereosino-
philic asthmatic patients and showed a better control of disease 
exacerbation rate in the treated group versus the placebo popu-
lation.35 Similar results were achieved in benralizumab’s clini-
cal trials which also showed a benefit in pulmonary function 
and a reduction in symptoms, with a tight correlation with eo-
sinophil count.36 Other trials demonstrated a cell-mediated cy-
totoxicity against bone marrow eosinophil’s immature progeni-
tors, “opsonized” by benralizumab.37 About the other eosino-
phil-related diseases, a trial on children and adolescent pa-
tients with eosinophilic esophagitis seemed to show a signifi-
cant reduction in intraepithelial eosinophilic granulocytes, but 
failed to show a significant benefit in symptomatology versus 
placebo.38 Reslizumab was also significantly able to reduce na-
sal polyp size, with a correlation between efficacy and nasal 
IL-5 levels.39 A trial conducted on patients affected by COPD, 
characterized by high eosinophil count, failed to demonstrate 
clinical improvement, even if a not statistically significant bene-
fit in FEV1 and specific questionnaires in patients with blood 
eosinophil >200 cells/mcL seemed to leave an open door for 
further similar studies.40

Unfortunately, nowadays none of anti-IL-5 monoclonal anti-
bodies can be used yet for routine clinical use, although mepo-
lizumab has already been approved by the EMA and the FDA 
and could probably be available in the future.41 

BIOMARKERS AS ESSENTIAL ADJUVANTS IN 
THERAPEUTIC STRATEGY CHOICE 

Several studies have recently underlined that asthma is a 
complex disease with different clusters of symptoms. Since dif-
ferent pathophysiological mechanisms are involved in the dis-
ease development, a single therapy cannot be applied to all pa-
tients.42 Uncertainty remains on why only some patients’ phe-
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notypes and endotypes show an encouraging response to bio-
logical treatments. However, the use of biomarkers specific for 
each phenotype/endotype of asthma could help select patients 
eligible for determinate treatments, for whom a positive re-
sponse could be expected from the utilization of monoclonal 
antibodies.

For these reasons, it is a clear need to find valid biomarkers for 
stratifying patients and to establish appropriate personalized 
therapy. According to the NIH Biomarkers Definitions Working 
Group, a biomarker could be defined as “a characteristic that is 
objectively measured and evaluated as an indicator of normal 
biological processes, pathogenic processes, or pharmacologic 
responses to therapeutic intervention.” 

An ideal biomarker is low-invasive, specific, sensitive, simple-
to-obtain, cheap, and highly reproducible; moreover, it should 
be related to clinical features and not influenced by other dis-
eases.43,44

Various pro-inflammatory stimuli are able to induce nitric ox-
ide (NO) by bronchial epithelial cells. Increased fractional ex-
haled nitric oxide (FeNO) is associated with eosinophilic in-
flammation, poor disease control, and aspirin-induced asthma. 
On the other hand, NO is reduced in patients with non-atopic 
asthma or neutrophilic inflammation, and obese patients.45

FeNO is non-invasive, simple-to-obtain, and highly reproduc-
ible. FeNO measurement can be used to predict steroid re-
sponse in patients with eosinophilic inflammation. Moreover, 
FeNO is more influenced by asthma control than by severity, 
and this peculiarity makes this test useful for disease manage-
ment.46 Several attempts have been made to standardize FeNO 
measurement and to develop guidelines that could help the 
physicians in clinical practice. Guidelines suggest the following 
cutoff points: low FeNO <25 ppb (<20 ppb in children), inter-
mediate FENO between 25 and 50 ppb in adults (20-35 ppb in 
children), and high FENO >50 ppb in adults ( >35 ppb in chil-
dren).47 

FeNO is influenced by factors not directly related to asthma, 
such as age, weight, gender, rhinitis, and smoking; moreover, it 
is an expensive technology and not all centers can afford it. An-
other FeNO disadvantage is the lack of association with some 
asthma phenotypes, for example neutrophilic inflammation. 
Although a unique marker of asthma does not exist at present, 
FeNO could be used in association with clinical evaluation, 
sputum analysis, and pulmonary function tests to draw a cor-
rect management plan of asthma therapy and at follow up.48

Exhaled breath condensate (EBC) is another noninvasive 
technique that could be used to evaluate pulmonary inflamma-
tion. EBC is obtained by condensation of exhaled aerosols. EBC 
permits us to obtain various markers that correlate with treat-
ment’s response and asthma severity; moreover, EBC is simple 
and can also be obtained from children without train. In asth-
matic patients, EBC analysis shows increased concentrations of 
endogenous reactive oxygen species (ROS), adenosine, arachi-

donic acid metabolites, nitrogen reactive products, ammonia, 
and pro-inflammatory cytokines.49

Unfortunately, EBC analysis has not been standardized yet, 
and we have no guidelines. Furthermore, another critical issue 
is that EBC results are influenced by smoking, alcohol, infec-
tions, exercise, and other factors that should be taken into 
count.50

Periostin is a matricellular protein that binds to several other 
proteins, such as collagen, fibronectin, and tenascin-C, with an 
important role in the maintenance of inflammatory processes. 
Sidhu et al.51 demonstrated that periostin is produced by epi-
thelial lung cells by the stummulation of IL4 and IL-13, and it 
could be suppressed with the use of corticosteroids. This means 
that although periostin may also be present at non-physiologi-
cal quantities in other diseases, it could be used as a biomarker 
in some forms of severe asthma.51 

The characteristics that make periostin a good biomarker are 
its facility in passing from inflamed tissues to the blood and the 
low serum basal level in physiological conditions.52 

A study conducted by Corren et al.53 demonstrated that high 
serum periostin levels are associated with a greater response to 
lebrikizumab, a humanized monoclonal antibody that blocks 
IL13 reducing the release of signaling molecules and prevents 
airway remodeling. The variables taken into count to evaluate 
the response to therapy were the changes in pulmonary func-
tion and the lowering of exacerbations rate.53 

Nevertheless, there are some critical issues that actually limit 
the use of periostin as a biomarker for asthma. Periostin levels 
rise in several diseases which have an increased basal cellular 
activity, such as cancers with metastatic spread and several oth-
er ones, highlighting the role of clinicians in properly evaluating 
comorbidities. Moreover, at the present days, we do not achieve 
any standardization of periostin measurement, and cutoff val-
ues have not yet been established (Fig. 2).

Eosinophils play a central role in asthma, being involved in 
the development of allergic processes and in the maintenance 
of inflammatory phenomena. Eosinophil are recruited by vari-
ous proteins secreted by epithelial cells; eotaxin1 (CCL-11) is 
one of the most potent chemoattractants and a correlation has 
been demonstrated between CCL-11 and asthma severity.54 
Eosinophil count can be considered a good marker of asthma 
as it is related to clinical manifestation. A previous analysis con-
ducted has demonstrated the reduction in the number of eo-
sinophil count in the peripheral blood of asthmatic patients un-
der treatment with omalizumab. High eosinophil counts in 
sputum might be related to the thickening of the reticular base-
ment membrane, showing that the number of eosinophil can 
go hand in hand with airway remodeling.55

Though eosinophil count is a simple, non-invasive test, there 
is a weak correlation between sputum eosinophils and re-
sponse to treatment with mepolizumab.56

Eosinophil count alone is not a complete biomarker; in order 
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to better follow the trends of asthma, it could be useful to asso-
ciate eosinophil count with other biomarkers, such as periostin, 
FeNO, and pulmonary function tests.

In conclusion, there is no single biomarker valid to be used 
alone as the gold standard. A biomarker capable of predicting 
airway inflammation degree may not be valid for predicting the 
response to therapy. It is therefore necessary to the combined 
use of biomarkers to improve asthma management strategies.56

TARGET DRUGS IN ANGIOEDEMA

Angioedema is a localized and self-limiting edema of the sub-
cutaneous or submucosal tissue, due to a temporary increase 
in vascular permeability caused by the release of different vaso-
active mediators.57 Organs involved include the skin, orophar-
ynx, upper respiratory airways, and gastrointestinal tract. Dif-
ferent types of acquired and hereditary angioedema are now 
identified. Acquired angioedema can be secondary or a side ef-
fect in approximately 1% of patients treated with angiotensin-
converting enzyme inhibitors (ACE-I) and is a common cause 
of hospitalization for allergic disease after asthma.58,59

Idiopathic acquired angioedema can be histaminergic (IH-
AAE) or non-histaminergic (INH-AAE). Angioedema with C1-
INH deficiency can be acquired (no family history and onset af-
ter 40 years) or hereditary in association with a genetic C1-INH 
deficiency. Hereditary angioedema due to C1-INH deficiency 
(C1-INH-HAE) is an autosomal dominant condition with preva-
lence of approximately 1.5/100.000 inhabitants.60,61 HAE is 
caused by the overproduction of bradykinin and the activation 
of the bradykinin β-2 receptor.61 Recent evidence suggests that 
VEGF-A, previously known as Vascular Permeability Factor, 
could contribute to increased vascular permeability in HAE pa-
tients.62

C1-INH-HAE is manifested by recurrent, localized subcutane-
ous, or submucosal edema lasting 2-7 days. The clinical expres-
sion is highly variable among patients. Patients with C1-INH 
present with low C4, and measurement of C4 levels is used to 
screen C1-INH-HAE because it is decreased between attacks 
and can be only exceptionally normal.63 Diagnosis is confirmed 
by plasma levels of C1-INH below 50% of the normal value. 
Two phenotypic variants of C1-INH-HAE have been described: 
85% of cases are characterized by low antigenic and functional 
levels of C1-INH; 15% of patients have normal quantitative lev-
els of C1-INH and diagnosis requires measurement of C1-INH 
activity in plasma. Edema of the larynx is the most fearsome 
feature of this disorder and can be life-threatening.64

HAE-affected individuals carry a mutation in the C1-INH 
gene. C1-INH maps on chromosome 11q12-q13.1; it is ar-
ranged in 8 exons, the first one containing 38 bp of non-coding 
sequence and the second having a 22 bp-long signal peptide 
before the first methionine.65 More than 300 C1-INH deficien-
cy-causing mutations leading to failure in production or activi-
ty of C1-INH protein have been identified. This explains the 
phenotypic heterogeneity of hereditary angioedema. Approxi-
mately 25%-30% of these mutations occur as de novo events.66 

The phenotype of HAE is extremely variable and includes dif-
ferent degrees of severity and number of attacks, and their lo-
calization. Interestingly, there does not seem to be a correlation 
between gene mutations, C1-INH levels, and phenotypes in pa-
tients with HAE.65,67 The care of patients with HAE is neither op-
timal nor uniform in Europe,68,69 Canada,70 and worldwide. 
Management of HAE can also be divided into various ap-
proaches due to the heterogeneity of the disorders. The aim of 
treatment of acute attacks, also referred to as “on-demand ther-
apy,” is to minimize their severity, including potentially fatal 
upper airway edema, and associated with impaired quality of 
life (QoL). The heterogeneity of the phenotype of HAE therapy 
should be personalized.

Acute treatment includes plasma-derived C1 inhibitor (pdC1-
INH) (Berinert→, Cinryze) recombinant human C1-INH (rhC1-
INH, Ruconest→),71 and antagonist of bradykinin β2-receptor 
Icatibant (Firazyr→),72 which are all acceptable options for acute 
treatment. Icatibant may be particularly useful in enabling self-
administration as intravenous access is not necessary. The in-
hibitors pdC1-INH and rhC1-INH are administered intrave-
nously. Regular profilactic treatment with C1-INH may be nec-
essary for patients having 2 or more attacks per week. Recent ev-
idence suggests that self-administration of C1-INH is emerging 
as an effective treatment to improve clinical outcomes and re-
duce costs in HAE.73 Ecallantide (Kalbitor→, Dyax Corp) is a 
60-amino acid recombinant protein approved by the FDA, but 
not by the EMA, as s.c. injection in the treatment of acute attacks 
of angioedema.74 Due to the uncommon risks of anaphylaxis, 
Ecallantide must be administered by healthcare professionals.

In patients with frequent attacks or on demand therapy is in-

Fig. 2. Progression of personalized medicine and the necessity to expand the re-
search to find molecular biomarkers able to predict patient’s response to therapy.

Ricardo
Resaltado
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adequate to achieve control of the disease, long-term prophy-
laxis should be considered. Similar to the treatment of acute at-
tacks, the long-term prophylaxis of angioedema must be per-
sonalized. Attenuated androgens are effective in long-term pro-
phylaxis for most people. Stanozolol (Winstrol®, Winthrop, 
Bridgewater, NJ) can be administered orally (2 mg/or less). Da-
nazol (Danatrol®, Sanophi-Aventis, Paris, Fr) can also be ad-
ministered orally (200 mg/or less). Stanozol® and Danazol®, 
particularly at high doses, carry a potential cardiovascular risk.75 
In addition, these drugs should not be used in children and 
pregnant patients. Risk-benefit balance of long-term adminis-
tration of androgens should always be carefully evaluated, and 
treatment should be individualized according to individual risk 
factors, response to treatment, contraindications, and possible 
adverse events.

Finally, because HAE is a rare disease, patient information 
and support should be comprehensive and consistent. Psycho-
logical support should be provided by specialists and health-
care professionals.76

Chronic Spontaneous (idiopathic) Urticaria (CSU) is charac-
terized by itchy wheals and flare reactions, angioedema, or 
both for greater than 6 weeks.77 CSU has been estimated to af-
fect approximately 0.5%-1% of the general population. Antihis-
tamines are the first-line therapy for acute and chronic urticar-
ia. Unfortunately, approximately 50% of patients to respond 
CSU fail with this therapy and require additional medications. 
Some of these patients have IgE autoantibodies against auto-
antigens, whereas in the majority of cases the nature of the ab-
normalities cannot be identified.78 Two phase II and phase III 
multicenter, randomized, placebo-controlled clinical trials7,8,79 
have established that omalizumab is safe and efficacious for 
treating recalcitrant patients with CSU that cannot be ade-
quately treated with conventional therapy. Different from asth-
ma80 and EGPA,81 omalizumab rapidly acts in patients with 
CSU. The mechanisms of action of omalizumab in chronic urti-
caria are largely unknown. It has been suggested that omali-
zumab blocks IgE antibodies with cross-reactivity to low con-
centrations of self-antigens.78 

FUTURE PERSPECTIVES (OFF-LABEL USES)

Off-label use of omalizumab in allergic b disease showed in-
teresting results. These type of studies can enlarge the treat-
ment possibilities of various disease, which are uncontrolled, 
partially controlled, or controlled at the cost of relevant side ef-
fects, maybe allowing a progressive enlargement of official clin-
ical indications as it happened for chronic urticaria. Although 
its IgE-binding activity, omalizumab has also been tested even 
in subjects with non-allergic asthma, anecdotally showing good 
results in long-term treatment,82 with significant reductions in 
exacerbation frequency and improvements in pulmonary func-
tions.83 A study conducted on 10 patients affected by occupa-

tional asthma and treated with omalizumab showed a reduc-
tion in exacerbation rate and a decrease in corticosteroids (both 
inhaled and systemic) dose.84 Actual knowledge about the effi-
cacy of anti-IgE therapy in allergic bronchopulmonary aspergil-
losis is still insufficient as significant benefits shown in some 
studies85 were not confirmed in other clinical trials.86 Chronic 
urticaria is not the only dermatologic disease in which omali-
zumab’s efficacy and security have been explored. Hotze et al.87 
performed a trial of 20 patients affected by atopic dermatitis 
and demonstrated a connection between the absence of a pri-
mary deficit in mechanic cutaneous barrier, high levels of some 
glicerophospholipides, and a good response to omalizumab. 
Nevertheless, they concluded that despite the positive results 
obtained with omalizumab, further investigations are neces-
sary to demonstrate anti-IgE therapy’s efficacy in atopic derma-
titis. Interesting results also came from the application of omal-
izumab in bullous pemphigoid, with a significant decrease in 
the eosinophilia that tipically accompanied this cutaneous dis-
ease.88 In association with desensitizing immunotherapy, omal-
izumab showed clinical efficacy in reducing symptoms in poly-
sensitized children and adolescents with seasonal allergic rhi-
nitis,89 showing discordant results in patients with chronic rhi-
nitis and nasal polyposis,90,91 both entities which are hypotheti-
cally present in asthmatic patients. 

Eosinophilic otitis media (EOM) is an intractable chronic oti-
tis characterized by highly viscous effusion that contains plenty 
of eosinophils, IgE, eosinophil cationic protein, and IL-5.92 EOM 
has frequently been associated with asthma and shown a good 
response to omalizumab93 together with an interesting reduc-
tion in eosinophil’s proteins in middle ear fluids.94 The efficacy 
of association of omalizumab and immunotherapy in allergic 
patients was also demonstrated in another study,95 in which the 
addition of anti-IgE allowed for escalation of therapeutic aller-
gen doses. Similar trials showed the same efficacy in associa-
tion with desensitizing therapy in food allergy.96 One of these 
trials showed an interesting link between omalizumab’s onset 
of action and basophil count, opening a possible path to the 
discovery of a new biomarker.97 The scientific literature is full of 
single-patient case reports showing the efficacy of an anti-IgE 
therapy in several other allergic diseases. More extended and 
accurate studies, together with a meticulous analysis of the bio-
chemical basis of these diseases, finalized, to look for new valid 
biomarkers that could lead many of these pathologies actually 
treated with unspecific drugs (i.e., corticosteroids) and to have 
valid target therapies. More knowledge of biomarkers and 
mechanisms understating allergic disease could allow us to 
consider different therapeutic approach from a single drug ap-
proach, to an “articulated therapy” where physicians could use 
a sequence of biological products able to act on different patho-
physiological disease’s steps,98 for instance, omalizumab asso-
ciated by allergen immunotherapy (AIT) (Fig. 3).99
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CONCLUSIONS

Writing this paper, maybe for pure curiosity, we conducted a 
medline using the word “allergy” and the name of the principal 
monoclonal antibodies. We decided to restrict the research 
field to clinical trials performed from 2001, year of the first clini-
cal trial on omalizumab, until today. The aim was to have an es-
teem of how many clinical trials have been conducted on the 
application of monoclonal antibodies in allergic diseases’ ther-
apeutic strategies since nowadays. Interestingly, we found that 
151 clinical trials were run involving omalizumab: 21 trials in-
volving mepolizumab, 3 trials regarding reslizumab, 4 trials us-
ing lebrikizumab, 10 trials concerning benralizumab, 2 trials 
about pitrakinra’s use, 1 trial on tralokinumab, and 3 trials on 
dupilumab’s potentially relevant role in severe uncontrolled 
asthma therapy. The first clinical trial performed on a mono-
clonal antibody (omalizumab) goes back to 2001, and after 
more than 15 years, our knowledge on omalizumab and its pos-
sible further applications are still too narrow and have to be en-
larged, possibly including other allergic diseases. Hence, the 
use of the other monoclonal antibodies needs to be further in-
vestigated, our knowledge on their use has to be deepened, and 
other clinical trials have to be performed on allergic subjects 
before we could utilize target therapies in therapeutic treat-
ment strategies.

The application of these issues might possibly reduce the bur-
den of refractory allergic disease that places allergic pathologies 
at the third place of the list of chronic diseases and makes them 
a blackhole of economic resources.

ACKNOWLEDGMENTS

This paper has been partially supported by the Associazione 
Ricerca Malattie Immunologiche e Allergiche (ARMIA) Genova.

REFERENCES

1.  Fajt ML, Wenzel SE. Asthma phenotypes and the use of biologic 
medications in asthma and allergic disease: the next steps toward 
personalized care. J Allergy Clin Immunol 2015;135:299-310.

2.  Asher MI, Montefort S, Björkstén B, Lai CK, Strachan DP, Weiland 
SK, et al. Worldwide time trends in the prevalence of symptoms of 
asthma, allergic rhinoconjunctivitis, and eczema in childhood: 
ISAAC phases one and three repeat multicountry cross-sectional 
surveys. Lancet 2006;368:733-43.

3.  Condizioni di salute, fattori di rischio e ricorso ai servizi sanitari: 
anno 2005 [Internet]. Rome: Instituto nazionale di statistica; 2007 
[cited 2016 Jan 13]. Available from: http://www3.istat.it/salastam-
pa/comunicati/non_calendario/20070302_00/testointegrale.pdf.

4.  Accordini S, Corsico AG, Braggion M, Gerbase MW, Gislason D, 
Gulsvik A, et al. The cost of persistent asthma in Europe: an inter-
national population-based study in adults. Int Arch Allergy Immu-
nol 2013;160:93-101.

5.  Pawankar R, Canonica GW, Holgate ST, Lockey RF, editors. WAO 
White book on allergy [Internet]. Milwaukee (WI): World Allergy 
Organization; 2011 [cited 2016 Jan 13]. Available from: http://www.
worldallergy.org/UserFiles/file/WAO-White-Book-on-Allergy_
web.pdf.

6.  U.S. Department of Health and Human Services, Centers for Dis-
ease Control and Prevention, National Center for Health Statistics. 
Summary health statistics for U.S. children: national health inter-
view survey, 2012. Hyattsville (MD): U.S. Department of Health 
and Human Services; 2013.

7.  Saini S, Rosen KE, Hsieh HJ, Wong DA, Conner E, Kaplan A, et al. A 
randomized, placebo-controlled, dose-ranging study of single-
dose omalizumab in patients with H1-antihistamine-refractory 
chronic idiopathic urticaria. J Allergy Clin Immunol 2011;128:567-
573.e1.

8.  Kaplan A, Ledford D, Ashby M, Canvin J, Zazzali JL, Conner E, et al. 
Omalizumab in patients with symptomatic chronic idiopathic/
spontaneous urticaria despite standard combination therapy. J Al-
lergy Clin Immunol 2013;132:101-9.

9.  Darveaux J, Busse WW. Biologics in asthma--the next step toward 
personalized treatment. J Allergy Clin Immunol Pract 2015;3:152-
60.

10.  Ferrando M, Bagnasco D, Braido F, Varricchi G, Canonica GW. Bio-
similars in allergic diseases. Curr Opin Allergy Clin Immunol 2016; 
16:68-73.

11.  Tarantini F, Baiardini I, Passalacqua G, Braido F, Canonica GW. 
Asthma treatment: ‘magic bullets which seek their own targets’. Al-
lergy 2007;62:605-10.

12.  Schwartz RS. Paul Ehrlich’s magic bullets. N Engl J Med 2004;350: 
1079-80.

13.  Passalacqua G, Canonica GW. AIT (allergen immunotherapy): a 
model for the “precision medicine”. Clin Mol Allergy 2015;13:24.

14.  Canonica GW, Bachert C, Hellings P, Ryan D, Valovirta E, Wickman 
M, et al. Allergen Immunotherapy (AIT): a prototype of precision 
medicine. World Allergy Organ J 2015;8:31.

15.  Bjermer L. Time for a paradigm shift in asthma treatment: from re-
lieving bronchospasm to controlling systemic inflammation. J Al-
lergy Clin Immunol 2007;120:1269-75.

16.  Baird B, Shopes RJ, Oi VT, Erickson J, Kane P, Holowka D. Interac-
tion of IgE with its high-affinity receptor. Structural basis and re-
quirements for effective cross-linking. Int Arch Allergy Appl Immu-

Fig. 3. New findings in asthma therapy increase possibility of therapy approach 
as well as costs.



Ferrando et al.

Allergy Asthma Immunol Res. 2017 January;9(1):15-24. https://doi.org/10.4168/aair.2017.9.1.15

Volume 9, Number 1, January 2017

22  http://e-aair.org

nol 1989;88:23-8.
17.  Hams E, Armstrong ME, Barlow JL, Saunders SP, Schwartz C, 

Cooke G, et al. IL-25 and type 2 innate lymphoid cells induce pul-
monary fibrosis. Proc Natl Acad Sci U S A 2014;111:367-72.

18.  Busse W, Corren J, Lanier BQ, McAlary M, Fowler-Taylor A, Cioppa 
GD, et al. Omalizumab, anti-IgE recombinant humanized mono-
clonal antibody, for the treatment of severe allergic asthma. J Aller-
gy Clin Immunol 2001;108:184-90.

19.  Sorkness CA, Wildfire JJ, Calatroni A, Mitchell HE, Busse WW, 
O’Connor GT, et al. Reassessment of omalizumab-dosing strate-
gies and pharmacodynamics in inner-city children and adoles-
cents. J Allergy Clin Immunol Pract 2013;1:163-71.

20.  Humbert M, Beasley R, Ayres J, Slavin R, Hébert J, Bousquet J, et al. 
Benefits of omalizumab as add-on therapy in patients with severe 
persistent asthma who are inadequately controlled despite best 
available therapy (GINA 2002 step 4 treatment): INNOVATE. Aller-
gy 2005;60:309-16.

21.  Busse WW, Morgan WJ, Gergen PJ, Mitchell HE, Gern JE, Liu AH, et 
al. Randomized trial of omalizumab (anti-IgE) for asthma in inner-
city children. N Engl J Med 2011;364:1005-15.

22.  Rodrigo GJ, Neffen H, Castro-Rodriguez JA. Efficacy and safety of 
subcutaneous omalizumab vs placebo as add-on therapy to corti-
costeroids for children and adults with asthma: a systematic re-
view. Chest 2011;139:28-35.

23.  Global Initiative for Asthma [Internet]. [cited 2016 Jan 20]. Avail-
able from: www.ginasthma.org.

24.  Hanania NA, Wenzel S, Rosén K, Hsieh HJ, Mosesova S, Choy DF, 
et al. Exploring the effects of omalizumab in allergic asthma: an 
analysis of biomarkers in the EXTRA study. Am J Respir Crit Care 
Med 2013;187:804-11.

25.  Arm JP, Bottoli I, Skerjanec A, Floch D, Groenewegen A, Maahs S, 
et al. Pharmacokinetics, pharmacodynamics and safety of QGE031 
(ligelizumab), a novel high-affinity anti-IgE antibody, in atopic 
subjects. Clin Exp Allergy 2014;44:1371-85.

26.  Gauvreau GM, Harris JM, Boulet LP, Scheerens H, Fitzgerald JM, 
Putnam WS, et al. Targeting membrane-expressed IgE B cell recep-
tor with an antibody to the M1 prime epitope reduces IgE produc-
tion. Sci Transl Med 2014;6:243ra85.

27.  O’Byrne PM, Inman MD, Parameswaran K. The trials and tribula-
tions of IL-5, eosinophils, and allergic asthma. J Allergy Clin Immu-
nol 2001;108:503-8.

28.  Bel EH, Wenzel SE, Thompson PJ, Prazma CM, Keene ON, Yancey 
SW, et al. Oral glucocorticoid-sparing effect of mepolizumab in eo-
sinophilic asthma. N Engl J Med 2014;371:1189-97.

29.  Pavord ID, Korn S, Howarth P, Bleecker ER, Buhl R, Keene ON, et 
al. Mepolizumab for severe eosinophilic asthma (DREAM): a mul-
ticentre, double-blind, placebo-controlled trial. Lancet 2012;380: 
651-9.

30.  Kim S, Marigowda G, Oren E, Israel E, Wechsler ME. Mepolizumab 
as a steroid-sparing treatment option in patients with Churg-
Strauss syndrome. J Allergy Clin Immunol 2010;125:1336-43.

31.  Rothenberg ME, Klion AD, Roufosse FE, Kahn JE, Weller PF, Simon 
HU, et al. Treatment of patients with the hypereosinophilic syn-
drome with mepolizumab. N Engl J Med 2008;358:1215-28.

32.  Gevaert P, Van Bruaene N, Cattaert T, Van Steen K, Van Zele T, Acke 
F, et al. Mepolizumab, a humanized anti-IL-5 mAb, as a treatment 
option for severe nasal polyposis. J Allergy Clin Immunol 2011;128: 
989-995.e1-8.

33.  Stein ML, Collins MH, Villanueva JM, Kushner JP, Putnam PE, 

Buckmeier BK, et al. Anti-IL-5 (mepolizumab) therapy for eosino-
philic esophagitis. J Allergy Clin Immunol 2006;118:1312-9.

34.  Oldhoff JM, Darsow U, Werfel T, Katzer K, Wulf A, Laifaoui J, et al. 
Anti-IL-5 recombinant humanized monoclonal antibody (mepoli-
zumab) for the treatment of atopic dermatitis. Allergy 2005;60:693-6.

35.  Castro M, Zangrilli J, Wechsler ME, Bateman ED, Brusselle GG, 
Bardin P, et al. Reslizumab for inadequately controlled asthma 
with elevated blood eosinophil counts: results from two multicen-
tre, parallel, double-blind, randomised, placebo-controlled, phase 
3 trials. Lancet Respir Med 2015;3:355-66.

36.  Castro M, Wenzel SE, Bleecker ER, Pizzichini E, Kuna P, Busse WW, 
et al. Benralizumab, an anti-interleukin 5 receptor alpha monoclo-
nal antibody, versus placebo for uncontrolled eosinophilic asth-
ma: a phase 2b randomised dose-ranging study. Lancet Respir 
Med 2014;2:879-90.

37.  Kolbeck R, Kozhich A, Koike M, Peng L, Andersson CK, Damsch-
roder MM, et al. MEDI-563, a humanized anti-IL-5 receptor alpha 
mAb with enhanced antibody-dependent cell-mediated cytotoxic-
ity function. J Allergy Clin Immunol 2010;125:1344-1353.e2.

38.  Spergel JM, Rothenberg ME, Collins MH, Furuta GT, Markowitz JE, 
Fuchs G 3rd, et al. Reslizumab in children and adolescents with eo-
sinophilic esophagitis: results of a double-blind, randomized, pla-
cebo-controlled trial. J Allergy Clin Immunol 2012;129:456-63, 463.
e1-3.

39.  Gevaert P, Lang-Loidolt D, Lackner A, Stammberger H, Staudinger 
H, Van Zele T, et al. Nasal IL-5 levels determine the response to an-
ti-IL-5 treatment in patients with nasal polyps. J Allergy Clin Im-
munol 2006;118:1133-41.

40.  Brightling CE, Bleecker ER, Panettieri RA Jr, Bafadhel M, She D, 
Ward CK, et al. Benralizumab for chronic obstructive pulmonary 
disease and sputum eosinophilia: a randomised, double-blind, 
placebo-controlled, phase 2a study. Lancet Respir Med 2014;2:891-
901.

41.  Varricchi G, Bagnasco D, Borriello F, Heffler E, Canonica GW. IL-5 
pathway inhibition in the treatment of eosinophilic respiratory dis-
orders: evidence and unmet needs. Curr Opin Allergy Clin Immu-
nol 2016;16:186-200.

42.  Lötvall J, Akdis CA, Bacharier LB, Bjermer L, Casale TB, Custovic A, 
et al. Asthma endotypes: a new approach to classification of dis-
ease entities within the asthma syndrome. J Allergy Clin Immunol 
2011;127:355-60.

43.  De Ferrari L, Chiappori A, Bagnasco D, Riccio AM, Passalacqua G, 
Canonica GW. Molecular phenotyping and biomarker develop-
ment: are we on our way towards targeted therapy for severe asth-
ma? Expert Rev Respir Med 2016;10:29-38.

44.  Chiappori A, De Ferrari L, Folli C, Mauri P, Riccio AM, Canonica 
GW. Biomarkers and severe asthma: a critical appraisal. Clin Mol 
Allergy 2015;13:20.

45.  van den Toorn LM, Overbeek SE, de Jongste JC, Leman K, Hoogst-
eden HC, Prins JB. Airway inflammation is present during clinical 
remission of atopic asthma. Am J Respir Crit Care Med 2001;164: 
2107-13.

46.  Sippel JM, Holden WE, Tilles SA, O’Hollaren M, Cook J, Thukkani N, 
et al. Exhaled nitric oxide levels correlate with measures of disease 
control in asthma. J Allergy Clin Immunol 2000;106:645-50.

47.  Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, Lundberg 
JO, et al. An official ATS clinical practice guideline: interpretation of 
exhaled nitric oxide levels (FENO) for clinical applications. Am J 
Respir Crit Care Med 2011;184:602-15.



Personalized Medicine in Allergy

Allergy Asthma Immunol Res. 2017 January;9(1):15-24. https://doi.org/10.4168/aair.2017.9.1.15

AAIR

http://e-aair.org  23

48.  Ricciardolo FL, Sorbello V, Ciprandi G. FeNO as biomarker for 
asthma phenotyping and management. Allergy Asthma Proc 2015; 
36:e1-8.

49.  Horváth I, Hunt J, Barnes PJ, Alving K, Antczak A, Baraldi E, et al. 
Exhaled breath condensate: methodological recommendations 
and unresolved questions. Eur Respir J 2005;26:523-48.

50.  Murugan A, Prys-Picard C, Calhoun WJ. Biomarkers in asthma. 
Curr Opin Pulm Med 2009;15:12-8.

51.  Sidhu SS, Yuan S, Innes AL, Kerr S, Woodruff PG, Hou L, et al. Roles 
of epithelial cell-derived periostin in TGF-beta activation, collagen 
production, and collagen gel elasticity in asthma. Proc Natl Acad 
Sci U S A 2010;107:14170-5.

52.  Masuoka M, Shiraishi H, Ohta S, Suzuki S, Arima K, Aoki S, et al. 
Periostin promotes chronic allergic inflammation in response to 
Th2 cytokines. J Clin Invest 2012;122:2590-600.

53.  Corren J, Lemanske RF Jr, Hanania NA, Korenblat PE, Parsey MV, 
Arron JR, et al. Lebrikizumab treatment in adults with asthma. N 
Engl J Med 2011;365:1088-98.

54.  Wu D, Zhou J, Bi H, Li L, Gao W, Huang M, et al. CCL11 as a poten-
tial diagnostic marker for asthma? J Asthma 2014;51:847-54.

55.  Massanari M, Holgate ST, Busse WW, Jimenez P, Kianifard F, Zeldin 
R. Effect of omalizumab on peripheral blood eosinophilia in aller-
gic asthma. Respir Med 2010;104:188-96.

56.  Katz LE, Gleich GJ, Hartley BF, Yancey SW, Ortega HG. Blood eo-
sinophil count is a useful biomarker to identify patients with severe 
eosinophilic asthma. Ann Am Thorac Soc 2014;11:531-6.

57.  Cicardi M, Aberer W, Banerji A, Bas M, Bernstein JA, Bork K, et al. 
Classification, diagnosis, and approach to treatment for angioede-
ma: consensus report from the Hereditary Angioedema Interna-
tional Working Group. Allergy 2014;69:602-16.

58.  Lin RY, Cannon AG, Teitel AD. Pattern of hospitalizations for angio-
edema in New York between 1990 and 2003. Ann Allergy Asthma 
Immunol 2005;95:159-66.

59.  Bas M, Greve J, Strassen U, Khosravani F, Hoffmann TK, Kojda G. 
Angioedema induced by cardiovascular drugs: new players join 
old friends. Allergy 2015;70:1196-200.

60.  Cicardi M, Agostoni A. Hereditary angioedema. N Engl J Med 1996; 
334:1666-7.

61.  Longhurst H, Cicardi M. Hereditary angio-oedema. Lancet 2012; 
379:474-81.

62.  Loffredo S, Bova M, Suffritti C, Borriello F, Zanichelli A, Petraroli A, 
et al. Elevated plasma levels of vascular permeability factors in C1 
inhibitor-deficient hereditary angioedema. Allergy. Forthcoming 
2016.

63.  Donaldson VH, Rosen FS. Action of complement in hereditary an-
gioneurotic edema: the role of c’1-esterase. J Clin Invest 1964;43: 
2204-13.

64.  Nagy N, Grattan CE, McGrath JA. New insights into hereditary an-
gio-oedema: molecular diagnosis and therapy. Australas J Derma-
tol 2010;51:157-62.

65.  Bafunno V, Bova M, Loffredo S, Divella C, Petraroli A, Marone G, et 
al. Mutational spectrum of the c1 inhibitor gene in a cohort of Ital-
ian patients with hereditary angioedema: description of nine novel 
mutations. Ann Hum Genet 2014;78:73-82.

66. Pappalardo E, Cicardi M, Duponchel C, Carugati A, Choquet S, 
Agostoni A, et al. Frequent de novo mutations and exon deletions 
in the C1inhibitor gene of patients with angioedema. J Allergy Clin 
Immunol 2000;106:1147-54.

67.  Bygum A, Fagerberg CR, Ponard D, Monnier N, Lunardi J, Drouet C. 

Mutational spectrum and phenotypes in Danish families with he-
reditary angioedema because of C1 inhibitor deficiency. Allergy 
2011;66:76-84.

68.  Zanichelli A, Magerl M, Longhurst H, Fabien V, Maurer M. Heredi-
tary angioedema with C1 inhibitor deficiency: delay in diagnosis in 
Europe. Allergy Asthma Clin Immunol 2013;9:29.

69.  Caballero T, Aygören-Pürsün E, Bygum A, Beusterien K, Hautama-
ki E, Sisic Z, et al. The humanistic burden of hereditary angioede-
ma: results from the Burden of Illness Study in Europe. Allergy 
Asthma Proc 2014;35:47-53.

70.  Betschel S, Badiou J, Binkley K, Hébert J, Kanani A, Keith P, et al. 
Canadian hereditary angioedema guideline. Allergy Asthma Clin 
Immunol 2014;10:50.

71.  Li HH, Moldovan D, Bernstein JA, Reshef A, Porebski G, Stobiecki 
M, et al. Recombinant human-C1 inhibitor is effective and safe for 
repeat hereditary angioedema attacks. J Allergy Clin Immunol 
Pract 2015;3:417-23.

72.  Longhurst HJ, Aberer W, Bouillet L, Caballero T, Fabien V, Za-
nichelli A, et al. Analysis of characteristics associated with reinjec-
tion of icatibant: results from the icatibant outcome survey. Allergy 
Asthma Proc 2015;36:399-406.

73.  Petraroli A, Squeglia V, Di Paola N, Barbarino A, Bova M, Spanò R, 
et al. Home therapy with plasma-derived C1 inhibitor: a strategy to 
improve clinical outcomes and costs in hereditary angioedema. Int 
Arch Allergy Immunol 2015;166:259-66.

74.  Cicardi M, Levy RJ, McNeil DL, Li HH, Sheffer AL, Campion M, et 
al. Ecallantide for the treatment of acute attacks in hereditary an-
gioedema. N Engl J Med 2010;363:523-31.

75.  Riedl MA. Critical appraisal of androgen use in hereditary angio-
edema: a systematic review. Ann Allergy Asthma Immunol 2015; 
114:281-288.e7.

76.  Freda MF, Savarese L, Bova M, De Falco R, De Luca Picione R, 
Galante A, et al. Stress and psychological factors in the variable 
clinical phenotype of hereditary angioedema: a pilot study. Pediatr 
Allergy Immunol Pulmonol 2016;29:6-12.

77.  Cooke A, Bulkhi A, Casale TB. Role of biologics in intractable urti-
caria. Biologics 2015;9:25-33.

78.  Chang TW, Chen C, Lin CJ, Metz M, Church MK, Maurer M. The 
potential pharmacologic mechanisms of omalizumab in patients 
with chronic spontaneous urticaria. J Allergy Clin Immunol 2015; 
135:337- 342.e2.

79.  Maurer M, Rosén K, Hsieh HJ, Saini S, Grattan C, Gimenéz-Arnau A, 
et al. Omalizumab for the treatment of chronic idiopathic or spon-
taneous urticaria. N Engl J Med 2013;368:924-35.

80.  Strunk RC, Bloomberg GR. Omalizumab for asthma. N Engl J Med 
2006;354:2689-95.

81.  Detoraki A, Di Capua L, Varricchi G, Genovese A, Marone G, Spad-
aro G. Omalizumab in patients with eosinophilic granulomatosis 
with polyangiitis: a 36-month follow-up study. J Asthma 2016;53: 
201-6.

82.  Menzella F, Piro R, Facciolongo N, Castagnetti C, Simonazzi A, 
Zucchi L. Long-term benefits of omalizumab in a patient with se-
vere non-allergic asthma. Allergy Asthma Clin Immunol 2011;7:9.

83.  de Llano LP, Vennera MC, Álvarez FJ, Medina JF, Borderías L, Pelli-
cer C, et al. Effects of omalizumab in non-atopic asthma: results 
from a Spanish multicenter registry. J Asthma 2013;50:296-301.

84.  Lavaud F, Bonniaud P, Dalphin JC, Leroyer C, Muller D, Tannous R, 
et al. Usefulness of omalizumab in ten patients with severe occu-
pational asthma. Allergy 2013;68:813-5.



Ferrando et al.

Allergy Asthma Immunol Res. 2017 January;9(1):15-24. https://doi.org/10.4168/aair.2017.9.1.15

Volume 9, Number 1, January 2017

24  http://e-aair.org

85.  Tanou K, Zintzaras E, Kaditis AG. Omalizumab therapy for allergic 
bronchopulmonary aspergillosis in children with cystic fibrosis: a 
synthesis of published evidence. Pediatr Pulmonol 2014;49:503-7.

86.  Jat KR, Walia DK, Khairwa A. Anti-IgE therapy for allergic broncho-
pulmonary aspergillosis in people with cystic fibrosis. Cochrane 
Database Syst Rev 2015;11:CD010288.

87.  Hotze M, Baurecht H, Rodríguez E, Chapman-Rothe N, Ollert M, 
Fölster-Holst R, et al. Increased efficacy of omalizumab in atopic 
dermatitis patients with wild-type filaggrin status and higher se-
rum levels of phosphatidylcholines. Allergy 2014;69:132-5.

88.  Yu KK, Crew AB, Messingham KA, Fairley JA, Woodley DT. Omali-
zumab therapy for bullous pemphigoid. J Am Acad Dermatol 2014; 
71:468-74.

89.  Kuehr J, Brauburger J, Zielen S, Schauer U, Kamin W, Von Berg A, 
et al. Efficacy of combination treatment with anti-IgE plus specific 
immunotherapy in polysensitized children and adolescents with 
seasonal allergic rhinitis. J Allergy Clin Immunol 2002;109:274-80.

90.  Gevaert P, Calus L, Van Zele T, Blomme K, De Ruyck N, Bauters W, 
et al. Omalizumab is effective in allergic and nonallergic patients 
with nasal polyps and asthma. J Allergy Clin Immunol 2013;131: 
110-116.e1.

91.  Pinto JM, Mehta N, DiTineo M, Wang J, Baroody FM, Naclerio RM. 
A randomized, double-blind, placebo-controlled trial of anti-IgE 
for chronic rhinosinusitis. Rhinology 2010;48:318-24.

92.  Kanazawa H, Yoshida N, Iino Y. New insights into eosinophilic oti-
tis media. Curr Allergy Asthma Rep 2015;15:76.

93.  Iino Y, Hara M, Hasegawa M, Matsuzawa S, Shinnabe A, Kanazawa 
H, et al. Clinical efficacy of anti-IgE therapy for eosinophilic otitis 
media. Otol Neurotol 2012;33:1218-24.

94.  Iino Y, Hara M, Hasegawa M, Matsuzawa S, Shinnabe A, Kanazawa 
H, et al. Effect of omalizumab on biomarkers in middle ear effusion 
in patients with eosinophilic otitis media. Acta Otolaryngol 2014; 
134:366-72.

95.  Massanari M, Nelson H, Casale T, Busse W, Kianifard F, Geba GP, et 
al. Effect of pretreatment with omalizumab on the tolerability of 
specific immunotherapy in allergic asthma. J Allergy Clin Immu-
nol 2010;125:383-9.

96.  Bégin P, Dominguez T, Wilson SP, Bacal L, Mehrotra A, Kausch B, 
et al. Phase 1 results of safety and tolerability in a rush oral immu-
notherapy protocol to multiple foods using omalizumab. Allergy 
Asthma Clin Immunol 2014;10:7.

97.  Savage JH, Courneya JP, Sterba PM, Macglashan DW, Saini SS, 
Wood RA. Kinetics of mast cell, basophil, and oral food challenge 
responses in omalizumab-treated adults with peanut allergy. J Al-
lergy Clin Immunol 2012;130:1123-1129.e2.

98.  Bagnasco D, Ferrando M, Varricchi G, Passalacqua G, Canonica 
GW. A critical evaluation of anti-Il-13 and Il-4 strategy in severe 
asthma. Int Arch Allergy Imm. Forthcoming 2016.

99.  Braido F, Corsico A, Rogkakou A, Ronzoni V, Baiardini I, Canonica 
GW. The relationship between allergen immunotherapy and omal-
izumab for treating asthma. Expert Rev Respir Med 2015;9:129-34.


