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Introduced a century ago and practiced in essentially the same way ever since, treating patients with allergen immunotherapy has withstood both scientific rigor and competition from a slew of more “sophisticated” potential magic bullets. With the continuing rise in prevalence of allergic diseases, including an astounding increase in food allergy in the past 2 decades, our old friend is alive, well, and as relevant as ever.


Optimizing and diversifying immunotherapy approaches have progressed rapidly in recent years, including evaluating alternative allergen forms and routes of exposure. These include several FDA-approved sublingual aeroallergen immunotherapy products and ongoing FDA clinical trials evaluating epicutaneous and oral immunotherapy products for food allergy, intradermal peptide immunotherapy to aeroallergens, and intranodal immunotherapy to aeroallergens. In addition, there has been continued interest in improving the convenience, duration, and durability of subcutaneous immunotherapy, including coadministration of adjuvants such as anti-thymic stromal lymphopoietin.


In this issue of Immunology and Allergy Clinics of North America, coeditors Linda Cox and Anna Nowak-Węgrzyn have done a masterful job of assembling state-of-the-art reviews that span a variety of practical and scientific topics relating to inhalant and/or food allergen immunotherapy. I am confident that this issue will be a valuable resource, whether for the practicing allergist catching up with an “old friend,” a clinical scientist seeking a cutting edge review, or a Fellow-in-training who may be learning about immunotherapy for the first time.







Preface

Allergen-specific Immunotherapy—Turning the Tables on the Immune System



Anna H. Nowak-Węgrzyn, MD


Icahn School of Medicine at Mount Sinai, Jaffe Family Food Allergy Institute, One Gustave Levy Place, Box 1198, New York, NY 10029, USA, E-mail: anna.nowak-wegrzyn@mssm.edu


Linda S. Cox, MD


Department of Medicine, Nova Southeastern University Davie Florida, 5333 North Dixie Highway, Ft. Lauderdale, FL 33334, USA, E-mail: lindaswolfcox@msn.com
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Allergic disorders have emerged as a major global public health problem.1 The initial epidemics of asthma, allergic rhinitis, followed by atopic dermatitis, food allergy, and anaphylaxis have predominantly affected the developed counties with a “western lifestyle.”2–4 It is estimated that up to 30% of the general population is affected by at least one allergic condition, posing a significant global socioeconomic burden.5 In the past decade, allergic disorders have been increasingly recognized in South America, Asia, and Africa. These countries are currently experiencing a rise in the respiratory allergic disorders; it is anticipated that food allergy and anaphylaxis will soon also become more prevalent.6 Among the various therapeutic options for allergic disorders, allergen-specific immunotherapy (AIT) has the unique potential to induce desensitization and long-lasting tolerance.7–9 The current issue of the Immunology and Allergy Clinics of North America is devoted to the specific immunotherapy with aeroallergens and foods. It provides a comprehensive “bench-to-bedside” review of AIT with 14 articles that explore a number of AIT topics, including mechanisms, current and future approaches, as well as practical considerations and challenges related to adherence, identifying responders, and assessing outcomes.


This issue begins with an overview of the more than 100-year history of AIT written by Passalacqua and Canonica, which also discusses recent regulatory changes and allergy diagnostic testing advances likely to impact future AIT. In 1908, Schofield reported successful oral desensitization to raw egg in a teenage boy with anaphylactic egg allergy.10 Subcutaneous allergen-specific immunotherapy (SCIT) for the treatment of hay fever was introduced by Leonard Noon in 1911.11 Epicutaneous immunotherapy (EPIT) as a treatment for allergies was introduced in 1917, and the first case of successful EPIT was reported in 1921 by Vallery-Radot and Hangenau, who found that allergen administration onto scarified skin reduced systemic allergic symptoms in patients allergic to horses.12,13 A decade later, intradermal allergen-specific immunotherapy was shown to be safe and highly efficacious, leading to allergic rhinitis symptom relief after administration of only three doses of pollen.14,15 Sublingual immunotherapy (SLIT) was introduced in the 1990s. In this issue, Nelson and colleagues compare SLIT with SCIT and conclude that SLIT has a superior safety profile, but available evidence suggests superior short-term efficacy with SCIT.


In 2008, the results of the first clinical trial of intra-inguinal lymhphatic immunotherapy (ILIT) were published by Senti and colleagues,16 who explore the use of this and other novel delivery routes for aeroallergen allergy in this issue. The safety and efficacy of oral immunotherapy (OIT), SLIT, and EPIT for food allergies are reviewed in two articles in this issue written by Fleisher and colleagues and Vickery and Wood.


The mechanisms of aeroallergen and food AIT are covered in articles by Mübeccel and Cezmi Akdis and Berin and Shreffler, respectively. Comparison among the different routes of AIT is presented in Table 1. Probably the most important differences are the antigen uptake and processing and the total dose. Sublingual and epicutaneous routes appear to have specific advantages due to the presence of resident tolerogenic dendritic cell subsets in the sublingual mucosa and in the skin. OIT utilizes the GALT pathways that underlie physiologic responses to food antigens and oral tolerance. ILIT delivers allergens directly to the lymph nodes with minimal likelihood of systemic dissemination.




Table 1


Comparison of different routes of allergen-specific immunotherapy










	 
	SCIT

	SLIT

	OIT

	EPIT

	ILIT









	Allergens

	Aeroallergens, venom

	Aeroallergens, food, latex

	Foods

	
Aeroallergens: grass pollen, dust mites, cat dander


Foods: milk, peanut



	Grass pollen, MHC class II-targeting cat dander (MAT-Fel d 1)





	Dose

	Micrograms

	Micrograms (aeroallergens) - miligrams (foods)

	Grams

	Micrograms

	Micrograms (1000-fold less than in SCIT)





	Up dosing

	Initial dose escalation can be rush or gradual every 1–2 wk

	No

	Initial rapid dose escalation over 1 day, followed by up-dosing every 2 wk

	No

	No





	Dosing interval

	Variable, usually maintenance every 4 wk

	Daily

	Daily

	Daily

	3 injections every 4 wk are equivalent to 3 y of SCIT





	Allergen uptake

	Subcutaneous dendritic cells

	Oral mucosal uptake by Langerhans cells

	Intestinal mucosal uptake by dendritic cells

	Allergens are captured within the superficial layers of intact stratum corneum by Langerhans cells subpopulation of dendritic cells expressing the langerin-specific surface marker cytotoxic T lymphocyte-associated antigen 4

	Antigen-presenting cells in the inguinal lymph nodes





	Safety/side effects

	Most commonly local reactions (induration, erythema) at the site of injection, uncommonly anaphylaxis

	Local, mild oropharyngeal

	Most commonly mild oropharyngeal and gastrointestinal; systemic reactions may occur in the setting of fever, infection, exercise, or asthma flare

	Local skin irritation, eczema, hives, and gastrointestinal (diarrhea)

	Infrequent mild urticaria and angioedema
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Regardless of the route of antigen delivery, successful AIT is associated with the induction of Treg cells, modulation of T- and B-cell responses, skewing of allergen specific–antibody isotype from IgE to IgG4 predominance, early desensitization (increased threshold for activation) of mast cells and basophils, and decreased numbers and activation of eosinophils and mast cells in the tissues.17–22 Local induction of Treg cells in the nasal mucosa in response to AIT has been observed in allergic rhinitis patients.23 Allergen-specific Treg cells produce IL-10 and TGF-β cytokines that suppress proliferative and cytokine responses against major allergens and their recognition sites.24,25 An alternative mechanism of tolerance is deletion of allergen-specific T helper 2 (Th2) cells as a consequence of repeated high-dose allergen exposure.26 IL-10 promotes a noninflammatory phenotype. Serum levels of IgE decrease gradually, while allergen-specific IgG4, referred to as blocking antibodies, increase during AIT, which is the result of class-switching of B cells from IgE to IgG4. IgG4 competes with Fcε receptor-bound IgE for binding allergens, which limits activation and degranulation of mast cells and basophils. IgG4 has important roles in limiting the activation of CD4+ T cells, by inhibition of CD23-mediated IgE-facilitated antigen presentation.22,27–35


In addition to exploring different routes of allergen administration, modifications of native allergens are being actively investigated to enhance safety and efficacy of AIT. Allergenic peptides and various forms of recombinant allergens (hypoallergens, dimers, trimers, and fusion proteins) have been shown to control allergic inflammation by inducing inhibitory antibodies. These novel AIT therapies are discussed in the article by Creticos on AIT vaccine modification.


Efficacy and safety of AIT can be also enhanced by the use of the adjuvants that skew the immune response toward T helper 1, which downregulates the allergic Th2 inflammation. Various adjuvants have been studied, including alum, toll-like receptor agonists, probiotics, and nanoparticles.36–40 Current and novel AIT adjuvants are reviewed in the article by Schmidt-Weber and Chesné.


Following the AIT studies focusing on the aeroallergens and venom, in the past decade, food allergy has become a prime target for immunomodulation. OIT, SLIT, and EPIT are being currently investigated in clinical trials for milk, egg, and peanut allergy.41 Pretreatment with anti-IgE antibody (omalizumab) has been shown to increase safety of the up-dosing during OIT.42 Multifood OIT has been shown to have a comparable safety profile to a single-food OIT, opening a new venue for patients with multiple food allergies.41 As an alternative to AIT, diets containing extensively heated (baked) cow’s milk and hen’s egg are well-tolerated by the majority of the milk and egg-allergic children, and they appear to accelerate development of tolerance to unheated milk and egg, and have already changed the paradigm of strict dietary avoidance for cow milk and hen’s egg allergy management.43 Leonard and Nowak-Węgrzyn discuss this approach.


Practical aspects of AIT are also covered in the issue:




[image: ent] Identifying biomarkers to predict and monitor response (Moingeon)


[image: ent] Outcome measures for assessing AIT efficacy, the magnitude of improvement that is clinically significant, and unmet needs (Demoly, Bousquet)


[image: ent] Use of component-resolved diagnosis to guide AIT prescription (Kleine-Tebbe, Matricardi)


[image: ent] Adherence challenges and strategies for improvement (Bender, Lockey)





Considering the unique disease-modifying potential of AIT, it will remain an attractive therapeutic approach to allergic disorders. Currently, SCIT and SLIT are approved for clinical use, whereas OIT, EPIT, and ILIT remain in the sphere of clinical research. The improvements increasing efficacy, safety, and treatment adherence in AIT are needed to take the full advantage of the beneficial immunomodulation afforded by AIT. This issue of Immunology and Allergy Clinics of North America provides a wide-ranging review of the “art and science” of current AIT practice and a preview into possible future approaches.
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Allergen immunotherapy (AIT) was introduced in clinical practice more than 100 years ago. The clinical effectiveness in allergic rhinitis (and asthma) and in hymenoptera allergy was apparent early on but it was not until the mid-1900s that randomized placebo-controlled trials proved its efficacy. In the 1980s, sublingual immunotherapy (SLIT) was accepted in official guidelines. The availability of safer routes, such as SLIT, prompted increasing investigation of AIT for food allergy. The introduction of molecular-based diagnosis introduced the possibility of better targeted prescription of AIT. Other approaches are being explored, such as immunogenic peptides, recombinant allergens, and adjuvants.
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Key points



• Allergen immunotherapy (AIT) is a cornerstone in the management of respiratory allergic diseases because it is allergen-specific and immunomodulating and may affect disease progression.

• Sublingual immunotherapy (SLIT) represents a significant advance, offering patients an excellent safety and acceptance profile.

• From a historical viewpoint, in the past three decades there has been an impressive development in this form of treatment, which has lasted more than 100 years.

• The most promising fields are the use of AIT in food allergy, preventative effects, and improvement of routes of administration and standardization of extracts and protocols.





The historical perspective

AIT was introduced into clinical practice more than a century ago by Leonard Noon,1 with the aim of “vaccinating” against hypothetical “aerogenic toxins”. Despite the wrong rationale, the subcutaneous immunotherapy (SCIT) with pollen extracts was effective in reducing hay fever symptoms. Subsequently, the use of SCIT gradually increased and was progressively extended to other allergens. SCIT remained the only mode of administration for more than 70 years, and its use remained totally empirical until 1965 when IgE was discovered (Fig. 1).2 The first randomized controlled study on AIT was published in 1954 by Frankland and Augustin,3 and a few years later, Johnstone and Dutton4 suggested that AIT could modify the natural history of respiratory allergy, but this fact was not considered for another 40 years. In 1978, the first randomized, double-blinded, placebo-controlled (RDBPC) trial with AIT for hymenoptera venom allergy appeared,5 showing the superiority of purified venoms over whole-body extracts. This was followed by numerous other trials substantially confirming the efficacy and safety of venom immunotherapy (VIT),6 now widely used and well standardized in procedures.


[image: image]
Fig. 1 The history of AIT. ARIA, Allergic Rhinitis and its Impact on Asthma; CSM, Committee on the Safety of Medicines; ITS, immunotherapies; Pos Pap, Position Paper; WAO, World Allergy Organization.



It became clear that SCIT with respiratory allergens involved a certain risk of severe or even fatal adverse events,7 as established by the UK Committee on Safety of Medicines in 1986.8 Many AIT adverse events are due to human errors, but some adverse events are unpredictable and unavoidable.9,10 This fact prompted the search for safer routes of administration of AIT. Among the proposed routes, SLIT rapidly established scientific credibility and soon remained the most viable alternative to SCIT. Other routes of administration had been proposed: the local bronchial during the 1950s, the local nasal during the 1970s, and the oral at the beginning of the 1980s (for review see Canonica and Passalacqua11). The results of clinical trials demonstrated that the efficacy of oral and bronchial routes is unproved and the risk/benefit ratio is unfavorable; thus, these routes of administration were abandoned, although there is currently a renewed interest for the oral route in the desensitization for food allergy. The local nasal immunotherapy proved effective for allergic rhinitis but because of the impractical administration technique, its clinical use rapidly declined.


The first randomized, double-blind, placebo-controlled trial with SLIT appeared in 1986,12 and it was followed by numerous other trials which, although conducted in small samples, substantially confirmed the efficacy of this route. SLIT was first mentioned as a possible alternative to SCIT in a World Health Organization position paper13 in 1998, and its role in clinical practice was confirmed in the subsequent official documents.14,15


In the meanwhile, other relevant advances about AIT appeared. Among the most important were the discovery of the helper T cell (TH1/TH2) system,16 the re-evaluation of the role of IgG4 as blocking antibodies,17 and the description of the regulatory T cells.18,19 The improved knowledge of the mechanisms of action20 allowed for the introduction of new approaches, such as the use of adjuvants (currently some products are commercialized) and the use of antigenic peptides and the recombinant allergens. In parallel, other specific aspects began to be investigated, namely the preventive effect on the development of asthma, that was demonstrated for both SCIT and SLIT, although in open trials and with relatively small populations.21–23


In the past decade, the efficacy of SLIT was clearly confirmed in the so-called big trials, which included hundreds (usually from 250 to more than 800) of patients. Some of those trials involved a dose-ranging design24–29 and therefore allowed identification of the optimal maintenance dose for each of the tested products, at least for the relevant allergens (grass, mite, and ragweed). There is 1 single dose-ranging large trial performed with SCIT.30 The introduction of fast-dissolving tablets for SLIT further improved the convenience. The official acceptance of SLIT culminated in 2009 with the publication of a first position paper prepared by the World Allergy Organization,31 including 60 RDBPC trials, followed by an updated version with 77 trials.32 During 2014, the Food and Drug Administration (FDA), approved 3 SLIT tablet products to be marketed in the United States.33



The present situation


Practical Aspects

To date, the practice of AIT is standardized, and numerous official position papers and practice parameters are available worldwide (Table 1). In particular, hymenoptera VIT, although there are different extracts available, is well standardized and its practice is uniform.




Table 1


The main position papers and guidelines on allergen immunotherapy










	Year

	Organization

	Type of Allergen Immunotherapy

	Reference









	1998

	World Health Organization

	SCIT/SLIT

	Ann Allergy Asthma Immunol 1998;81(5 Pt 1):401–5.





	1998

	European Academy of Allergy and Clinical Immunology

	Non injection routes

	Allergy 1998;53:933–44.





	2001

	Allergic Rhinitis and its Impact on Asthma

	SCIT/SLIT

	J Allergy Clin Immunol 2001;108(5 Suppl):S147–334.





	2005

	European Academy of Allergy and Clinical Immunology

	VIT

	Allergy 2005;60:1459–70.





	2007

	American Academy of Allergy, Asthma & Immunology/American College of Allergy, Asthma & Immunology

	SCIT

	J Allergy Clin Immunol 2007;120(Suppl):S25–85, IV.





	2008

	Allergic Rhinitis and its Impact on Asthma

	SCIT/SLIT

	Allergy 2008;63(Suppl 86):8–160.





	2009

	World Allergy Organization

	SLIT

	Allergy 2009;64(Suppl 91):1–59.





	2011

	American Academy of Allergy, Asthma & Immunology/American College of Allergy, Asthma & Immunology

	SCIT

	J Allergy Clin Immunol 2011;127(1 Suppl):S1–55.





	2011

	British Society for Allergy and Clinical Immunology

	VIT

	Clin Exp Allergy 2011;41:1201–20.





	2013

	World Allergy Organization

	SLIT

	World Allergy Organ J 2014;7(1):6.













[image: Image]








At variance with SCIT, which is standardized in regimens and protocols, SLIT is affected by numerous variables. It can be administered as drops, monodose vials, or tablets and with variable timings and doses. In particular, the maintenance dose is strictly dependent on the method of standardization, which varies from one manufacturer to another. It is also true that all the products that are officially approved (eg, by the FDA or European Medicines Agency) display the content in micrograms of major allergen(s) per dose. At present, tablets that were first introduced in 1998 as monomeric allergoids34 seem to represent the preferred SLIT formulation because of ease of use. Also, the time interval between each maintenance dose varies from one producer to another (daily, on alternate days, or twice weekly), but the current attitude is to prefer once-a-day administration.35 For pollen allergies, the pre-coseasonal protocol is the most largely used, because its efficacy does not differ from that of the continuous (all-year-long) administration.36,37


Another important and unresolved debate concerns the use of mixtures of allergens. The European view is that AIT is given for no more than 3 allergens in the same patient,38 and the dose of each allergen is given separately. In the United States, the usual practice is multiple allergens mixed together in a single preparation with attention to not mixing allergens that can degradate other proteins.39 This dichotomy has cultural and historical reasons and is attributable to different concentrations of allergen solutions, which are usually higher in the United States products.40 There are few well designed studies that have evaluated and demonstrated the efficacy of allergen mixtures.41 On the contrary, it is now accepted that AIT with a single allergen is effective in polysensitized patients, provided the allergen chosen is responsible for the disease.42 In this regard, the molecular-based diagnosis (molecular allergy) has become a useful tool to refine the prescription of AIT (discussed later).


Other current fields of research in AIT are pharmacoeconomic aspects and adherence. Looking at the published studies, it seems that in the long term both SCIT and SLIT produce economic savings for both patients and health providers.43 This is a result of a combination of reduced drug consumption and health care utilization (direct costs) as well as improvement of the quality of life (indirect costs). In contrast, adherence is a major problem, particularly for SLIT, which is self-administered: although structured studies provided overall favorable results in terms of adherence,44 real-life adherence is reported to be poor,45 although more frequent follow-up of patients seems to increase compliance.46

The Role of Molecular Diagnosis

The IgE response is not generically directed toward an allergenic source but rather to specific proteins (or epitopes) that are contained into the raw material. For instance, the IgE response to grasses is directed to a few proteins (Phl p 1, Phl p 5, an Phl p 6), and the IgE response to mite is specific for the proteins Der p 1, Der p 2, Der f 1, Der f 2, and so forth.47 Such molecules are considered the genuine sensitizers. On the other hand, there are also highly conserved molecules, which are present in different species (eg, profilins, lipid transfer proteins, and storage proteins). They are called pan-allergens or cross-reacting proteins47 and are often responsible for multiple positivities on the standard diagnostic tests. The relevant implications of pan-allergen sensistization may be particularly pertinent in AIT. The molecular diagnosis allows distinction of genuine sensitizations from the positivities due to cross-reacting proteins, thereby refining the choice of the allergen to be used for AIT.48 Several studies have shown that molecular diagnosis significantly modifies the prescription of AIT in polysensitized patients.49,50 Many individual recombinant or purified molecular components for skin testing and immunoassay are available. The multiplexed assay systems allow detecting, in a single analysis, specific IgE toward approximately 130 allergenic molecules.51

Regulatory Aspects

Despite the amount of clinical and mechanistic data on AIT and its consolidated use, the regulatory aspects (pharmacologic classification of products, marketing authorization, national and supranational approval, and deputy regulatory authorities) remain vague and largely differ among countries. Although in the United States and in the European Community (EC), there are well-defined regulatory authorities (FDA, European Medicines Agency, and Paul Ehrlich Institute), in other countries, such as those in Latin America, there is no uniform regulation.52


In Europe, numerous official regulatory documents have been released (for review, see Kaul and colleagues53 and Bonini54), mainly concerning Good Manufacturing Practice. Those documents impose on all members of the EC specific standards for the production of allergen extracts. Within the EC, apart from a few exceptions, allergen extracts are considered named patient products (NPPs), prepared individually according to a physician’s prescription, but almost all extracts are manufactured by industrial procedures. There is a general effort to abolish NPPs, with exceptions of rare allergens or special sensitization profiles, whereas a single preparation should contain in the near future only allergens from homologous groups (trees, grasses, mites, and so forth).53 In addition, for each new product, a registration dossier (from phase I to III) is required for the marketing authorization.


The near future: perspectives

After the introduction of SLI and recent mechanistic studies, there was an impressive advancement in the clinical research on AIT, and new opportunities rapidly appeared (Table 2).




Table 2


The future developments of allergen immunotherapy








	Advancement

	Description

	Comments









	Route of administration

	
ILIT


Epicutaneous


Intradermal



	The ILIT allows short courses of administration with lower doses of antigens. EPIT is totally noninvasive and, therefore, particularly suitable for children.





	Formulation

	
Nanoparticles


Slow release/mucoadhesive



	At early experimental stage, with positive results in animal models





	Extract + adjuvants

	
Bacteria-derived adjuvants


DNA-derived adjuvants



	Bacterial adjuvants already are commercially available for SCIT. Low number of injections. DNA-adjuvants are under experimental investigation, with a single human trial.





	Peptides

	Long or short peptides

	Under investigation, mainly with Fel d 1 allergen





	Molecules

	Recombinant/highly purified sensitizing molecules

	Some trials available in humans. The single molecules seem not to perform better than the crude extracts.





	New indications

	
Food allergy


Atopic dermatitis


Latex allergy


Nickel allergy?



	Despite the existence of numerous trials with positive results, none of these indications is currently approved for clinical practice. Latex SLIT products are commercialized and used.











The current indication for AIT is allergic rhinoconjunctvitis with/without allergic asthma and hymenoptera venom allergy,13,38,39 but for the SLIT tablets approved in the United States, asthma is not an indication. In recent years, many clinical trials have suggested that the indications of AIT can be expanded. In terms of amount of clinical data, the most promising application is food allergy. As discussed elsewhere, there are many clinical trials proving the efficacy of desensitization for cow’s milk, peanut, egg, and some other allergenic foods (for review, see Albin and Nowak-Węgrzyn55 and Jones and colleagues56). Whether administration of gradually increasing amounts of an offending food represents a true AIT or, better, a simple oral induction of tolerance is still not clear. Latex allergy is not an official indication for AIT, although SLIT products are available and commercialized, based on the results of clinical trials.57 The same is true for atopic dermatitis, for which both SLIT and SCIT were demonstrated partially effective, especially if a sensitization to dust mite is present.58,59


According to current knowledge, the goal of AIT is to take the allergen into contact with antigen-presenting cells to develop an immunologic desensitization. This contact can be achieved, in addition to the subcutaneous or sublingual route, by administering an allergen directly into lymph nodes. An innovative clinical trial60 supports this rationale, showing that the intralymphatic immunotherapy (ILIT) requires much lower doses of allergen and fewer injections than the traditional SCIT modality, while maintaining the same efficacy.61 Also, skin is a suitable site for presenting antigens. Epicutaneous immunotherapy (EPIT) has been tested with good results for both aeroallergens and food allergens.62 This route seems particularly suitable in children.


The products commonly used for AIT are crude extracts, derived from allergenic sources (eg, grasses, ragweed, and mite) and, therefore, contain allergenic and nonallergenic proteins and carbohydrates or lipids. They can be improved by adding adjuvants, which provide an additional enhancement of the TH1 response. An organic adjuvant usually stimulates the Toll-like receptors of the innate immunity, which in turn favor the TH1-oriented response.63 Monophosphoryl lipid A, derived from the cell wall of Salmonella minnesota, is proved safe, effective, and capable of reducing the number of injections and the dose of allergen and is currently commercialized. Many other trials with adjuvants are ongoing.64 Also prokaryote-derived oligodenucleotides (CpG sequences) are good adjuvants, because they stimulate the Toll-like receptor 9, with a consequent increase in the TH1 response. Early trials using this approach provided encouraging results,65,66 but the clinical research remains at the initial stage. Another possible manipulation is to give only allergenic fragments, instead of the whole allergenic proteins, because antigen-presenting cells recognize linear sequences; this is called peptide-based immunotherapy. There are so far some promising studies with mixtures of peptides from cat and mite allergens.67


As discussed previously, it is now possible to synthesize (or highly purify) the most relevant single sensitizer proteins. Thus, if identifying for each subject the allergenic components toward which IgE are directed, it would be possible to vaccinate only with those molecules (tailored immunotherapy). Nonetheless, it seems that the use of single genuine sensitizers does not perform better than the raw extracts.68 In addition, the sensitization profile, dissected by molecular diagnosis, is largely variable in each subject.69 Finally, the regulatory authorities require a registration trial for each single allergen product. All those considerations, despite the intriguing immunologic rationale, make this approach so far unfeasible.

Unmet needs and concluding remarks

The body of evidence for SCIT, SLIT, and VIT is robust, as a result of an abundance of clinical and mechanistic trials. Nonetheless, some points to be clarified, and debated aspects are still present (Table 3). For instance, there is a large variability in administration schedules, dosages, and duration of SLIT, which is marketed in numerous countries as NPPs. Only a few products represent exceptions—Oralair (Stallergenes, Antony Cedex, France), Grazax or Grastek (ALK-Abelló, Copenhagen, Denmark), and Ragwitek (Merck, Whitehouse Station, New Jersey)—because they are registered and marketed as pharmaceutical products.70 Another critical point is the standardization. Almost all AIT vaccines commercialized are standardized either biologically or immunologically, based on in-house references. Thus, extracts are labeled in units that differ from one manufacturer to another, and comparison among trials and products is only rarely possible.




Table 3


Main unmet needs in allergen immunotherapy








	Problem

	Comments









	Optimal maintenance dose

	Currently fixed only for grass, ragweed, and mite (soluble tablets, single products). The optimal maintenance dose remains to be clearly defined for the remaining relevant allergens.





	Optimal maintenance regimen

	Is it needed to give an all-year treatment of perennial allergens? Is the pre-coseasonal (coseasonal regimen) more convenient than the continuous one?





	Use of multiple allergens

	Few studies are available. The efficacy of multiple allergens, even mixed, is poorly defined.





	Adherence

	Data about adherence with AIT differ among controlled and real-life studies.





	Standardization of extracts

	The use of in-house references and of different units make the clinical studies not comparable. The potency of the extracts is still yet not well defined.





	Standardization of studies

	Large heterogeneity among clinical trials (design, patients’ selection, dose, duration, and analysis). Reporting is still poor.





	Duration and long-lasting effect

	The optimal duration of an AIT course is not experimentally defined. The demonstration of long-lasting and preventive effects relies on a small number of clinical trials











Again, there is no experimental demonstration that the regimens used are the most appropriate and cost effective, that the pre-coseasonal regimen for pollen allergens is better, or that for perennial allergens a continuous treatment is needed. There is no rigorous study on the optimal duration of an AIT treatment; thus, the current suggestions are only empirical or based on sparse clinical data.71,72 The same is partly true for the preventative effect, demonstration of which is based on only 3 controlled open trials.73 Finally, there is great heterogeneity in clinical trials, which affects the robustness of meta analyses, and the reporting of trials is unsatisfactory.74,75


AIT is a cornerstone in the management of respiratory allergic diseases because it is allergen-specific and immunomodulating and may affect disease progression. SLIT has represented a significant advance, offering patients an excellent safety and acceptance profile. From a historical viewpoint, in the past 3 decades there has been an impressive development of this form of treatment, which has lasted more than 100 years. The most promising fields are the use of AIT in food allergy, the preventative effects, and the improvement of the routes of administration and standardization of extracts and protocols.
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