Allergen immunotherapy for long-term tolerance and prevention

Martin Penagos, MD, MSc and Stephen R. Durham, MD, FRCP



Allergy and Clinical Immunology 
Division of Respiratory Science
National Heart and Lung Institute,
Imperial College London
Royal Brompton Hospital

Corresponding author:

Stephen R. Durham 
NHLI, Imperial College London,
Dovehouse Street
London SW3 6LY

Email: 	 s.durham@imperial.ac.uk
Tel:       	+44(0)207 351 8024



Abbreviations

AR: 		Allergic rhinitis
ARC: 		Allergic rhinoconjunctivitis
AIT: 		Allergen Immunotherapy
SCIT: 		Subcutaneous immunotherapy
SLIT: 		Sublingual immunotherapy
HDM:		House dust mite
IgE:		Immunoglobulin E
Th cells: 	T helper cells

Key words: 	Allergen immunotherapy, long-term efficacy, tolerance, prevention, sublingual immunotherapy, subcutaneous immunotherapy, allergic rhinitis, allergic asthma 


Word count: 	3821

Stephen R. Durham (0000-0001-5264-6207) – ORCID
Martin Penagos (0000-0002-9488-194X) - ORCID


Conflict of interest statement

SR Durham has received consultancy fees from manufacturers of allergy vaccines, including ALK Abello Denmark, Allergy Therapeutics UK, and Glaxo Smith Kline UK and lecture fees from Abbott laboratories, ALK Abello, Med Update GmBH Germany and Stallergenes outside the submitted work. M Penagos has received personal fees from Stallergenes and ALK outside the submitted work.


Abstract 
Allergen immunotherapy is effective for the treatment of allergic rhinitis, allergic asthma and Hymenoptera venom allergy. In view of potential side effects, cost, and the necessary patient commitment, an important question is whether allergen immunotherapy provides persistent clinical benefits after treatment discontinuation. Here we appraise the existing evidence for long-term effects of both subcutaneous and sublingual immunotherapy in terms of clinical efficacy, immune mechanisms, prevention of asthma development and prevention of new allergen sensitisations. Evidence from large, randomised, double-blind, placebo-controlled clinical trials that include a follow-up phase after treatment cessation demonstrate long-term efficacy. The data strongly support recommendations in international guidelines that both sublingual and subcutaneous immunotherapy should be continued for a minimum of 3 years to achieve disease modification and long-term tolerance. Grass pollen immunotherapy for seasonal rhinitis may inhibit the onset of asthma symptoms and requirements for asthma medication. Whether early intervention in infancy with mite sublingual immunotherapy may prevent asthma remains to be tested.



Allergen Immunotherapy 
Allergen immunotherapy involves the repeated administration of allergen extracts to allergic individuals who have symptoms on exposure and IgE-sensitisation to otherwise harmless proteins (allergens). (1-3) It is effective for allergic rhino conjunctivitis and asthma in individuals with a limited spectrum of allergy to inhalant allergens.(3-6) It is also effective in patients with IgE-mediated anaphylaxis following insect stings.(7, 8) What distinguishes allergen immunotherapy from conventional pharmacotherapy is the ability to induce long-term disease remission following discontinuation of treatment.(9-11) Allergen immunotherapy for foods such as peanut may achieve successful desensitisation although there is a high prevalence of side effects (12) and no evidence of long-term remission. (13, 14) This review will focus on inhalant allergy and review the evidence that allergen immunotherapy induces long-term tolerance, the underlying mechanisms, and prospects for primary and secondary prevention of allergies.
Efficacy
Leonard Noon showed that subcutaneous immunotherapy using a crude aqueous extract of grass pollen reduced conjunctival immediate allergen sensitivity and subsequently improved seasonal symptoms of hay fever and asthma. (15) This was confirmed subsequently in double-blind placebo-controlled trials (16-19). Surprisingly little has changed over the ensuing 100 years, a major exception being the introduction of the sublingual route where approximately equivalent doses of standardised allergen extracts administered monthly by subcutaneous injection are given in the form of drops or tablets given sublingually daily. (2, 9, 20-23) The selection criteria for both are equivalent such that choice is mainly determined by evidence of efficacy of the available individual vaccines, availability of resources and also patient preference for one or another route. (24) Recent systematic reviews and meta-analyses have confirmed the efficacy of both routes whereas there are no phase 3 head to head comparisons.(25, 26) Attempts have been made to improve efficacy, convenience and safety of allergen immunotherapy.(27) These include use of adjuvants, (28-30) recombinant allergens,(31, 32) modified hypo-allergenic variants,(33, 34),  alternative delivery methods (35-37), passive immunotherapy, (38, 39) allergen-derived T cell-directed peptides (40), B cell-directed peptides(41) and other mid-length peptides (42-44). However, so far these strategies have not been successful in phase 3 trials nor achieved regulatory approval. The recent evidence-based guidelines from the European Academy of Allergy and Clinical Immunology support the use of subcutaneous and sublingual immunotherapy for inhalant allergens and subcutaneous immunotherapy for Hymenoptera venom allergy. (4, 6, 7)
Mechanisms  
Allergic rhinitis and asthma are characterised by the IgE-dependent activation of mast cells, local IgE production and the recruitment and activation of basophils and eosinophils to allergic tissues.(45) These events occur during natural allergen exposure and following allergen provocation in an experimental setting.(46) These effector mechanisms are known to be under the regulation of Th2 lymphocytes that synthesise and release a distinct profile of Th2 cytokines.(47) IL-4 is critical for Th2 T cell development whereas IL-4 and IL-13 induce preferential class-switch of B cells in favour of IgE.(48) IL-5 induces terminal maturation and release of eosinophils from bone marrow and inhibits apoptosis, thereby prolonging eosinophil survival.(49) Recent evidence has highlighted the airway epithelium and innate immune system in preferentially driving and maintaining Th2-type responses. Epithelial cytokines such as Thymic stromal lymphopoietin (TSLP) (50) and IL-33 preferentially induce dendritic cells (DC2s) that direct preferential Th2 T lymphocyte responses. (51) Innate lymphoid cells (ILC2s) lack T cell receptors such that they are unable to respond directly to allergen, but through release of particularly IL-5 and IL-13,  are able to augment and sustain Th2 immunity. (47, 49)
Allergen immunotherapy induces long-term remission by modifying immunological memory contained within T cell and/or B cell compartments.(49) Inhibition of allergen-driven Th2 cell responses is accompanied by a decrease in mast cell and basophil recruitment and IgE-activation and a switch from IgE in favour of allergen-specific IgG and IgA isotypes.(52) Down regulation of Th2 responses occurs due to an increase within months in regulatory T cells that produce IL-10(53, 54) and transforming growth factor beta.(55, 56) These events favour B cell switching in favour of IgG4 and IgA respectively, detectable in blood(57, 58) and within the nasal mucosa.(52, 59) These antibodies are allergen-specific and inhibit formation of allergen-IgE complexes, thereby blocking IgE-activation of mast cells and IgE-facilitated antigen presentation and Th2 T cell development. (60, 61) Within 12 months there is an immune deviation in favour of allergen-specific Th1 responses resulting in production of interferon gamma that inhibits IL-4-induced switching to IgE and increases in B cell production of allergen-specific IgG antibodies. (53, 62-64)

Long-term benefits of allergen immunotherapy
Subcutaneous immunotherapy
The onset of efficacy of subcutaneous immunotherapy occurs within 2-4 months, in parallel with an early increase in IL-10 production by regulatory T and B cells and followed by isotype switching to allergen-specific IgG and IgA.(54) Clinical benefit persists for at least 3 years during maintained treatment.(65) For example, in a double-blind placebo-controlled trial of subcutaneous grass pollen immunotherapy, 3-4 years treatment with an alum-based aqueous extract containing 20 microgram of major allergen Phl p 5 in monthly maintenance injections resulted in persistence of benefit for at least a further 3 years during blinded withdrawal of treatment. When scores of seasonal symptoms in participants who discontinued immunotherapy after 3 years were compared to those who continued it for 6 to 7 years, no significant differences were found (p=0.60). Persistence for 3 years of decreased seasonal symptoms and rescue medication was associated with retained improvements in quality of life. Clinical surrogates of efficacy included a decrease in immediate conjunctival and cutaneous grass pollen sensitivity that persisted for 3 years and a decrease in the immediate (15 min) and late-phase (24hr) responses following intradermal allergen challenge. Persistent suppression of the late response was accompanied by a decrease in CD4+ T cells and expression of mRNA for the Th2 cytokine IL-4 as shown by in situ hybridisation of late cutaneous biopsies. Whereas there was a marked decrease (over 90% decrease) in serum allergen-specific IgG4 concentrations, the level of IgG4 did not return completely to baseline and was associated with persistent inhibition of allergen-IgE complex binding to B cells a surrogate for IgE-facilitated antigen presentation. This occurred despite the relative falls in immunoreactive grass pollen-specific IgG4, indicating the persistence of a subpopulation of IgG4 antibodies, presumably of greater affinity and/or avidity, that resulted in continued IgE-blockade that paralleled the observed persistent clinical improvement. Persistence of IgE-blocking antibodies not only closely paralleled clinical benefit but was shown to correlate more closely with clinical response than total immunoreactive allergen-specific IgG4 antibody concentrations.(10, 66) Long-term benefits of subcutaneous immunotherapy are further supported by a double-blind, placebo-controlled randomised study of 3 years’ subcutaneous ragweed immunotherapy that showed persistent suppression of inflammatory mediators detectable in nasal fluid one year after blinded withdrawal of immunotherapy. (67) (Table 1)  A randomised trial of subcutaneous immunotherapy with Parietaria, showed persistence of subjective symptoms improvement 4 years after treatment cessation in the active and placebo groups (+35.8 and +31.3, respectively; p=NS). This study was blinded during the first year only.  (68) 
Sublingual immunotherapy
Sublingual immunotherapy has been shown convincingly to result in long-term disease remission in four phase 3 trials in adults and one in children.(20, 69-72) (Table 1 and Figure) Three years perennial daily treatment in adults with seasonal grass pollen rhinitis with or without seasonal asthma employed a fast-dissolving grass pollen tablet that contained 15 microgram of Phl p 5. An approximate 30-40% improvement in seasonal combined symptom and medication score compared to placebo treatment was observed with accompanying increases in IgG4 that persisted for 2 years after treatment discontinuation. The treatment effect was significant for all 5 years of the double-blind study (p< 0.01). Whether or not the recipients were either polysensitised or monosensitised, and whether they had accompanying seasonal asthma, did not influence the treatment response. (20) Similar results were reported following 3 years pre-co-seasonal treatment with a 5-grass sublingual tablet that contained approximately 20-25 microgram major allergen Phl p 5. Participants in the active 4-month group had significant reductions of up to 38% (p<0.005) in the combined symptom-medication scores in the 3-year on-treatment phase of the study which were sustained after 2 years’ treatment withdrawal (28%, p<0.05). (69) In another study three-year treatment with sublingual grass pollen liquid drops was effective (p=0.0019) and an improvement trend in symptom scores was observed to persist during one-year post-treatment follow up (p=0.052).(72) 
A long-term, double-blind study of sublingual immunotherapy for Japanese cedar allergy was recently reported. This prospectively examined the dose-response and time-course of a fast-dissolving Japanese cedar pollen sublingual tablet in adults and adolescents with moderate-severe seasonal allergic rhino conjunctivitis in Japan. During the first year 5,000 Japanese allergy units was identified as the optimal dose and there was a linear trend for further improvement after 3 years compared to 18 months treatment. Furthermore, the improvement in combined symptom-medication scores of around 30-40% (p<0.001) compared to placebo persisted for 2 years after discontinuing the treatment (p<0.001). (70) 
A dose-finding randomised trial evaluated an HDM-sublingual tablet for allergic rhinitis over 1 year followed by a 1-year off-treatment blinded phase. Symptoms were reduced by 17 (p=0.015) in the 300 IR group and by 20% in the 500 IR group (p=0.0066) compared with placebo during treatment and after its discontinuation (p<0.05).(71) This maintained clinical effect brings into question whether shorter courses of immunotherapy for perennial allergens (HDM) may be sufficient for longer-term effects, possibly related to ongoing continuous environmental exposure. However, this requires further evaluation in larger randomised controlled trials. 
Immunotherapy in children
Long-term effects of subcutaneous immunotherapy were studied in 205 children with seasonal rhino conjunctivitis in the Preventive Allergy Treatment (PAT) study. Administration of an alum-based grass pollen extract over 3 years resulted in a persistent reduction in seasonal visual analogue scores that were observed at 10 years, 7 years after discontinuation of immunotherapy. Scores for rhinitis (-20.9 vs -12.4 mm, p<0.05) and for conjunctivitis (-19.9 vs -11.5 mm, p<0.05) in the actively treated group vs controls were statistically significant. Although limited for ethical reasons by lack of a placebo injection control in children and the use of subjective endpoints, the changes were sustained and accompanied by persistent objective changes in immediate conjunctival allergen sensitivity as shown by conjunctival provocation test.(73) 
A rigorous double-blind, placebo-controlled trial of sublingual immunotherapy (GAP study) was performed using the identical grass pollen extract but as a daily fast-dissolving tablet in 805 children aged 5-12 years. Three years treatment resulted in a sustained reduction in rhino conjunctivitis symptoms that lasted for 2 years following treatment discontinuation (22-30%, p<0.005 for all 5 years) and at 5 years a 27% reduction in use of rhino conjunctivitis medication scores (p<0.001).(74)

Immunotherapy for Hymenoptera venom allergy
Allergen immunotherapy is highly effective in preventing systemic reactions in patients with Hymenoptera venom allergy.(7) Patients receiving sufficient maintenance doses of venom immunotherapy have a risk of a systemic reaction of 5-10% if they are re-stung, compared to the risk of 45% in untreated patients (range 30-65%). (75, 76) International guidelines recommend that venom immunotherapy should be given at least for 3 - 5 years.(7) After 3 years, 83 - 100% of patients are protected from further systemic reactions, and this effect usually persists for 1 - 3 years after immunotherapy cessation. (77, 78) Venom immunotherapy with a minimum duration of 5 years is superior than 3 years for long-term effectiveness, whilst 3 years may be sufficient in children. (8) Discontinuation of immunotherapy after 1 or 2 years, is associated with a 25% relapse rate.(7, 76) Lifelong therapy should be considered in patients with severe pre-treatment anaphylactic reactions, in patients with clonal mast cell disorders, and bee venom-allergic patients who maintain a high risk of subsequent bee stings. (7, 78)

What is the duration of allergen immunotherapy required for long-term tolerance? 
In the GRASS study sponsored by the Immune Tolerance Network, a head-to- head comparison of subcutaneous vs sublingual grass pollen immunotherapy was performed where the primary objective was to determine whether 2 years treatment with a sublingual immunotherapy of proven efficacy was sufficient for long-term tolerance. In this double-blind, double-dummy, placebo-controlled trial in patients with moderate-severe grass pollen hay fever, the surrogate clinical primary outcome was the response to nasal allergen challenge, measured as the area-under-curve analysis of the total nasal symptom score (and peak nasal inspiratory flow as an objective secondary endpoint) over 0-10 hours following challenge. Secondary endpoints included seasonal weekly assessments of visual analogue scores, rhinitis quality of life and a global evaluation of hay fever severity. Subcutaneous and sublingual immunotherapies were effective in suppressing the total nasal allergen symptom score (42%; p<0.001 and 27%; p<0.02, respectively) and reductions in peak nasal inspiratory flow (p<0.001 and p=0.01, respectively) following nasal challenge after 2 years treatment, thereby confirming effective desensitisation. Similarly, there were marked reductions in the global evaluation of seasonal symptom severity, marked suppression of early and late skin responses and an improvement in weekly seasonal rhinitis quality of life scores for both treatments. In contrast, these clinical benefits were not observed at year 3 one year after discontinuation of treatment (p=0.053 and p=0.75, respectively). Although two years treatment with both subcutaneous and sublingual treatment was effective, two years was insufficient for long-term tolerance. (79) The data support previous studies reported here and the recommendations of international guidelines that allergen immunotherapy should be continued for at least 3 years to ensure long-term clinical efficacy and tolerance. (4, 65)
Mechanisms of long-term tolerance
It is likely that to maintain long-term disease remission there must be persistence of long-term modification of immunological memory, although it is not clear whether this resides within the T cells or B cells or both compartments.  In the GRASS study, clinical improvement was accompanied by suppression of Th2 immunity as shown by a reduction in peripheral allergen-specific T cells detected by flow cytometry of grass pollen tetramer-positive CD27- Th2 cells and a decrease in Th2 cytokines (IL-4, 5 and 13) in nasal fluid at 2-10 hours after nasal challenge following both sublingual and subcutaneous immunotherapy. However, along with loss of clinical benefit in year 3, this suppression of Th2 immunity was observed to reverse to baseline at year 3. (79, 80)
There were marked increases in allergen specific-IgE blocking activity as shown by suppression of Fce R1-dependent grass pollen-stimulated basophil activation and the ability of serum to inhibit Fce R2-dependent allergen-IgE complex binding to B cells. Whereas for subcutaneous immunotherapy the dominant allergen-specific isotype both in serum and local nasal fluid was IgG4, for sublingual immunotherapy the dominant isotype was IgA.(81) In contrast to suppression of allergen-specific T cell responses, IgE-blocking activity was observed to persist at 3 years, one year after discontinuation. Although speculative, these data suggest that rather than 2 years immunotherapy, at least 3 years may be necessary to enable further somatic hypermutation and survival of B cells to ensure long-term persistence of higher avidity and/or affinity antibodies to result in long-term tolerance. These data support the view that suppression of allergen specific T cell responses may be necessary for induction of tolerance, whereas long-term ‘protective’ B cell antibody responses may be important for the long-term persistence of tolerance. (49)

Allergen immunotherapy and prevention of allergic asthma
In view of the known disease-modifying effects of allergen Immunotherapy and its ability to induce long-term remission, it is reasonable to ask whether immunotherapy, if given early enough in infancy and early childhood, could prevent the onset of new sensitisations and the development of asthma. These studies may be divided into studies of secondary prevention where immunotherapy might prevent asthma in atopic children with rhinitis but no asthma (secondary prevention) and primary prevention of asthma in infants without inhalant allergies but who are at risk of developing asthma due to familial predisposition and/or early onset eczema.
Studies of secondary prevention of asthma:
Early observations from Johnstone reported a reduction in asthma symptoms and medication in mite-allergic children that persisted for up to 14 years after subcutaneous mite allergen immunotherapy. (82). The Prevention of Asthma Trial (PAT) study was a randomised, open study that involved 3 years subcutaneous grass pollen immunotherapy. In 151 of the original 205 randomised children who had rhino conjunctivitis but no asthma, there was a marked lower percentage of asthma symptoms development  at three years in the actively treated group (24% versus 44% in the control group, p < 0.05) that persisted until 10 years i.e., 7 years after discontinuation of immunotherapy (25% versus 45% in the control group). The odds ratio for developing asthma at 10 years in the control group was 2.5 (95%CI.1.1 to5.9) compared to the immunotherapy-treated group. (73) 
The GAP trial involved 812 children with seasonal rhino conjunctivitis, but no asthma, treated with a fast-dissolving grass pollen tablet for 3 years with 2 years blinded follow up. Whereas the primary endpoint of a reduction in asthma exacerbations was not achieved, there was a significant decrease in the risk of experiencing asthma symptoms or using asthma medication at 5 years, 2 years after discontinuation of treatment (odds ratio 0.66, p<0.036), and during the entire 5-year trial period. (74)
Secondary prevention of new sensitisations: 
[bookmark: _Hlk87237980]Several studies have explored the potential preventive effect of allergen immunotherapy on new allergen sensitisations. For example, two studies conducted by Des Roches et al. (83) and Pajno et al. (84), compared the frequency of new sensitisations in asthmatic children monosensitised to house dust mite who received either HDM-subcutaneous immunotherapy plus standard asthma-pharmacotherapy or pharmacotherapy alone. After a follow up of 3 to 6 years, the occurrence of new sensitizations in both trials was significantly lower in the children who received subcutaneous immunotherapy compared with the control group. (83, 84) Similar findings were reported in a clinical trial of sublingual immunotherapy for allergic rhinitis which included 216 children (5 to 17 years old). After 3 years of treatment, new sensitizations were found in 23/66 (34.8%) of controls who received pharmacological treatment alone and in 4/130 (3.1%) of subjects in the immunotherapy group (OR, 0.06; 95%CI 0.02 to 0.17). (85) A recent systematic review of allergen immunotherapy for prevention of new sensitisations found that 10/18 of the studies included are suggestive that immunotherapy might prevent onset of new sensitisation; however, the evidence supporting this finding derives from low-grade level studies.  (86) Limitations of these studies include their small size, insufficient follow up period, potential risk of bias and lack of placebo controls. Further prospective randomised placebo-controlled trials are needed to confirm or exclude this possibility. (87)

Primary prevention of asthma:
House dust mite is a major perennial allergen associated with the onset and persistence of bronchial asthma. Warner and Price showed that subcutaneous mite immunotherapy in children for one year suppressed allergen induced late asthmatic responses and reduced requirements for asthma medication. However, a placebo-controlled withdrawal of immunotherapy over the following year resulted in loss of efficacy compared to continued immunotherapy during a second year of treatment. (88) House dust mite sublingual tablet immunotherapy has been shown to be efficacious in perennial mite allergic rhino conjunctivitis(71, 89, 90) and asthma(91, 92). It has also been shown to reduce requirements for inhaled corticosteroids (92) and to prevent asthma exacerbations in mite-allergic asthma(91). In the GINA asthma guidelines, sublingual mite tablet immunotherapy is recommended as an option to improve asthma control at step 2-3 (patients on low-dose inhaled corticosteroids and long-acting bronchodilators). (5, 6)
Early introduction of peanut in infants 4-10 months of age and continued for 5 years resulted in a sustained 86% decrease in peanut allergy (p<0.001) that persisted for one year following withdrawal of peanut, indicative of long-term tolerance.(93) With such proof of concept in food allergy, it is testable whether early introduction of a sublingual mite tablet of proven efficacy in adult and childhood asthma might have a primary preventive role in children at high risk of mite allergy and asthma. Zolkipli and colleagues undertook a double-blind trial of sublingual house dust mite drops in 111 high-risk infants aged 6-18 months. Sublingual immunotherapy was well-tolerated and resulted in a marked reduction in overall allergic sensitisations as shown by skin testing (9.4% SLIT vs 25.5% placebo), although surprisingly, the occurrence of specifichouse dust mite-sensitisation remained unchanged.(94) The same population were followed up until aged 6 years and the prevalence of definite asthma as judged by both subjective and objective criteria was reduced, although not significantly (2.9% SLIT vs 13.5% placebo, p=0.11). However, in a post hoc analysis where an additional cohort of matched control children who had been recruited according to the same criteria and followed up over the same period to age 6 year were included, then the difference in definite asthma between sublingual mite-treated and control children was statistically significant.(95) Although suggestive of a preventive role, adequately powered studies are required to assess the efficacy and durability of this approach in infants at high risk of developing mite allergy and asthma.


Conclusions
Early studies of subcutaneous grass pollen immunotherapy provided proof of concept for disease modification and induction of long-term disease remission in allergic rhinitis with/without seasonal asthma. Evidence from placebo-controlled trials of sublingual pollen tablet immunotherapy is now unassailable that the sublingual route results in long-term clinical and immunological tolerance. By use of vaccines of proven value, sublingual tablet immunotherapy for 3 years resulted in long-term decreases in symptoms, requirements for rescue medication, improvement in quality of life and long-term immunological changes consistent with antigen-specific tolerance. (Table 2)
These findings have been replicated with sublingual tablets from different manufacturers, and in adults and in children and by use of different pollen species and in different parts of the globe with highly consistent results. However, study results are not generalisable and each immunotherapy product should be evaluated according to the evidence available for that product (96). On the other hand, the data for long-term benefits for sublingual products of proven short-term value (Fig.1) appears highly consistent. Whereas these benefits were apparent two years after the treatments were discontinued they likely persisted for years thereafter, although knowledge of the actual duration of long-term tolerance is likely to come from further real world studies in the community (97). The GRASS trial has shown that whereas 2 years treatment with subcutaneous and sublingual tablet immunotherapy is efficacious, two years is insufficient for long-term tolerance and supports recommendations in international guidelines that both modalities should be continued for at least 3 years for long-term tolerance (79, 96). 
Sublingual house dust mite tablet immunotherapy is effective in perennial allergic rhinitis and has been shown to reduce asthma exacerbations and requirements for inhaled corticosteroids. Although preliminary, one study suggested that treatment for one year resulted in prolonged benefit the following year off treatment. This raises the question whether less than 3 years mite immunotherapy may be sufficient for long-term tolerance, possibly as a consequence of continued natural perennial exposure to mites after treatment cessation. Given the global impact of mite allergy and its association with bronchial asthma, the recent extension of our knowledge for mite immunotherapy represents a major development. Whether shorter courses of mite immunotherapy may promote long-term tolerance and/or whether early intervention in infancy with mite tablet immunotherapy may prevent asthma remains to be further evaluated.
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LEGEND FIGURE. Effects of sublingual immunotherapy on combined symptom and medication scores (20, 69, 70) or symptom scores (74) in four 5-year, double-blind, placebo-controlled, randomised clinical trials. A. Phleum pratense tablet (20), B. Five-grasses tablet (69), C. Japanese cedar tablet (70) and D. Phleum pratense tablet (74) (Adapted with permission from references (20), (69), (70) and (74))



TABLE 1. LONG-TERM EFFICACY OF ALLERGEN IMMUNOTHERAPY FOR ALLERGIC RHINITIS. RANDOMISED CONTROLLED, CLINICAL TRIALS.

	AUTHOR, YEAR 
	COUNTRY
	STUDY DESIGN
	SCIT or SLIT
	n
	AGE (Years)
	DIAGNOSIS
	ALLERGEN
	UNITS
	BUILDING-UP PHASE
	MAINTENANCE DOSE
	DOSE FREQUENCY (MAINTENANCE)
	TOTAL STUDY DURATION (Y)
	AIT DURATION (Y)
	FOLLOW-UP AFTER AIT DISCONTINUATION (Y)
	BLINDING AFTER AIT DISCONTINUATION (Y)
	DROPOUT RATE

	DURHAM (10)
1999
	UNITED KINGDOM
	DBPCRCT
	SCIT
	Active: 21
Placebo: 19
	19-52
	Severe SAR associated with grass pollen
	Phleum pratense
	SQ-U
	Duration 7-8 weeks. Twice a week. Dose from 10 to 100,000 SQ-U.
	100,000 SQ-U (20 μg of Phl p 5)
	Monthly
	7
	Up to 7
	3
	3
	Y1: 7.5%
Y2: 17.5%
Y3: 20%

	NACLERIO (67)
1997
	UNITED STATES
	DBPCRCT
	SCIT
	Active: 10
Placebo: 10
	18-55
	Ragweed induced hay fever
	Ragweed
	AU
	NA
	12 µg of Amb a 1 (5000 AU)
	Every 2 weeks
	4-5
	3-4
	1
	1
	0 (double-blind phase)

	JACOBSEN (73)
2007
	DENMARK
	RCT
	SCIT
	Active: 103
Control: 102*
	6 - 14
	Grass and/or birch-pollen induced ARC
	Phleum pratense and/or birch pollen Betula verrucosa
	SQ-U
	Weekly injections with depot extracts over 15-20 weeks, or as a rush schedule with aqueous extracts.
	100,000 SQ [20 μg of Phl p 5 (grass) / 12 μg of Bet v 1 (birch)]
	Every 6 weeks (± 2 weeks)
	10
	3
	7
	0
	Y1: 6.8%
Y2: 10.7%
Y3: 28.3%

	DURHAM (20)
2012
	UNITED KINGDOM
	DBPCRCT
	SLIT
	Active: 316
Placebo: 318
	18-65
	2-year history of grass-pollen induced ARC
	Phleum pratense
	SQ-T
	None
	75,000 SQ-T (15 μg Phl p 5)
	Daily
	5
	3
	2
	2
	Y1: 10.4%
Y2: 50.2%
Y3: 54.7%
Y4: 59.5%
Y5: 62%

	OTT (72)
2009
	GERMANY
	DBPCRCT
	SLIT
	Active: 142
Placebo: 67
	7-64
	ARC associated with grass pollen
	5 grasses mix
	IR
	Duration: 1 day at 20-minute intervals (Dose: 30, 90, 150 and 300 IR)
	300 IR/mL (21 μg/mL of Phl p 5)
	Daily
	4
	3
	1
	1
	57.3% PP

	DIDIER (69)
2015
	FRANCE
	DBPCRCT
	SLIT
	Active: 
207 (2M)
207 (4M)
Placebo: 219
	18-50
	2-year history of grass-pollen induced ARC
	5 grasses mix
	IR
	None
	300 IR (25 µg group 5 major allergen)
	Daily
	5
	3
	2
	2
	Y1: 9.6%
Y2: 23.2%
Y3: 27.8%
Y4: 31.6%
Y5: 41.2%

	BERGMANN (71) 
2014
	GERMANY
	DBPCRCT
	SLIT
	Active:
169 (500 IR)
170 (300 IR)
Placebo: 170
	18-50
	Moderate-to-severe HDM-associated AR
	D pteronyssinus
and D farinae
	IR
	Duration: from 3 (300 IR) to 9 days (500 IR) 
	300 IR and 500 IR (16 and 28 µg Der p 1)
	Daily
	2
	1
	1
	1
	Y1: 16%
Y2: 22%

	VALOVIRTA (74)
2018
	FINLAND
	DBPCRCT
	SLIT
	Active: 398
Placebo: 414
	5-12
	2-year history of grass-pollen induced ARC
	Phleum pratense
	SQ-T
	None
	75,000 SQ-T (15 μg Phl p 5)
	Daily
	5
	3
	2
	2
	Y5: 25.1%

	YONEKURA (70)
2021
	JAPAN
	DBPCRCT
	SLIT
	Active:
2000 JAU: 260
5000 JAU: 264
10000 JAU:259 
Placebo: 259
	5-64
	ARC symptoms for 2 consecutive seasons
	Japanese cedar
	JAU
	Duration: 1 week (5000 JAU) or 2 weeks (10000 JAU)
	5,000 JAU
	Daily
	5
	3
	2
	2
	Y1: 9.1%
Y2: 8%
Y3: 6%

	SCADDING (79)
2017
	UNITED KINGDOM
	DBPCRCT
	SLIT
SLIT
	SLIT: 36
SCIT: 36 
Placebo: 34
	18-65
	Moderate to severe ARC
	Phleum pratense
	SQ-T
SQ-U
	SCIT: 15 injections over 8 weeks.

SLIT: None
	SCIT: 100,000 SQ-U (20 μg of Phl p 5)

SLIT: 75,000 SQ-T (15 μg Phl p 5)
	SLIT: Daily
SCIT: Monthly
	3
	2
	1
	1
	13%



SAR: Seasonal Allergic Rhinitis; ARC:  Allergic rhinoconjunctivitis; SQ-U: standardised quality units; AU: Allergy Units; IR:  Index of reactivity; SQ-T: standardised quality units tablets; JAU: Japanese allergy unit; AIT: Allergen Immunotherapy, 2M: Two-month pre-coseasonal schedule; 4M: Four-month pre-coseasonal schedule; SLIT: Sublingual immunotherapy; SCIT: Subcutaneous immunotherapy; * Open control group; DBPCRCT: Double-blind, placebo-controlled, randomised clinical trial; RCT: Randomised clinical trial; NA: Not available; Y: Years



TABLE 2. CURRENT KNOWLEDGE OF LONG-TERM EFFECTS OF SUBCUTANEOUS AND SUBLINGUAL IMMUNOTHERAPY

	· Studies of subcutaneous grass pollen immunotherapy provide proof of concept for disease modification and long-term efficacy in seasonal allergic rhinitis with or without seasonal asthma. (10) 

	· Large placebo-controlled trials of sublingual pollen tablet immunotherapy provide unassailable evidence that the sublingual route may result in long-term clinical and immunological tolerance. (20, 69, 74)

	· The GRASS trial shows that 2 years subcutaneous and sublingual tablet immunotherapy is efficacious, but insufficient for long-term tolerance. This supports recommendations in international guidelines that both modalities should be continued for at least 3 years. (79)

	· Sublingual house dust mite tablet immunotherapy is effective in perennial allergic rhinitis. (71, 89, 90)

	· Sublingual house dust mite tablet immunotherapy has been shown to reduce asthma exacerbations (91) and requirements for inhaled corticosteroids. (92)

	· Whether shorter courses of mite immunotherapy may promote long-term tolerance and/or whether early intervention in infancy with mite sublingual tablet immunotherapy may prevent asthma remains to be confirmed.
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OPlacebo  M@JAU Japanese cedar n * Age Y
32.1% 45.1% 45.3% 34%
25-30% 37-53% 36-54% 22-44%
1
1
1
6.98 6.94 6.57 : 7.31 7.71
T T
n 257 255 159 158 159 158 159 158 159 158
OPlacebo  ESQP pratense n=812e Age:5-12y
24% 29% 30% 22% 23%
p<0.001 p<0.001 p<0.00: p<0.001 p=0.002
25.5 25.5
T
n 414 398 308 300
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YEAR 2

YEAR 3 |

YEAR4 YEARS




