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AIT Definition

• Allergen immunotherapy is the administration of 

gradually increasing quantities of an allergen 

vaccine to an allergic subject, reaching a dose 

which is effective in ameliorating the symptoms 

associated with subsequent exposure to the 

causative allergen.

WHO Position Paper 1998



Mechanisms of action of AIT

Shakir EM et al. Ann Allergy Asthma Immunol. 2010 Nov;105(5):340-7



Akdis CA, Akdis M. J Allergy Clin Immunol. 2011 ;127(1):18-27

Akdis and Akdis World Allergy Organization Journal (2015) 8:17



Akdis CA, Akdis M. J Allergy Clin Immunol. 2011 ;127(1):18-27
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Immunologic changes during the course of AIT

Akdis and Akdis World Allergy Organization Journal (2015) 8:17



Braido, Holgate, Canonica. Pulm.Pharm.Ther. 2012

Alllergen ImmunoTherapy

Future scenario in Allergy & Asthma treatment
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TREATMENT APPROACH EVOLUTION
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Collins & Varmus NEJM 2015



NEJM 2017



PRECISION MEDICINE FUNDING 

NEJM 2017



Canonica et al WAO J. 2015



AIT as PERSONALIZED THERAPY
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Hamburg & Collins, NEJM 2010 [22]
Canonica et al. WAO J.2015 [18]

Passalacqua & Canonica, CMA 2015 [23]

Canonica et al. Curr..Opin.Pulm.Med. 2015
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Respiratory Allergy
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Clin Mol.Allergy 2015



Allergen ImmunoTherapy:

The Path to Precision Medicine
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Passalacqua & Canonica C.M.A. 2015

Possibly, in the past,  the concept of 

AIT as Precision Treatment was not 
properly considered or emphasized, 

but AIT was and still is upfront in this 

context



Passalacqua & Canonica

Clin Mol.Allergy 2015

CONCLUSION

According to the current knowledge of mechanistic 

aspects, to the detailed identification of 

aetiological agents, and the not negligible 

longstanding experience, 

AIT,

in the context of the other available 

therapies for respiratory allergy, is

the most “personalized” treatment 



Canonica et al WAO J. 2015



Structure*

Molecular 

weight 

(kD)°

Biological Function^

IgE positivity 

among Europeans 

sensitized to grass 

pollen (%) ^

Phl p 1 33-36 Expansin 68 - 96

Phl p 4 55-60 Berberine Bridge Enzyme 70 - 88

Phl p 5 29-38 Ribonuclease 50 - 100

Phl p 2 11-12 Unknown 28 - 68

Phl p 6 13 Unknown 44 - 68

Phl p 11 20 Trypsin inhibitor 35 - 53

Phl p 12 14 Profilin 10 - 15,2

Phl p 7 6 Calcium binding protein 5 - 8

*www.proteinmodelportal.org (June 2012)  

°Andersson  K, Lidholm J . IAAI 2003 

^www.allergome.com (June 2012)

Allergenic molecules of Phleum pratense

P Matricardi



APCS
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“APCS”
Allergen Profile Codification System

Pilot project on

patients in Rome 

analysing profiles

at local level (Rome)

in «only» 176 children:

high heterogeneity

39 profiles

15 profiles to represent 

80% of the population

+

co-sensitization

to other pollens!!

=

is each patient 

«unique»







Allergy 2010; 65: 184–190



Canonica et al. Curr..Opin.Pulm.Med. 2015



PERSONAL

G.W.Canonica

AUTOCRITICISM about AIT

• Metanalysis Studies

• Correct studies

• WRONG CONCLUSIONS

Canonica et al. Curr..Opin.Pulm.Med. 2015



Canonica et al. Curr..Opin.Pulm.Med. 2015



WHY Correct studies??? 

• All the published studies were included in the 

analysis…………..studies in which just Some 

Products were investigated. 

Canonica et al. Curr..Opin.Pulm.Med. 2015



WHY WRONG CONCLUSIONS ???

• The conclusion was AIT is Effective & Safe

• This conclusion offered the possibility of taking

advantage also by Allergens/Products

NEVER tested in any study

Canonica et al. Curr..Opin.Pulm.Med. 2015



de Bot et al PAI 2011





de Bot et al PAI 2011



Letter to the Editor

by

Bachert C., Canonica G.W., Bufe A.

2012



2012

Bachert C., Canonica G.W., Bufe A., PAI 2012



2012

We therefore suggest to specify the SIT product in the title of the 

publication, and to avoid unjustified general statements on 

application routes or patient groups.   

Yours faithfully,

Claus Bachert, G. Walter Canonica, Albrecht Bufe

Bachert C., Canonica G.W., Bufe A., PAI 2012



Bachert et al. WAO J 2015



Bachert et al. 

WAO J 2015



PRODUCT X…….

………..due to its features, meets the 

international requirements

The AIM is to declare:



EMA regulation



Polysensitization, a reality

1. Orovitg et al. JIACI 2011

2. Didier et al.Rev. Fr. Allergol 2010

3. Craig et al. JACI 2008

Among patients consulting for allergy…

61%

France

80%

USA60%

Spain

42



Polysensitization, a reality

• polysensitization is more commonly associated with 

asthma and rhinitis comorbidity

• prevalence of diagnosed asthma increases with 

increasing numbers of positive SPT

• rhinitis is usually associated with mono- or 

polysensitization, whereas asthma is more often 

associated with polysensitization and 

multimorbidities

Boulet LP et al. Clin Exp Allergy 1997

Sears MR et al. Clin Exp Allergy 1993

Simpson A, et al. AJRCCM 2010

Bousquet J, et al. Allergy 1982

Burte E et al. PLoS One. 2015

Bousquet J, et al. Allergy. 

2015



Bousquet J et al. Allergy. 2015 Sep;70(9):1062-78



Bousquet J et al. Allergy. 2015 Sep;70(9):1062-78



Bousquet J et al. Allergy. 2015 Sep;70(9):1062-78
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Polysensitization is different from polyallergy



Pollen species-specific allergens

Luengo and Cardona Clinical and Translational Allergy 2014 4:28 



Cross-reactive allergens

CCD: Cross-reactive carbohydrate determinants; nsLTP: Non-specific lipid transfer proteins; TLP: thaumatin-like proteins.

Luengo and Cardona Clinical and Translational Allergy 2014 4:28 



• The first premise for the prescription of immunotherapy

based on CRD is the assessment of IgE positivity to

genuine versus cross-reactive allergens 

Indication of specific immunotherapy

Cross-reactive allergens

Luengo and Cardona Clinical and Translational Allergy 2014 4:28 

Pollen species-specific allergens



Immunotherapy

Valenta R, et al. JIACI. 2007; 17: 88-92

CRT: component resolved therapy



Valenta R. The future of antigen-specific immunotherapy of allergy. 

Nat Rev Immunol. 2002;2:446-53.



Single-allergen immunotherapy with grass pollen extract has proved to be as

safe and effective for that specific allergy both in polysensitized as in

monosensitized patients, provided that the allergen extract administered

matches the patient’s most relevant sensitization.
Passalacqua G. Curr Opin Allergy Clin Immunol 2014, 14:20–24.

There is a need to adequately evaluate in prospective studies if CRD-guided

patient selection results in improved efficacy of immunotherapy.

Luengo O & Cardona V. Clinical and Translational Allergy 2014 4:28

Inhalant oligo/monosensitization



Moreno C et al. Allergy. 2014 Oct;69(10):1357-63

54



Allergy. 2012; 67: 709-711 

N= 141. RC y/o AB sensibilizados a pólenes ± alergia alimentos



P Matricardi
Stringari G, Tripodi S, Caffarelli C. et al. J Allergy Clin Immunol. 2014 Jul;134(1):75-81



Fig 4 – Discordance rate between SIT prescription based on SPT or on SPT and CRD in 

651children with AR, according to doctors‘ decision

14 allergists
about 90 patients each

Randomly assigned

by climatic area

Doctors have changed 

their SIT prescription 

in 47% of the 651patients

after IgE molecular tests

The number of SIT prescritions

increased from 508 to 539

out of 651patients

(83 no to yes)

(52 yes to no)

(170 modified composition)

P Matricardi
Stringari G, Tripodi S, Caffarelli C. et al. J Allergy Clin Immunol. 2014 Jul;134(1):75-81
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Simone, 13 aa., Tivoli

Seasonal allergic rhinoconjunctivitis during last four years

Symptoms in April, May and June

SPT positive for Olive tree and grass

Positive specific IgE to Phl p 1, Phl p 5 and  Ole e 1

Which specific Immunotherapy?

= Grass and Olive tree

Clinical case
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Simone, 13 aa., Tivoli

Seasonal allergic rhinoconjunctivitis during last four years

Symptoms in April, May and June

SPT positive for Olive tree and grass

Positive specific IgE to Phl p 1, Phl p 5 and  Ole e 1

Which specific Immunotherapy?

= Grass and Olive tree

Clinical case

S Tripodi
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Which strategies do we have to treat 

polysensitized patients?

No AIT Single 
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Allergen Bar 

2016
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Allergen Immunotherapy

USA

Courtesy of

Prof C.Bachert
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69



Single allergen SCIT
• Frew AJ et al. J Allergy Clin Immunol. 2006;117:319-25

– SCIT SQ-U grass  (ALK)

– 276/347 polysensitized

– Similar degree of improvement

• Kim SH et al. Allergy Asthma Immunol Res. 2014; 6: 

535-40

– HDM SCIT 2 years (Hollister-Stier Laboratories, Spokane, WA, USA)

– 30 HDM-polysensitized (A), 30 HDM-polysensitized (B)

– Similar degree of improvement

• Soyyigit S et al. Ann Allergy Asthma Immunol. 2016; 

116:244-251

– D pteronyssinus (ALK)

– 22 monosensytized, 24 polysensitized

– Significant improvement in polysensitized, immunologic changes

Single 
allergen 

AIT



Single allergen SLIT

• Malling HJ et al. Clin Exp Allergy. 2009; 39: 

387-93
– SLIT IR grass tablet 

– 559 patients: 51.5–57.4% polysensitized

– Similar clinical outcomes

• Nelson H. Allergy. 2013; 68:252-5
– SLIT SQ grass tablet

– Post hoc analysis of pooled data from six randomized DBPC 

trials (N = 1871)

– Similar clinical outcomes

Single 
allergen 

AIT



Mixed allergen AIT

• Nelson HS. J Allergy Clin Immunol. 2009; 
123: 763-9

– 13 studies

– Few were well-designed, well-powered 
DBPC trials. Head-to-head comparative 
data with single-allergen regimens were 
rarely provided. 

– Simultaneous delivery of multiple unrelated 
allergens can be clinically effective but that 
there was a need for additional 
investigation (particularly in SLIT).

Mixed 
allergen 

AIT



Mixed allergen SLIT

• Amar SM et al. J Allergy Clin Immunol. 
2009; 124: 150-156
– 54 patients: placebo vs single-allergen 

SLIT (19 mcg of Phl p 5 daily) vs
multiallergen SLIT (the same dose of 
timothy extract plus 9 additional pollen 
extracts)

– There were no significant symptom or 
medication score differences versus 
placebo in either treatment group

– Changes in various immune parameters 
for the single-allergen group

Mixed 
allergen 

AIT



Mixed allergen SCIT

Mixed 
allergen 

AIT

Bousquet J et al. J Allergy Clin Immunol. 1991; 88:43-53

Patients monosensitized to Cynodon vs polysensitized

(Cynodon + other allergens)

SCIT: Cynodon vs Cynodon+other vs placebo

Only monosensitized patients showed a significant clinical 

effect

Kim KW et al. J Korean Med Sci. 2006; 21:1012-6 

Patients monosensitized to HDM vs polysensitized (HDM 

+other)

SCIT: HDM vs mixtures

Positive clinical outcome

However, the reduction was significantly (P <0.05) less intense 

in the polysensitized group



Mixed allergen SCIT

• Pfaar O et al. Allergy 2013;68:1306-13

– DBPC trial 

– depigmented-polymerized birch and grass 

pollen extract (LETI)

– 285 patients

– Positive clinical efficacy, immunologic 

changes, safety

Mixed 
allergen 

AIT



Grasses/Birch mix

– Its safety profile is comparable to that of grasses

or birch alone.

– It has demonstrated efficacy against both grasses

and birch seasons.

Pfaar et al. Allergy 2013

Pfaar et al. Pediatr Allergy Immunol 2015
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QUALITY CONTROL
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Efficacy of IT on AR & Asthma using polymerized extracts

A Nieto Allergy 2012



Simptoms score

A Nieto Allergy 2012



Medication score

A Nieto Allergy 2012



Symptoms + medication score

A Nieto Allergy 2012



E. Fernández-Caldas et al. Grass and mite mixtures: how does the proteolytic activity of 

Dermatophagoides pteronyssinus affect Phleum pratense extracts? 

Proteolytic activity of DPT on Phleum pratense

Ex native P pratense (500µg/ml) Ex native P pratense (500µg/ml)  +

Ex native DPT (100µg/ml)

Ex native P pratense (500µg/ml)  +

Ex modified DPT (100µg/ml)

Time 0 After 8 days After 20 days



Summary Statement 72: 

“The limited number of studies investigating the efficacy 

of multiallergen immunotherapy have produced 

conflicting results. In general, multiallergen trials have 

demonstrated efficacy, although some failed to provide 

results specific to the multiallergens”

“It is important to treat the patients only with relevant 

allergens”



Risks of allergen mixing

“Immunologic 
saturation”

Proteolysis

Dilutional

86



Passalacqua & Canonica 

Imm Allergy Clin North Am 2015



Canonica et al. Curr..Opin.Pulm.Med. 2015



Which Patients for Immunotherapy?

� Appropriate clinical manifestations.

� Demonstrated IgE-mediated sensitivity to relevant  

allergen(s)

� Significant exposure to the relevant allergen(s)

� Availability of high quality extract for the relevant 

allergen(s).

� Asthma, if present, adequately controlled.



A. The immunotherapy has been prescribed by a specialist.

B. The first-level physician and other professionals have had adequate 

training in allergy and the recognition

and management of anaphylaxis to provide this service safely.

C. The location where immunotherapy is performed fulfills all the 

conditions for patient safety. The site where immunotherapy is performed 

should be equipped to treat severe allergic reactions



WAO Grading System for SLIT Local Reactions

Passalacqua et al, Grading side effects of sublingual immunotherapy speaking the same language. 2011

Symptom/sign 

 

Grade 1 – Mild Grade 2 – 

Moderate 

Grade 3 - 

Severe 

Unknown 

severity 

Abdominal pain,  

Diarrhea 

Ear itching 

Pruritus/swelling 

of mouth, 

tongue or lip  

Nausea 

Throat irritation 

Uvular oedema  

Vomiting 

 

● Not 

troublesome 

AND 

● No symptomaQc 

treatment required 

AND 

● No 

discontinuation 

of  SLIT because 

of local side 

effects 

 

● Troublesome 

OR 

● Requires 

symptomatic 

treatment 

AND 

●No 

discontinuation of     

SLIT because of 

local side effects 

Grade 2 

    AND 

SLIT 

discontinued 

because of 

local side 

effects 

 

The treatment is 

discontinued but 

there is no 

subjective and/or 

objective 

description of the 

severity from  the 

patient/physician 

 

Each local adverse event can be early (<30 minutes) or delayed 

    



Cox L, Sanchez-Borges M & Lockey RF.  J Allergy Clin Immunol Pract 2017;5:58-62

WAO Grading System for Severe Allergic Reactions



Current 

allergen-

specific 

immunotherapy

Efficacy
Effective supression of clinical

symptoms with early onset and 

sustained effect

Safety
No anaphylactic 

potential and no late 

phase side effects

Patient convenience
Application of few doses

Manufacturability
Reproducible, low-cost production of 

pharmaceutical grade vaccines

Applicability for all 

allergen sources
Inhalant, food and venom 

allergens

Suitability for 

prophylactic 

application 
No sensitizing potential

R. Valenta et al. J. Allergy Clin Immunol 2016; 137: 351-7.

Requirements for improved allergy vaccines




