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Background: Allergic diseases are among the most common diseases in humans. Besides allergen
avoidance, allergen-specific immunotherapy is the only causative treatment option. During recent
years, many innovations of this therapy have emerged. Methods: Selective literature research
in Medline and PubMed, under the inclusion of national and international guidelines and
Cochrane meta analyses. Results: In several meta-analyses, the clinical efficacy of subcutaneous
immunotherapy (SCIT) has been largely demonstrated. Recently, major research activities in mucosal
immunotherapies focused on the sublingual application route. There are well-documented clinical
data on the efficacy and safety of this form of immunotherapy. New application routes as well as new
immune-modifying agents such as virus-like particles or CpG-motifs have also been investigated.
Conclusion: SIT is accepted to be the only causative treatment option for allergies. New application
routes and new immune-modifying agents will allow for different delivery methods in the future.
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Learning objectives

Upon completion of this activity, participants will be able to:

¢ Assess the epidemiology of allergic disease

¢ Analyze the practice of SCIT

e Distinguish the primary and secondary sites of application of immunotherapy
e Evaluate the effects of adjuvants in immunotherapy
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The increase in allergic diseases to ubiquitous aeroallergens in recent
decades has been well documented [1). Worldwide, the prevalence
of self-reported rhinitis symptoms in adolescents 13—14 years of age
is reported to be in the range of up to 66% [2]. In Germany, 24%
of respondents suffered from seasonal allergic rhinitis to pollen [2].
This fits to the number of approximately 25% of the population that
is said to suffer from allergic rhinoconjunctivitis (AR) in Germany,
and of approximately 5% that suffer from allergic asthma [3].

Today, AR is divided into intermittent AR (<4 weeks/year) and
persistent AR (>4 weeks/year). Moderate-to-severe symptoms are
present if nasal or eye symptoms in untreated patients affect their
daily activities and/or affect their night’s sleep. An inhalation
allergy must always be considered if the symptoms occur pref-
erentially in certain seasons or in certain situations. The allergy
career often starts in childhood with atopic dermatitis and food
allergies. Airway symptoms such as allergic asthma and allergic
rhinoconjunctivitis follow later on.

Allergies are often trivialized and regarded more as incon-
veniences than real diseases [4]. According to a recent survey
(101], about 58% of allergy sufferers treat their allergy with
nonprescription drugs or allergen avoidance.

Allergy treatment is aimed at treatment based on symptoms of
the disease and preventing disease progression. Allergen-specific
immunotherapy (also called specific immunotherapy, hypo-
sensitization therapy, desensitization, allergen vaccination or aller-
gen immunotherapy), the administration of gradually increasing
amounts of an allergen, either subcutaneously or via the sublingual
or oral route, is effective. According to the abovementioned survey,
28% of the respondents received allergen-specific immunotherapy
(SIT), and 70% of them were satisfied with the results of SIT [101].
SIT is the only treatment that is shown to have a disease-modifying
effect and can also be successfully performed in childhood [5.6].

The socioeconomic costs for respiratory allergies in Europe are
estimated to be between €36.7 and €385.1 billion per year [7].
More advanced diseases are more difficult to treat and associated
with higher treatment costs. Thus, the total annual cost for a
patient with mild asthma is approximately €1670, and for a patient
with severe asthma approximately €6008 [s]. In two reports SCIT
has been analyzed to be cost effective in the seventh year after
initiation of therapy (7.8].

Methods

For the present review, a literature search has been performed
including the Cochrane Database [9-11], the German guideline for
SIT [12), as well as the European position papers of EAACI [6,13,14]
and GA2LEN/EAACI [15], the recommendations of the WHO
(16.17], the recommendations of the British Society for Allergy and
Clinical Immunology (18], and the CHMP guidelines [102.103]. In
addition, the results of a selective search in PubMed and Medline
(main keywords: allergen-specific immunotherapy, application,
mucosal immunotherapy) have been included. Large double-
blind, placebo-controlled (DBPC) studies during recent years

have in particular been selected.

Major features of allergen immunotherapy

Treatment of allergic diseases of the respiratory tract
Allergen avoidance is the first-line treatment of allergic diseases
in general, but is often not sufficient for mite and pollen allergies.
For the symptomatic treatment of allergic rhinoconjunctivitis,
antihistamines, topical and systemic corticosteroids, and leukot-
riene receptor antagonists are available. However, these drugs are
purely symptomatic but no curative treatment is available. The
effectiveness of SIT in AR has been shown in many clinical studies.
Meta-analyses summarize the results of different studies (different
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allergen preparations, doses and application routes) [9.10]. In the
meta-analysis on the efficacy of subcutaneous immunotherapy
(SCIT) in allergic asthma, the standardized mean difference
(SMD) for symptom score was shown to be -0.59 (-0.83 to -0.35)
and for medication score to be -0.53 (-0.80 to -0.27) [11].

Studies on the efficacy of SIT and symptomatic therapies differ
in their design. The efficacy of SCIT has been shown to be superior
to that of symptomatic drug treatment, even after the first year of
treatment [19]. A dose—response curve could be defined for SIT [13].

Monosensitized patients with early-stage disease are thought
to be particularly successful candidates for SIT. From a pediatric
perspective, an eatly start of SIT is recommended. An effective
therapy is also possible in polysensitized patients [20]. The longest
follow-up is published for SCIT with a grass pollen allergoid; here
the effect was still detectable 12 years after the end of therapy [21].

Implementation of SIT
Recommendations for the uptitration of SI'T and the completion of
treatment have been published in national and international guide-
lines. They are based on clinical studies and published meta-analyses
(9-18]. SIT is started with the introduction of treatment during which
the dose is increased to the maintenance dose. For native allergens
up to 20 weeks may be required for uptitration, while for allergoids
shorter periods — or even a 1-day schedule may be sufficient.
Depending on the preparation, treatment may be necessary
throughout the year or just preseasonally, and individual aller-
goids are approved for both treatment regimens. An adequate
comparison of the efficacy of different treatment regimens has
not beenpublished.

Nonadverse events

The side effects of SCIT include particular allergic reactions
(generalized skin reactions and systemic allergic reactions) up
to severe anaphylaxis. Official statistics on severe reactions have
not been reported, but it is known that in recent years, cases of
fatal anaphylaxis have occurred [12]. To mitigate frequent local
reactions in the initial treatment phase, a pretreatment with anti-
histamines is helpful (12]. Compared with SCIT, in SLIT mild
side effects in the oral mucosa and pharynx are often seen, while
serious side effects are rare. To the authors knowledge, fatal side
effects of SLIT have not been reported thus far.

How does allergen-specific immunotherapy work?

To our current knowledge, many immunological mechanisms are
complementarily involved in the immune response to SIT such
as ‘blocking’ IgG-bodies, antigen presentation and effector cells.
Depending on the dose of allergen, the immune system develops
immunological tolerance mechanisms by confrontation with bio-
logically high doses of allergen. This leads to an altered balance
between Th cells and regulatory T cells [22]. Both naturally occur-
ring thymus-derived FOXP3*CD4*CD25" regulatory T cells and
inducible type 1 regulatory T cells suppress the development of
allergic diseases via several mechanisms including suppression of
dendritic cells, Th cells, mast cells, eosinophils and basophils; sup-
pression of inflammatory cell migration to tissues; and decrease of

the ratio between allergen-specific IgE and IgG4 antibodies [22,23).
These effects are mainly mediated by the suppressive cytokines
IL-10 and TGF-P. However, the exact mechanism of action of
SIT has not yet been conclusively elucidated [22.23).

Dose dependency of the immunological effect:
definition of an optimal therapeutic dose

In clinical trials a dose—response relationship for SIT has been seen
(13]. With a mite extract containing 7 pg Der p 1 per injection during
the maintenance phase, a clinical effect was achieved, which does not
increase significantly when 21 pg Der p 1 were used, but there were
more adverse events with the higher dose. A dose of 0.7 pg Der p 1
did not show effects beyond the placebo effect level [24].

The efficacy of approximately 8 pg group-5-grass pollen aller-
gen in a tablet was in the range of placebo, the maximum effect
was demonstrated with the threefold amount (25 pg daily), and
further increases in the dose had no additional benefit [25]. These
studies suggest that it is possible for SCIT and SLIT to define
optimal allergen doses.

Requirements for allergen extracts for SIT

Currently in Europe, the classification, composition and quality
requirements of allergen extracts are regulated by technical guide-
lines. The most important change of recent years concerns the
definition of homologous groups, based on the structural similar-
ity of allergens, and less on the botanical relationship of allergen
sources [102]. Another guideline of the EMA provides recommen-
dations for conducting clinical trials with allergen products that
will be developed in the future with gradual dose—escalation and
DBPC efficacy trials [103].

Quantification of allergens for immunotherapy
Standardization and characterization of allergen extracts was
previously manufacturer-specific only. The determination of the
strength of the allergen extract is based on protein determination,
electrochemical methods (e.g., immunoelectrophoresis), the size of
the wheal and flare reaction in skin tests (prick and intracutaneous
tests), and 772 vitro inhibition tests (RAST inhibition). Today, the
development of validated methods for the quantification of aller-
gens is of central importance. Allergenic extracts include proteins,
glycoproteins, lectins, DNA, pigments, and so on. The immune
system interacts with only a few allergens, which are referred to as
major allergens if more than 50% of the sensitized patients react to
this allergenic protein. As of today, for commercial allergen extracts
the declaration of major allergen concentrations is required. A
source of allergens has only one major allergen (e.g., Bet v 1ina
birch pollen extract), which is unproblematic. However, more dif-
ficult is the characterization of extracts in which different proteins
act as major allergens, such as in grass pollen extracts.

The quantification of individual proteins is complicated by
the fact that allergens in nature occur in different isoforms with
varying biological activity. This may affect the quantification of
the proteins by immunological detection methods.

A comparison of the major allergen concentrations in extracts
requires validated analytical methods and reference allergens. In a
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continuation of the European CREATE project [26], a laboratory
ring trial (BSP90) with support from the European Directorate
for Quality in Medicine is currently proofing biological rea-
gents and standardization methods for the analysis of allergens
in extracts. After publication in the European Pharmacopoeia,
these will become mandatory within the EU. The manufacturers
declared that allergen concentrations are not sufficient for the
evaluation of allergenic extract, thus clinical trials to demonstrate
the efficacy of each allergen extract are essential.

Selection of allergen products
In principle, (native) unmodified and modified allergen extracts
(allergoids) can be distinguished. Allergoids are produced by treat-
ing allergens with formaldehyde or glutaraldehyde, and these mod-
ified proteins are thought to have a reduced IgE-binding capacity.
In most commercial extracts, aluminum serves as an adsorbent for
delaying the release of the allergen. Some products contain addi-
tional adjuvants to enhance the immunological effect. Clinical
trials of the efficacy of allergoids have been conducted for extracts
of grass pollen [27-29], tree pollen [30) and mites [31,32].

Based on the study data, the highest level of evidence for the
effectiveness of SCIT and SLIT is given with grass pollen extracts.
Grass pollen tablets (SLIT) have been officially approved based

on clinical trials for adults and children.

Sublingual immunotherapy

Long-term results, which document a persistent post-treatment
effect of SLIT for adults, have been published [3334]; efficacy on
allergic asthma, asthma preventive effects and preventive effects
in terms of avoiding new sensitizations have not been sufficiently
investigated; however, the results of large prospective studies will
be available in the next few years (35]. The database for SLIT
with other allergens is mainly considered as insufficient [12]. Some
extracts from other sources of allergens have not been thoroughly
investigated in clinical trials but have attained the status of an
approved product. The approval status of allergen products is
available on the Internet [104]. SLIT is conducted in a perennial
treatment scheme or pre/co-seasonally. In an average patient, only
the first intake needs doctoral supervision. Care must be taken
on an intact oral mucosa, since increased side effects may occur
with oral mucosa lesions. Therefore, after tooth extractions or
gum treatments, therapy may be paused. Treatment should not be
carried out immediately after teeth brushing. Studies on the onset
of action of SLIT with a grass pollen tablet showed a significant
effect of the therapy 30 days after the start of treatment [36].

Experimental routes for delivery of immunotherapy
As shown above, the subcutaneous and sublingual applications
of allergen extracts are well established. As experimental alterna-
tives, intralymphatic immunotherapy (ILIT) and epicutaneous
immunotherapy as delivery routes for allergen application have
been described in recent years.

Senti ez al. were able to demonstrate the same clinical efficacy
with only three intralymphatic injections within 8 weeks using
a 100-times reduced cumulative allergen dose if compared with

a 3-year conventional SCIT. The intralymphatic injections were
judged by patients to be less painful than venous blood samples.
The rate of side effects was significantly lower than in the conven-
tional SCIT and compliance was higher due to the low number
of injections [3738].

In a similar approach, this group further improved intralymphatic
allergen administration by targeting allergen to the MHC class II
pathway using a recombinant major cat dander allergen, Fel d 1, that
had been fused to a translocation sequence (TAT) and to part of the
human invariant chain, generating a modular antigen transporter
(MAT) vaccine (MAT-Fel d 1) [39].

In a randomized, double-blind clinical study, ILIT with MAT-Fel
d 1 in alum was compared with ILIT with placebo (saline in alum)
in allergic patients. The authors demonstrated that ILIT with MAT-
Fel d 1 elicited no adverse events. After three placebo injections
within 2 months, the tolerated allergen dose in nasal allergen chal-
lenges increased less than threefold, whereas three intralymphatic
injections with MAT-Fel d 1 increased the tolerated dose in nasal
challenge 74-fold (p < 0.001 vs placebo). ILIT with MAT-Fel d 1
stimulated regulatory T-cell responses (p = 0.026 vs placebo) and
increased cat dander-specific IgG(4) levels by 5.66-fold (p = 0.003).
The IgG(4) response positively correlated with IL-10 production
(p <0.001). Thus, the authors concluded that in this first-in-human
clinical study, ILIT with MAT-Fel d 1 was safe and induced nasal
allergen tolerance after three injections.

Kiindig discussed the advantages of ILIT and counted the low
number of only three injections and the low allergen dose required
in comparison to subcutaneous and even more to sublingual
administration as major advantages [40].

Senti ez al. claimed that the allergen dose in ILIT, if compared
with SCIT, could be reduced 10-100-fold [41]. They stated that
intralymphatic injections proved easy to administer, practically
painless and safe, and that in mice and men, intralymphatic
immunotherapy injecting allergens into a subcutaneous lymph
node markedly enhanced the protective immune response, so
that both the dose and number of allergen injections could be
reduced, making SIT safer and faster, which enhances patient
convenience and compliance.

The same group, Senti ez al., for the first time used epicutaneous
allergen administration using a patch as an alternative method of
allergen delivery in immunotherapy [38]. This transcutaneous route
should improve patient compliance and safety. In a monocentric,
placebo-controlled, double-blind trial, the authors included
37 adult patients with positive skin prick and nasal challenge tests
to grass allergen. These patients were then randomized to a group
with allergen patches (n = 21) or the second group receiving pla-
cebo patches (n = 16). Patients were treated before and during the
2006 pollen season, and follow-up visits took place before (n = 26)
and after the 2007 pollen season (n = 30). The results in the nasal
challenge tests were the primary outcome measures.

In verum-treated patients, the scores in nasal challenge tests
in the first (p < 0.001) and second year (p = 0.003) significantly
decreased. In placebo-treated patients, the scores decreased after
1 year of treatment in 2006 (p = 0.03), but the effect diminished
in the second year (p = 0.53). The improvement of nasal-challenge
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test scores was not significantly better in the verum versus placebo
group. However, overall treatment success was rated significantly
higher by the allergen-treated group than by the placebo group
(2006: p = 0.02; 2007: p = 0.005). Eczema after allergen patch
application was seen as a local adverse event (AE); however, it was
noted as proof of the local stimulation of specific T-cell responses
by the treatment. No severe adverse events were observed.

Another monocentric, randomized DBPC trial was performed
on 132 patients with grass pollen-induced rhinoconjunctivitis by
the same group using a dose—response model [42]. Patients received
either placebo or three different doses of allergen. A total of six
weekly patches were applied before and during the 2008 pollen
season. After 4—5 months (n = 110) and during the pollen season of
the treatment-free follow-up year in 2009 (n = 93), efficacy meas-
urements were performed. Patient-reported changes in hay fever
symptoms were used as primary outcome measures. A visual analog
scale was used for this measurement. In addition, the use of rescue
medication, changes in conjunctival and skin reactivity, as well as
safety parameters were detected as secondary outcome measures.

Symptoms of allergic rhinoconjunctivitis were reduced by more
than 30% during the 2008 grass pollen season and by 24% during
the 2009 grass pollen season in the high-dose group compared
with that in the placebo group. The alleviation of symptoms in the
follow-up year was dependent on the treatment dose. Drug-related
AEs occured in the higher allergen doses, predominantly mani-
fested by pruritus, erythema, wheal or eczema. Eleven systemic
grade 1-2 AEs of required treatment and led to study exclusion.
The dropout rate due to AEs was 8.3%. No serious drug-related
AEs were recorded. Thus, the authors concluded that epicutane-
ous immunotherapy is safe and efficacious in a dose-dependent
manner after only six patches.

The authors are of the opinion that epicutaneous allergen-specific
immunotherapy is attracting increasing attention because of its
capacity to offer a safe, needle-free and potentially self-administrable
treatment option for IgE-mediated allergic diseases [43].

Advantages of the epidermis for allergen delivery are thought
to be that it contains high numbers of potent antigen-presenting
Langerhans cells to enhance efficacy as well as it being a nonvas-
cularized multilayer epithelium in order to minimize inadvert-
ent systemic distribution of the allergen and therefore systemic
allergic side effects [44.45). Whether allergen preparations for
intralymphatic or epicutaneous delivery of allergen immuno-
therapy will be certified as registered products and will become
commercially available in the future cannot be predicted thus far.

Do adjuvants change immunotherapy delivery
methods?

MPL

The addition of adjuvants is aimed at reinforcing the immuno-
logical modulation of allergen-specific T-cell responses toward
tolerance. Under this premise, in Europe a preparation containing
monophosphoryl lipid A (MPL) is available. MPL is a derivative
of lipid A from the lipopolysaccharide (LPS) of the cell wall of
Salmonella minnesota R595. In the 1950s, the adjuvant proper-
ties of LPS were examined for the first time in animal studies for

vaccinations [46]. Subsequent modifications to the LPS molecule
led to an almost complete elimination of the toxicity of MPL with
obtained immunogenic properties [47]. Today, MPL-containing
vaccines are available for various indications (hepatitis B, cervical
cancer, and so on) [46]. In allergen-specific immunotherapy, MPL
has been used as an adjuvant in an iz vitro study by Puggioni
et al. [47).

Mononuclear cells from 13 grass pollen allergic patients were
incubated with an extract of phleum pratense with and without
MPL. Thl respectively Th2-associated cytokine production was
analyzed and revealed an attenuation of the Th-1 directed immune
response with a significant increase in IFN-y production and signif-
icantly decreased IL-5 production in the costimulation of allergen
and adjuvant in comparison to sole incubation with allergen.

The results of other in vitro studies of mononuclear cell cultures
also demonstrated increased production of the Thl-associated
cytokines IL-10 and IL-12, which was mediated by binding of
MPL to TLR2 and TLR4 (46].

A Th-1-directed cytokine profile was also found in a placebo-
controlled double-blind study of 14 patients with tree pollen
allergy that received short-term preseasonal therapy with a MPL-
adjuvanted allergoid [48]. There was significantly increased pro-
duction of IFN-y as well as suppression of Th2-related cytokines
IL-4 and IL-5 in the season if compared with the placebo group.

In a larger DBPC Phase III trial on 141 grass pollen-allergic
patients, the clinical efficacy of SCIT was described with a grass
pollen allergoid using tyrosine as a depot carrier with MPL
adjuvant [49].

Compared with placebo, in the first grass pollen season after
a preseasonal short therapy with only four injections of either
placebo or verum, a significantly improved nasal and conjunct-
ival symptom score as well as a significantly improved combined
symptom medication score was found. In addition, the actively
treated patients had significantly reduced reactivity in the skin
prick test. Immunologically, an increase in grass pollen-specific
IgG and suppression of the seasonal IgE-increase (‘blunting’) was
seen in the treatment group.

However, the previously published clinical studies on the use
of MPL as an adjuvant in SCIT leave the question of whether the
observed clinical and immunological effects are actually caused
by the adjuvant due to a lack of efficacy trials in comparison to
an allergen extract with and without adjuvant.

When using the sublingual route for delivery of allergen
immunotherapy, adjuvants such as MPL may also be an interest-
ing option. /n vitro data by Allam ez al. gave evidence that human
oral dendritic cells express high levels of lipopolysaccharide recep-
tors (CD14) as well as TLR4 receptors on their surface [50,51].
Later, laboratory experiments by Allam ez a/. found an enhanced
IL-10 production and a suppression of T-cell proliferation when
oral DCs were stimulated with TLR4 ligands [s2].

Based on these findings, the authors group performed the first
Phase I/II dose-ranging placebo-controlled clinical trial with
MPL-adjuvanted SLIT on 80 grass-pollen allergic adult patients
[53]. Patients were randomized into the following four therapy
groups receiving different doses of a grass pollen extract and
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different doses of MPL: group 1: 9.45 pg Phl p 1, no MPL; group
2:9.45 pg Phlp 1+ 21 pg MPL; group 3: 9.45 ug Phlp 1 +52.5 pg
MPL; and group 4: 19 pg Phl p 1 + 52.5 pg MPL. Besides a good
tolerability to all investigated MPL doses, patients receiving the
highest amount of MPL revealed early immunological effects as
well as the highest proportion of negative allergen-specific nasal
challenge test results after initiation of a 2-month SLIT course,
whereas the increase in the allergen dose had no such effect. These
encouraging preliminary results on adjuvanted SLIT in humans
should now be confirmed in larger clinical Phase II/1II trials.

Aluminum hydroxide
In allergen-specific immunotherapy, aluminum hydroxide (AH)
was introduced by Sledge in 1938 due to its marked deposit effect
in order to minimize the release of the allergen and thus the rate of
systemic unwanted reactions [s4]. In addition, immunological effects
of a costimulatory dose of allergens and AH have been shown,
which indicate an adjuvant effect of this depot carrier. In animal
experiments, AH has been shown to act as an adjuvant (review
in [55]). In flow cytometric analyses, the Th2 cytokine-weighted
(IL-5 and IL-13) cytokine pattern was significantly reduced after
stimulation of sensitized mononuclear cells by the administration
of AH [s6], which may be a hint for a potential protolerogenic effect
due to the increase of protolerogenic Treg cells and shift in “Th2
to Thl shift’ balance. However, the specific adjuvant effect of AH
in the immune response of SIT has not been found in more detail.
In a large, multicenter DBPC dose-finding study in 410 grass
pollen allergic patients, the efficacy of a grass pollen extract bound
to AH in two maximal doses (10,000 or 100,000 units SQ) has
been examined [57]. Here, there were some dose-dependent effects in
clinical symptoms and medication scores of actively treated patients
during the grass pollen season compared with the placebo group.
In a recent randomized, controlled, parallel-group trial from the
authors’ group, patients with grass pollen induced rhinoconjunctivitis
with/without asthma were treated with an optimized ratio of a grass
pollen extract and adjuvant AH-SCIT formulation (AVANZ, ALK,
Denmark) (s8]. The trial included uptitration with five injections
(300, 600, 3000, 6000 and 15,000 SQ+) injected in either weekly
intervals (group 1) or intervals of 3—4 days (group 2) followed by
two maintenance injections (15,000 SQ+) — approximately 10 weeks
of treatment. The immunological effects (primary end point) and
tolerability (secondary end point) of the uptitration schedules
were evaluated. A total of 400 patients were treated (group 1: 201;
group 2: 199). In both groups, an immunological response with sta-
tistically significant increases in levels of IgE-blocking factor, IgG (4)
and IgE (p < 0.001) was induced from baseline to the end of the trial.
The most frequently reported adverse events were local injection site
reactions such as as injection site swellings (group 1: 30% of patients;
group 2: 41% of patients). Other frequently reported adverse events
included systemic reactions (group 1: 21% of patients; group 2:
33% of patients), primarily mild-to-moderate allergic rhinitis and
urticaria. The authors judged this new fast updosed immunologi-
cally enhanced SCIT with an optimized allergen/adjuvant ratio to
induce significant immunological effects and to have an acceptable
safety profile. Whether and to what extent AH has adjuvant actions

in addition to its storage function cannot be answered definitively,
as appropriate ‘head-to-head’ comparison studies (allergen extract
vs AH-adjuvant allergen extract) are still pending. The use of other
molecules as adjuvants in SIT is currently under investigation in
clinical trials (reviewed in [46)).

Immunomodulating substances

Virus-like particles & CpG-motifs

Virus-like particles (Vlps) are supramolecular particles with
diameters in the range of 25-100 nm. Their structure is either
icosahedral or rod-like (59]. A key attribute is their property to
spontaneously self-assemble into virus-shaped particles. These
self-assembly systems follow the expression of one or several viral
proteins — mostly viral envelop proteins, sometimes viral core pro-
teins [60]. Vps consist of highly repetitive surfaces, a proteinaceous
shell and a lumen in which certain adjuvants (pathogen-associated
molecular patterns) can be stored [59]. These features make Vlps a
potent vaccine platform enabling a rapid and fulminant humoral
immune response. Thus, Vlps can be used as carriers displaying
antigens of choice on the surface [60.61].

At the start of a sufficient immune reaction, Vlps are taken up
by APCs. The size of Vlp nanoparticles (20-200 nm) then facili-
tates B-cell receptor crosslinking, B-cell activation and activation
of complement, stimulation of CD4 T cells, crosspresentation by
MHC class I molecules and priming of CD8 T-cell responses [62,63).

TLR ligand adjuvants: CpG motifs

Research has revealed that Vlps typically induce poor T-cell
responses in the absence of stimulating adjuvants. By adding stimu-
lating adjuvants, the innate immune system will be activated more
easily, leading to an efficient long-lasting adaptive immune response
(59.60]. TLR ligands were found to be stimulating adjuvants, which
could be combined with Vlps or used alone [64.65].

They belong to the so-called pathogen-associated molecular pat-
terns. One of the best analyzed and characterized TLR ligands are non-
methylated CpG oligodeoxynucleotides (CpG-ODN/CpG-motifs).
CpG-motifs interact with intercellular TLR9 localized in the
endoplasmic reticulum mainly in plasmacytoid dendritic cells and
B cells [64.65].

Actual clinical experience with Vlps/CpG-motifs for the
treatment of allergic rhinitis

Lately, Vlp technology and CpG-motifs have been tested in vari-
ous routes and combinations to treat different clinical disorders.
The most successful Vlp representatives probably include the
HPV vaccines Gardasil (Merck & Co, NJ, USA) and Cervarix
(GlaxoSmithKline, London, UK), which have been licensed for
the European market and partly for the US market [66,67]. Actual
clinical experiences with VIps/CpG-motifs for treatment of allergic
thinitis have been presented in four clinical studies.

Kiindig ez al. conducted a randomized Phase I study with
QB Vlp coupled to a synthetic 16-amino acid sequence of
Der p 1 (QB—Der p 1) which was applied to 24 healthy volun-
teers. The 24 healthy participants were allocated to four groups:
group 1 received 50 pg QB—Der p 1 intramuscularly; group 2
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received 50 pg QB—Der p 1 subcutaneously; group 3 received
10 pug QP-Der p 1 intramuscularly; and group 4 received 10 pg
Qp-Der p 1 subcutaneously. All subjects received another two
injections of 10 g (after 1 month and 3 months). Antibody titers
were monitored for 18 months. Only mild local reactions were
reported. Furthermore, rapid IgM and IgG responses (especially
IgG 1 and IgG3) and highly specific anti-Der pl and anti-Qf
antibodies (~30-fold) were induced. IgE antibodies did not
change. No difference was observed between the intramuscular
and subcutaneous application mode [68].

Creticos et al. tested an Amb a 1 antigen conjugated to
CpG-ODN in a randomized, double-blind, placebo-controlled
Phase II study in 25 patients allergic to ragweed. All patients
were vaccinated six times at weekly intervals. The primary end
point (nasal vascular permeability assessed by nasal-lavage albu-
min) could not be influenced significantly by the active treatment.
Allergic rhinitis symptoms were relieved and quality-of-life scores
were improved considerably during the first ragweed pollen season
after treatment. The benefit also remained during the next pollen
season (2 years after vaccination). No serious adverse events cor-
related to the verum treatment appeared. Specific IgE was dimin-
ished during ragweed season, but only a moderate Amb a 1-specific
and ragweed-specific IgG response was induced [69].

Senti er al. investigated the safety, tolerability and clinical
efficacy of A-type CpG-ODN packaged in QB Vlp (QBGI10)
together with a standardized house dust mite (HDM) extract.
Twenty patients allergic to HDM were enrolled in a single-center,
open-label study. Immunotherapy consisted of the following two
phases: first, the patients were treated with sole allergen extract
according to a standard dose—escalating cluster regimen, followed
by immunotherapy with allergen and QBG10 given six times
every 1-2 weeks. Clinical end points included conjunctival provo-
cation test, allergic and asthmatic symptom and quality-of-life
assessments, skin prick tests and antibody titers. The combination
of QBG10 and HDM allergen extract was safe and well toler-
ated. Symptoms of allergic rhinitis and allergic asthma were sig-
nificantly reduced and HDM-specific IgG antibodies increased.
IgE antibodies declined after a slight increase at the beginning
of therapy. The authors proposed that CpG-motifs might allevi-
ate allergic symptoms alone due to the activation of the innate
immune system and Thl cells [70].

This might conform with the ‘hygiene hypothesis’, suggest-
ing that the underlying reason for the rapidly increasing inci-
dence of allergy is due to the reduced exposure to environmental
pathogens [71-73]. One step to a normal immune response is
suggested to be the shift from emphasized Th2 response to a
Th1 response. However, it seems to be unlikely that the benefi-
cial effects of microbial exposure (such as CpG-ODNs) resule
mainly from a ‘protective’ Thl response. Moreover, the genera-
tion of T-regulatory cells seems to play a major role in the bal-
ance of Th1 and Th2 effector cells [72,73]. Thus, allergies might
be treated by CpG-motifs. Questions remain on how CpG-
ODNs would interact with the induction of T-regulatory cells
and Thl, or which other cells are important for their influence
on allergy.

Our group published a randomized, double-blind, placebo-
controlled, multicenter Phase IIb study using a QB Vlp filled
with an A-type-CpG-ODN (CYT003-QBG10) [74]. A total
of 299 patients allergic to HDM were included and received
six weekly injections with either study drug or placebo. Overall,
the study lasted 9 weeks. Clinical end points were ocular and
nasal allergy symptom medication score, quality-of-life score and
conjunctival provocation tests. The treatment was found to be
safe and generally well tolerated. Symptom medication scores
were significantly improved. The interesting fact in this clinical
trial was that CpG-ODNs seemed to influence allergic symptoms
positively, even in the absence of a specific allergen.

Unsolved issues in Vlp technology include whether antigen-
specific T-cell presentation is needed for induction of a balanced
immune response and which types of antibodies have the most
protective abilities. In addition, it might be helpful to under-
stand more explicitly the interaction between Vlps and APCs or
T-regulatory cells. This could solve the question of whether aller-
gen components need to be attached to Vlps or not. Meanwhile,
many types of recombinant hypoallergens or allergen peptides
have been developed. Perhaps combined with Vlp technology,
those antigens could evoke an even greater breakthrough for the
treatment of allergic diseases. The first clinical experiences with
different compositions of VIp/CpG-motif vaccines proved to have
good clinical tolerance and immunogenic potential. Larger stud-
ies have to follow on to gain more detailed knowledge of this new
technology. Certainly, Vlps/CpG-motifs show great potential
to be promising candidates for the prophylactic or therapeutic
treatment of allergic rhinitis.

Expert commentary & five-year view

Allergen-specific immunotherapy (SIT) is a disease-modifying,
immunologically based treatment option for IgE-mediated aller-
gies such as allergic rhinoconjunctivitis and allergic asthma. From
the different delivery options for SIT, subcutaneous and sublin-
gual immunotherapy are well documented — at least on the level of
certain well-documented products. Other local immunotherapies,
such as bronchial, nasal and oral applications, are not accepted.
SCIT and SLIT can affect the progression of allergic disease in a
certain population of patients, sometimes permanently.

New application routes such as epicutaneous and intralymphatic
delivery of allergens have been evaluated in clinical trials and may
become more important. Moreover, new immune-modifying agents
such as Vlps and CpG-motifs and adjuvants may dramatically
change allergen immunotherapy in the future. Over the next 5 years,
the authors anticipate that results from hypothesis-driven rand-
omized controlled trials will become available that can hopefully
clarify the clinical value of these immune-modifying agents.

With regard to the epicutaneous and intralymphatic immuno-
therapies, commercial extracts need to be developed that are based
on the current European regulations for the classification, com-
position and quality requirements of allergen extracts. Therefore,
clinical trials with allergen products for epicutaneous and intralym-
phatic immunotherapy needs to be performed that deliver data on
gradual dose—escalation studies and DBPC efficacy trials.
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Key issues

Subcutaneous immunotherapy is the standard delivery method in allergen-specific immunotherapy.
Sublingual immunotherapy is the second best evaluated delivery method that has been especially well documented for grass allergen

tablets.

Nasal, oral and bronchial immunotherapy are not accepted as delivery methods for allergen-specific immunotherapy.
Intralymphatic and epicutaneous immunotherapy are experimental methods for allergen immunotherapy that need further evaluation

in larger clinical trials.

Virus-like particles and CpG-motifs, as well as adjuvants such as monophosphoryl lipid A, may change allergen immunotherapy in the

future.
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1. The activity supported the learning objectives.

2. The material was organized clearly for
learning to occur.

3. The content learned from this activity will
impact my practice.

4. The activity was presented objectively and
free of commercial bias.

1. You are seeing a 14-year-old young man with a history of moderate persistent asthma and allergic rhinitis. What
should you consider regarding the epidemiology of these diseases?

0OA

] B
0c
0D

Up to two-thirds of adolescents may report rhinitis symptoms

Allergic rhinoconjunctivitis affects approximately 5% of the general population
Allergic asthma affects approximately 1% of the general population

Most patients with allergy use prescription medications to alleviate symptoms

2. After further questioning, you realize that this patient is a candidate for immunotherapy. What should you
consider regarding the practice of subcutaneous immunotherapy (SCIT)?

A

B
¢
0D

It is better to wait until this patient is older to begin SCIT

The treatment course with allergoids is usually 20 weeks
Treatment can be provided throughout the year or just seasonally
Antihistamines should be avoided around the time of SCIT

3. The patient initially refuses SCIT. Which of the following means of delivery of immunotherapy is most accepted

after SCIT?

O A Transbronchial
1 B Sublingual

(1 C Epicutaneous
0 D Nasal

4. After some discussion, the patient agrees to SCIT. What should you consider regarding adjuvants which may

enhance the efficacy and tolerability of SCIT?
A
] B
ac
0 D VLPs have yet to be incorporated into vaccines

Monophosphoryl lipid A (MPL) acts mainly by increasing the expression of interleukin-5 (IL-5)
There is no clinical data to support the use of MPL in immunotherapy
Virus-like particles (VLPs) can self-assemble into virus-shaped particles
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