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Abstract

Background—~Prevention of new IgE sensitizations has been described during allergen-specific
immunotherapy. However, prospective data using a preventive approach in very young children
who would benefit most are missing. We initiated a prospective pilot study investigating the safety,
immunomodulatory, and sensitization-preventive effect of sublingual immunotherapy (SLIT) in
mono/oligoclonally sensitized, clinically asymptomatic children 2-5 yr of age.

Methods—In this double-blinded, randomized, placebo-controlled pilot study, 31 mono-/
oligosensitized children to house-dust mite or grass pollen were included. SLIT with the respective
source (n = 15) or placebo (n = 16) was applied. After dose-up-phase therapy was continued for 2
yr. Parents recorded clinical events, vaccinations, and drug intake in a diary. Skin prick testing and
specific IgE and IgG measurements were recorded at baseling, 12 and 24 months. At the same
time, allergen-specific proliferation and IL10- and TGFp-dependent Treg function were measured.
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Results—Preventive application of SLIT in young children was safe (no relevant side effects in
21,170 single applications). After 12 and 24 months of treatment, the rate of allergen-specific
sensitization (specific IgE and SPT reactivity) was comparable in the treatment and the placebo
group. However, verum-treated patients displayed a significant up-regulation of allergen-specific
1gG (p < 0.05). Furthermore, 1L10-dependent inhibition (p < 0.05) was observed /n vitro in the
treatment group but not in the placebo group.

Conclusion—Preventive SLIT is safe in children 2-5 yr of age and induces regulatory
mechanisms involving allergen-specific 1gG and IL10. Based on this pilot study, large-scale trials
will need to investigate the modulation of sensitization and clinically relevant allergy.
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Allergen-specific immunotherapy (AIT) is regarded as the most efficient therapy in
established IgE-mediated allergic diseases (insect venom allergy, allergic rhinitis, and
bronchial asthma). Early and long-lasting clinical improvements based on immunologic
changes can be achieved (1-4). Although the clinical response to immunotherapy has been
proven to be allergen-specific (5, 6), there is emerging evidence that administration of
appropriate immunotherapy from one allergen source to mono/oligo-sensitized children can
reduce the likelihood of patients developing additional sensitizations from other allergen
sources (3, 7-10). Thus, an allergen-specific and a bystander effect of preventive AIT have
been postulated. These effects have been shown in retrospective and prospective studies with
subcutaneous allergen immunotherapy and sublingual immunotherapy (SLIT) using
conventional treatment protocols (3, 7-11). Due to the less invasive approach, the sublingual
route (SLIT) is preferred among pediatricians, in particular in young children. Immunologic
changes in SLIT have been described within 1-2 months of treatment (12, 13). However,
placebo-controlled trials addressing the allergy/sensitization-preventive effect have not yet
been performed. This study has thus been designed to understand the effect and mechanism
in such a setting. In this first randomized, placebo-controlled, allergen-specific, preventive
sublingual immunotherapy (pSLIT) pilot trial mono/oligosensitized children 2-5 yr of age
were treated with a conventional dosing and duration protocol for 2 yr. Children had
symptoms of the upper/lower airways and the skin, but these were infection-related and not
allergen exposure associated. Thus, change in clinical symptoms was not taken as outcome
parameter. Instead, the main primary outcome parameter was defined as development of new
(or additional) sensitizations during the treatment period and not monitoring of clinical
symptoms.

Materials and methods

Study population and design

We included (randomized) 31 patients, aged 2-5 yr, with a sensitization to house-dust mite
or grass pollen as defined either by skin prick test (ALK-Abell6, Hamburg, Germany) or by
specific IgE antibody testing (ImmunoCAP®; Thermo Fisher Scientific-Phadia AB,
Uppsala, Sweden) (Fig. 1). Children with defined allergen-(season) related symptoms and
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children under persistent treatment with topical steroids (for upper or lower airways or skin)
were excluded.

Skin prick testing with a panel of standardized allergens (Dermatophagoides pteronyssinus,
6-grass—pollen mix, birch pollen, Cladosporium herbarum, Alternaria alternata, peanut, cat-
and dog dander, hen’s egg, and cow’s milk; ALK-Abell6) was performed by the blinded
personnel according to established guidelines before and at 12 and 24 months of
immunotherapy treatment. A wheal of at least 3 mm was regarded as positive. Serum-
specific IgE and IgG antibody levels were measured at the same time points with the use of
the Immuno-CAP® (Thermo Fisher Scientific-Phadia AB and chip-based microarray
[Thermo Fisher Scientific-Phadia AB (14)]. A positive-specific IgE level was defined as
larger than 0.35 ku/L for Immuno-CAP® and as larger than 0.3 ISU (ISAC standard units)
for the microarrayed chip measurements.

Heparinized peripheral blood was collected at time point of inclusion (before IT; V1) and
after 12 (V2) and 24 (V3) months of immunotherapy treatment. Peripheral blood
mononuclear cells (PBMC) were isolated.

The study protocol and consent forms were approved by the institutional review board of the
Medical University of Vienna. Written informed consent was obtained from parents or
guardians. The study protocol has been approved by the European Drug Agency (EMA,
EudraCT 2006-007096-32).

Randomization and SLIT protocol

Immunotherapy extract (NovoHelisen®) and placebo were provided by Allergopharma
(Reinbek, Germany). Allergen concentrations were defined as follows: der p1 9.4 pg/ml and
der f1 5.7 pug/ml, group V grass pollen 13.4 pug/ml, respectively. The participants were
randomly assigned by means of a block randomization 2:2 to receive either placebo or
verum immunotherapy with either grass pollen or house-dust mite extract (according to the
individual sensitization profile, with a total of 15 children receiving active SLIT and 16
receiving sublingual placebo). In case of oligosensitization (2—3 sensitizations), house-dust
mite or grass pollen extract was chosen (there was no house-dust mite/grass pollen double
sensitization in any case). The protocol for SLIT consisted of two phases: an initial dose
escalation and a maintenance phase as described by the manufacturer and used for treatment
purposes in grass pollen or house-dust mite allergic individuals. During the treatment period,
parents were instructed to note all clinical events, vaccinations, and medical treatments on a
diary record that was collected every 3 months by the study nurse.

The study was blinded until the final data lock file was sent to the Center for Medical
Statistics, Informatics and Intelligent Systems, Medical University of Vienna. The
randomization institution (Allergopharma) provided thereafter the unblinded patient list to
the Center for Medical Statistics, Informatics and Intelligent Systems. Data analysis of the
primary outcome parameter was thereafter provided to the study center. For further
calculations of the immunologic parameters study, personnel was unblinded.
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Antigens and antibodies

Purified nDer p 1 was kindly provided by Wayne Thomas (Telethon Institute for Child
Health Research, University of Western Australia, Perth, Australia), and rDer p 2 was
generously provided by Susanne Vrtala (Institute of Pathophysiology and Allergy Research,
Medical University of Vienna, Austria). rPhl p 1, rPhl p 5, and rBet v 1 were purchased from
Biomay (Vienna, Austria). Human TGF Receptor Il and 1L10 were blocked using mAb
from R&D Systems (Abingdon, UK).

Proliferation assays

For proliferation experiments, freshly isolated PBMCs were cultured in triplicates in serum-
free UltraCulture medium (Lonza, Basel, Switzerland, supplemented with 2 mm L-glutamine
and 170 mg/l gentamycin sulfate, both Sigma-Aldrich, St. Louis, MO, USA) alone or in the
presence of rPhl p 1, rPhl p 5, nDer p 1, rDer p 2, rBet v 1 (10 pg/ml each), and anti-CD3
(250 ng/ml). For inhibition experiments, PBMC was incubated with the above mentioned
allergens in the presence of a neutralizing anti-TGFp- (150 ng/ml), or anti-1L-10- (both 50
ng/ml) and an isotype-matched control antibody. After 6 days, proliferation was determined
after 16 h by 3H-thymidine (Perkin Elmer, Waltham, MA, USA) incorporation. Results are
displayed as stimulation index, calculated by mean cpm of stimulated cultures/mean cpm of
unstimulated cultures. The degree of cytokine-mediated inhibition was calculated as fold
increase of proliferation to the respective allergen in the presence of anti-IL10 or anti-TGF-$
antibodies as compared to the respective isotype controls and the allergen (13).

Statistical analysis

Sample size calculation wase based on results from uncontrolled or open controlled studies
investigating the effect of AIT in young allergic children. Considering IgE sensitization
effects, a sample size of 70 in each group would have 80% power to detect a probability of
0.320 that an observation in placebo group is less than an observation in verum group using
a Wilcoxon (Mann-Whitney) rank-sum test with a 0.050 two-sided significance level. A
smaller sample size was used in this pilot study to evaluate at first safety and effectiveness in
a vulnerable study group that has not yet been treated with such a treatment.

The main outcome parameter was the number of positive sensitizations (of the 10 performed
tests: Dermatophagoides pteronyssinus, 6-grass—pollen mix, birch pollen, cladosporium
herbarum, alternaria alternata, peanut, cat- and dog dander, henn’s egg, and cow’s milk)
calculated for each patient.

Poisson regression models (for repeated measurements) were used to investigate the
influence of group (verum vs. placebo), year, age, gender, positive family history, and
number of infections on the number of sensitizations. Therefore, first, an univariate model
was calculated and then univariate significant variables were further investigated in a
multiple poisson regression model.

Comparisons between the time points (baseline, 12 and 24 months) of allergen-specific 1gG
and IgE levels and impact of anti-IL10 and anti-TGFb treatment on proliferation were
performed using Wilcoxon-signed rank test (secondary outcome measure). For comparisons
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of baseline characteristics between the two groups, Mann-Whitney U-test or Fisher Exact
test was applied. p-values were declared significant at levels <0.05. All analyses were
performed using the sas 9.1 System release 2.12.

Results

Patient characteristics and side effects

Based on the inclusion criteria as defined by IgE-mono/oligosensitization to the most
common allergens in this age group at an age of 2-5 yr without clear-cut clinical symptoms,
199 patients were eligible for participation in the trial. Thirty-three consented to participate
and underwent a screening procedure. Thirty-one of these 33 patients were included in the
pilot trial to receive either SLIT to house-dust mite or grass pollen according to their
sensitization profile or the placebo (verum n = 15, placebo n = 16, Fig. 1). Three children
received a grass pollen, and 12 children received a house-dust mite extract. Groups were
matched according to age, number of sensitization, gender, and family history (Table 1). In
both groups, patients were predominantly male (70%). The median age at inclusion was 4 yr.
One and two patients, respectively, were lost upon follow-up in the verum and in the placebo
group (Fig. 1).

Any side effect that could potentially be linked to SLIT was documented in a diary.
Preventive SLIT was reported to be safe by the patients and parents within this trial. Among
21,170 single doses applied, one adverse event was reported in the symptom diaries. One
patient who received grass pollen SLIT reported self-limiting burning of the tongue after
applying the medication on three consecutive days with decreasing intensity in the first week
of verum treatment. No further reactions were reported.

Preventive SLIT does not decrease the rate of new sensitizations

Sensitization was assessed at time point before start and at 12 and 24 months
immunotherapy. The number of monosensitized patients decreased while the number of
oligosensitized and polysensitized patients increased in both groups without significant
differences (Fig. 2a). Neither the number of new sensitizations to extracts measured by
ImmunoCAP, including also non-treated allergen sources (Fig. 2b), nor the rate of new
sensitizations to allergen components (n = 58) of the 10 allergen sources measured by
microarray technology were higher in the treatment group than in the placebo group (Fig.
2c). In both groups, component resolved diagnosis revealed that the rate of new
sensitizations to HDM and timothy grass pollen allergens increased significantly over time
(Fig. 2c).

In vivo evaluation of the sensitization profiles by SPT did not show an increased rate of new
sensitizations under verum treatment (Fig. 3a). However, there was a non-significant trend
toward a decreased wheal size to the treated allergen observed in the verum group (Fig. 3b).

At a diary basis, subjective improvement during therapy and clinical symptoms that may be
attributed to allergen exposure were assessed. Irrespective of the type of treatment
improvement was reported in the majority of the patients (not shown).
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Induction of pro-tolerogenic mechanisms via preventive SLIT

Allergen-specific 1gG production to two major house-dust mite allergens Der p 1 and Der p
2 significantly increased in HDM-SLIT-treated patients at 12 and 24 month. This was not

observed in sera of placebo-treated patients (Fig. 4). Allergen-specific IgE production to the
respective allergens significantly increased in the placebo group and decreased in the verum

group (Fig. 4).

To evaluate the role of 1L10 and TGF-B in the context of allergen-specific proliferation,
blocking experiments were performed. In HDM-SLIT-treated individuals, inhibition of IL10
and TGF-B via addition of blocking antibodies led to increased Der p 1-specific
proliferation. This inhibitory effect was not seen upon addition of anti-IL10 or anti-TGF-3
antibodies in placebo-treated patients. The impact of IL10 and TGFp on allergen-specific
proliferation was statistically significant in the HDM-treated group after 24 months of SLIT
but not in the placebo-treated group (Fig. 5).

Allergen-specific proliferation to the major HDM-allergens Der p 1 and Der p 2 decreased
trend-wise in HDM and placebo-treated patients. This trend was not observed in response to
the control allergen Bet v 1, to which patients were not sensitized at baseline (not shown).

Discussion

Allergen-specific immunotherapy used for allergy treatment has previously been evaluated
for its ability to prevent new IgE sensitizations (7-11, 15). The current study showed safe
application of preventive sublingual allergen-specific immunotherapy in small children (age
2-5 yr) and, unlike previous studies, revealed immunologic changes suggestive of sustained
immunomodulation in a double-blinded, randomized, controlled study design. Previous
treatment studies have consistently shown a reduction of new sensitizations in children
treated for allergic diseases (allergic rhinitis and/or bronchial asthma) (10, 15). In treatment
studies on monosensitized children, although non-placebo controlled, this effect was also
clearly described (7-9, 11). This effect was not seen in the current study. However, the
preventive nature via application of SLIT in children who are IgE-sensitized but non-allergic
is novel. Indeed, placebo group and verum group showed a similar increase in new
sensitizations over the 2-yr treatment period. The induction of new IgE sensitizations (not
significant after correction for multiple testing) by application of preventive SLIT with a
mixture of allergens was very recently observed in a pilot study including atopy prone
infants/children without IgE sensitization to aeroallergens (house-dust mite, cat, and timothy
grass) (16). The authors stressed the point that future study designs addressing this issue
should particularly focus on pre-sensitized individuals, because the induction of antigen-
specific tolerance might typically arise after an obligatory step of transient activation of
primary immunity to the treatment antigen (17, 18). Importantly, SLIT treatment in our trial
did not lead to enhanced rates of sensitization as compared to placebo treatment.

Allergen-specific immunotherapy in allergic individuals aims to reduce symptom scores and
medication use and to increase quality of life (4, 19). All these items were not applicable as
outcome parameters in the current study, as inclusion criteria limited eligible individuals to
sensitized but non-(yet) allergic children. Thus, specific focus was put on the immunologic
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changes along the 2-yr treatment period. Two parameters were of particular interest:
involvement of 1L10 and TGFp as regulatory T-cell products (20) and increase of allergen-
specific 1gG antibodies (21). Along successful subcutaneous and SLIT IL10 and TGF were
shown to increase as surrogate marker of tolerance development. Low-allergen-dose studies
did not reveal a sustained production of IL10 and/or TGF in their culture systems (22), but
more recent studies applying mediumallergen doses were more successful in measuring
regulatory cytokine involvement in successfully treated patients (12, 13). High-dose
treatment approaches using self-dissolving sublingual tablets revealed induction of an I1L10-
dependent modulation (23) in some responders. Thus, it is highly remarkable in the present
study that 1L10- and trendwise TGFp involvement was detectable even though
immunotherapy was used in a preventive setting in non-allergic children. The functional
involvement of these cytokines was reflected by re-induction of proliferation upon allergen
encounter (house-dust mite) when anti-IL10 or anti-TGFf was applied in culture. The major
interpretation of these observations might reflect the strong potential of immunomodulation
by immunotherapy in this particular age group coming closer to the described ‘window of
opportunity” for successful treatment/prevention of allergies in the prenatal and early
postnatal phase (24-26).

Allergen-specific 1gG/IgG4 antibodies are induced under allergen-specific immunotherapy
(20). Under particular situations, these antibodies are called blocking antibodies (19, 27), but
not all studies have successfully shown an involvement of IgG antibodies (28, 29). In the
current study, allergen-specific 1gG was predominantly induced in the treatment group. The
functional role of the increase of allergen-specific 1gG could not be evaluated in the present
study.

Appearance and spreading of IgE sensitizations over infancy and young childhood followed
by sequential development of particular allergic diseases represent the basis of the ‘allergic
march’ (30). The overall focus of allergy preventive strategies is to interfere in the early
phases of this development. The present approach clearly followed the secondary preventive
strategy in sensitized but not (yet)- allergic children, based on the fact of an allergen-specific
immune reactivity in which treatment by immunotherapy would induce immunomodulation.
The primary outcome parameter chosen was prevention of new sensitizations. The results of
our study clearly show that immunologic changes are inducible and detectable as early as by
year 1 of treatment. Whether or not the treatment needs 2 yr for achieving sustained effects
cannot be answered by the current approach, but the changes in immunomodulation clearly
reveal a promising approach. Unlike expected, immunomodulation (IL10- and IgG-increase)
was more pronounced than the effect on IgE sensitization. In fact, new IgE sensitizations
developed in both groups, the number of monosensitized children decreased and the number
of oligosensitized and polysensitized children increased in the whole study population
irrespective of the treatment modality.

The SLIT approach in very young children has raised skepticism concerning the use of
soluble allergen drops in an age group that cannot sufficiently hold sublingual allergen long
enough under the tongue to deliver allergens to mucosal immune cells (16). The current
study might provide evidence that preventive SLIT over a treatment period of 1-2 yr would
deliver enough allergen as to mediate immunologic changes (31). Nevertheless, optimizing
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allergen dosing and treatment duration for the use of preventive immunotherapy (sublingual
or subcutaneous) in very young children is one of the main questions to be solved. Overall,
the current pilot study underlines that the approach of immunomodulation by preventive
allergen-specific immunotherapy in early infancy is feasible and larger studies should
delineate more details of optimal application modalities.
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Study design
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Figurel.

Study design, enrollment, randomization, and outcomes.
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Figure2.
No evidence for an enhanced or reduced IgE sensitization rate in patients treated with

preventive sublingual immunotherapy (SLIT). (a) The number of sensitizations to a panel of
allergens (Dermatophagoides pteronyssinus, 6-grass—pollen mix, birch pollen, cladosporium
herbarum, alternaria alternata, peanut, cat- and dog dander, hen’s egg, and cow’s milk) was
assessed via ImmunoCAP. Each patient was assigned as monosensitized (one sensitization),
oligosensitized (2—-3 sensitizations), and polysensitized (>4 sensitizations). Changes over
treatment period are shown. (b) Changes of IgE sensitizations to the 10 allergen sources are
shown over treatment period. (¢) Microarray analysis of IgE sensitization was used to assess
specific IgE antibodies to 58 components of 10 allergen sources (Dermatophagoides
pteronyssinus, 6-grass—pollen mix, birch pollen, cladosporium herbarum, alternaria
alternata, peanut, cat- and dog dander, hen’s egg, and cow’s milk). Each dot represents one
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patient’s serum recognizing an individual number of allergen components of the 10 allergen
sources. p < 0.05; Wilcoxon-signed rank test.
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Skin prick test reactivity is not altered by preventive sublingual immunotherapy (SLIT). Skin

prick tests to a panel of allergens (Dermatophagoides pteronyssinus, 6-grass pollen mix,

birch pollen, cladosporium herbarum, alternaria alternata, peanut, cat- and dog dander, hen’s

egg, and cow’s milk) were performed and assessed during the course of treatment. The
number of positive tests (a) and cumulative diameter was assessed (b). Median levels are

shown in red lines. Differences are only shown if significant.
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Specific 1gG but not specific IgE to house-dust mite allergens significantly increases during
preventive sublingual immunotherapy (SLIT). Specific IgE to Der p 1 and Der p 2 was
measured by ImmunoCAP. Specific 1gG was measured by microarray technology. *p < 0.05,
Wilcoxon-signed rank test. Bars are shown with median and s.e.; dots represent individual

outliners.
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Figure5.

In?juction of allergen-specific IL10- and TGFp-dependent control in preventive sublingual
immunotherapy (SLIT)-treated patients. Allergen-specific proliferation to the major house-
dust mite allergen Der p 1 was assessed in the presence of anti-IL10 or anti -TGFp
antibodies relative to allergen-specific proliferation in the presence of the respective isotype
control in the house-dust mite SLIT-treated group (V, n = 10) and the placebo group (P, n =
14). The degree of cytokine-mediated inhibition was calculated as fold increase of
proliferation to the respective allergen in the presence of anti-1L10 or anti-TGF-p antibodies
as compared to the respective isotype controls and the allergen. V, Verum; P, Placebo; p <
0.05; Wilcoxon-signed rank test.
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Table 1
Baseline characteristics, according to study group

Placebo Verum
Visit V1 V2 V3 V1 V2 V3
n 16 15 14 15 14 14
Age (median) 378 478 578 408 522 6.20
Gender (f/m) 4/12 4/11 4/10 5/10 4/10 4/10
Allergy family history (pos/neg) 9/7 8/7 8/6 9/6 9/5 9/5
Specific treatment assigned (grass pollen/house-dust mite) 4/12 4/11 4/10 3/12 3/11 3/11
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