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Background: BM32 is a grass pollen allergy vaccine based on
recombinant fusion proteins consisting of nonallergenic peptides
from the IgE-binding sites of the 4 major grass pollen allergens
and the hepatitis B preS protein.

Objective: We sought to study the safety and clinical efficacy of
immunotherapy (allergen immunotherapy) with BM32 in
patients with grass pollen-induced rhinitis and controlled
asthma.

Methods: A double-blind, placebo-controlled, multicenter
allergen immunotherapy field study was conducted for 2 grass
pollen seasons. After a baseline season, subjects (n = 181) were
randomized and received 3 preseasonal injections of either
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placebo (n = 58) or a low dose (80 pg, n = 60) or high dose
(160 pg, n = 63) of BM32 in year 1, respectively, followed by a
booster injection in autumn. In the second year, all actively
treated subjects received 3 preseasonal injections of the BM32
low dose, and placebo-treated subjects continued with placebo.
Clinical efficacy was assessed by using combined symptom
medication scores, visual analog scales, Rhinoconjunctivitis
Quality of Life Questionnaires, and asthma symptom scores.
Adverse events were graded according to the European
Academy of Allergy and Clinical Inmunology. Allergen-specific
antibodies were determined by using ELISA, ImmunoCAP, and
ImmunoCAP ISAC.
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Results: Although statistical significance regarding the primary
end point was not reached, BM32-treated subjects, when
compared with placebo-treated subjects, showed an
improvement regarding symptom medication, visual analog
scale, Rhinoconjunctivitis Quality of Life Questionnaire, and
asthma symptom scores in both treatment years. This was
accompanied by an induction of allergen-specific IgG without
induction of allergen-specific IgE and a reduction in the
seasonally induced increase in allergen-specific IgE levels in
year 2. In the first year, more grade 2 reactions were observed in
the active (n = 6) versus placebo (n = 1) groups, whereas there
was almost no difference in the second year.

Conclusions: Injections of BM32 induced allergen-specific IgG,
improved clinical symptoms of seasonal grass pollen allergy,
and were well tolerated. (J Allergy Clin Immunol
2017;NEN;ENE-NEN,)
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Allergen-specific immunotherapy is the only disease-modifying
treatment for allergy and has long-lasting effects, even after
discontinuation.'”

It has been shown that allergen immunotherapy (AIT) is more
cost-effective than pharmacotherapy.® However, there are several
aspects of current allergen extract-based AIT that can be
improved, such as safety and convenience.” There is a need for
safe AIT forms requiring only few administrations. Recently, a
grass pollen allergy vaccine (BM32) has been developed that is
based on recombinant fusion proteins consisting of nonallergenic
peptides derived from the IgE-binding sites of the 4 major timothy
grass pollen allergens (Phl p 1, Phl p 2, Phl p 5, and Phl p 6) and
the preS protein derived from the large surface antigen of the
hepatitis B virus (HBV).® Allergen-specific T-cell epitopes were
reduced in the recombinant fusion proteins of BM32. Therefore
preS was selected to serve as an immunologic catrier protein
providing T-cell help for the production of blocking allergen-
specific IgG antibodies. The immunologic characterization of
BM32 showed a lack of IgE reactivity and allergenic activity,
and at the same time, the vaccine induced allergen-specific IgG
in animals, which blocked allergic patients’ IgE binding to the
grass pollen allergens and inhibited allergen-induced basophil
degranulation.®

In a subsequent clinical skin test study in human subjects, it was
demonstrated that BM32 induced neither immediate type skin
reactions nor T cell-mediated late-phase reactions, as evaluated
by atopy patch testing.” This confirmed the lack of allergenic ac-
tivity and demonstrated that allergen-specific T-cell epitopes,
which in previous synthetic allergy vaccines gave rise to systemic
late-phase side effects, 1913 have indeed been eliminated to a large
extent in BM32.

A subsequent safety and dose-finding study conducted as a
double-blind, placebo-controlled study in an allergen exposure
chamber setting showed that 3 monthly injections of BM32 led to
a significant reduction of total nasal symptom scores during a
6-hour grass pollen exposure in patients treated with 80 and
160 wg of BM32, which was accompanied by a reduction of
the total ocular symptom score and immediate-type skin
sensitivity, as determined by using titrated skin prick tests
(SPTs).'* The clinical effects were associated with an induction
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AE: Adverse event
AIT: Allergen immunotherapy
API: Active pharmaceutical ingredient
AR/C: Allergic rhinoconjunctivitis
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RQLQ: Rhinoconjunctivitis Quality of Life Questionnaire
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SMS: Symptom medication score
SPT: Skin prick test
SS: Symptom score
VAS: Visual analog scale

of allergen-specific IgG (IgG; = 1gG,4 > IgG,) production and a
reduction in allergen-specific T-cell proliferation by inhibition
of IgE-facilitated allergen presentation through allergen-specific
IgG antibodies.'*

Here we report the first double-blind, placebo-controlled,
multicenter field trial, which investigated the clinical efficacy
and immunogenic effects, as well as tolerability, of BM32.

METHODS

Study subjects

To be eligible for the study, subjects had to be aged 18 to 60 years and of
either sex, with a positive history of grass pollen allergy confirmed by a
positive SPT response (wheal >3 mm) to grass pollen extract and
allergen-specific IgE levels (measured by using InmunoCAP; Thermo Fisher
Scientific, Uppsala, Sweden) of at least 3.5 kU,/L to both grass pollen extract
and rPhl p 1/rPhl p 5 at screening or within 12 months before inclusion. They
also had to show moderate-to-severe symptoms of grass pollen allergy during
the grass pollen season (GPS) of the screening year 2012. Major criteria for
exclusion were symptomatic perennial or seasonal coallergies during the
GPS, severe ongoing atopic dermatitis, uncontrolled asthma specified by an
FEV, of less than 70% of predicted value, nasal polyposis, sensitization to
Phl p 7 with allergen-specific IgE levels of greater than 0.35 kUA/L, and
participation in a grass pollen—specific immunotherapy trial or use of
marketed grass pollen—specific immunotherapy in the 2 years before study
start. The complete list of inclusion and exclusion criteria can be found in
the study protocol in the Study Protocol and Table E1 in this article’s Online
Repository at www.jacionline.org. Table I shows that subjects were evenly
distributed regarding age, sex, symptoms, and immunologic characteristics
regarding the treatment groups.

Study design

This study was a multicenter, double-blind, placebo-controlled,
parallel-group, prospective study to investigate the safety and efficacy of
2 years of treatment with BM32 in patients with grass pollen allergy with
allergic rhinitis, mild asthma, or both. The trial has been registered under
EudraCT no. 2012-000442-35 and ClinicalTrial.gov Identifier NCT01538979.
The Study Protocol is available in this article’s Online Repository. This study
was carried out in 11 centers in 5 European countries (5 sites in Germany,
2 sites in Austria, and 1 site each in Belgium, Denmark, The Netherlands,
and Slovenia) and was conducted in accordance with the Declaration of
Helsinki and in compliance with Good Clinical Practice guidelines. The study
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