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Summary

Background. Subcutaneous immunotherapy is an effective treatment of respiratory allergy and
allergoids offer a treatment option characterized by reduced IgE-binding properties to improve the
safety profile. Purpose of this study was to investigate the efficacy and the safety of an injective
monomeric allergoid in patients with moderate to severe persistent allergic rhinitis due to house
dust mites. Methods. in a perspective, controlled, observational study a suspension of 0.70 mL at
10 BU/mL containing a mixture of carbamylated extract of Dermatophagoides was injected monthly
for 12 months, following a 5-weeks build-up phase (0.10-0.20-0.30-0.50-0.70 mL weekly), to 58
patients (mean age 25.1 + 12.7). A matching group of 60 patients (mean age 34.0 + 14.2) was
observed as control, and both groups were allowed to assume standard pharmacotherapy. After
one year, changes from baseline in visual analogue scale for symptoms and drugs intake were
compared; satisfaction rate was based on patients’ and physicians’ judgements. Results. In respect
to baseline both groups showed an improvement in symptoms with a significant difference in favor
of immunotherapy. Drugs intake was significantly lower in patients receiving injections. High level
of agreement was found between doctors and patients on their rate of satisfaction. No serious
reactions occurred, and at least a mild episodic local or systemic reaction was reported by a limited
number of patients. Conclusions. In routine practice injective monomeric allergoid of house dust
mites was safe and associated with a perceived significant clinical benefit in persistent rhinitis shown
by objective and subjective outcomes.
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IMPACT STATEMENT

A 5-weeks up-dosing of SCIT with HDM monomeric allergoid is safe and one year of treatment
appears effective in improving persistent allergic rhinitis in real life conditions.



Introduction

Subcutaneous allergen immunotherapy (SCIT) is regarded as an effective treatment of respiratory
allergy based on the progressive inoculation of increasing amounts of allergen extracts with the
purpose of modulating a protective immune response (1). From the clinical point of view, the short-
term outcome of a SCIT course is the perceived relief of allergy symptoms and the gradual reduction
of antiallergic medications (2, 3). This therapeutic approach has been used in clinical practice for
decades and its efficacy has been remarked by systematic reviews of several clinical studies (4, 5).
The safety of SCIT has been investigated in numerous surveillance studies and the risk factors for
the occurrence of severe adverse reactions have been partially identified (6-8). When proper safety
measures and precautions are implemented, SCIT results generally safe; however, for each
preparation the benefits must be weighed also against the real risks of rare life-threatening allergic
reactions and fatal anaphylaxis (9).

Different research lines have been directed to promote the tolerability and patients’ acceptance of
this medical intervention. All of them share the basic principle of using hypoallergenic variants to
reduce the allergic response against the cure itself (10). Chemically modified allergen extracts,
known as allergoids, have been used for a long time to treat allergic patients with the advantage of
their reduced allergenicity but preserved immunogenicity (11, 12). Different methods of generating
allergoids have been developed in the past years and the polymerization of native allergens was the
most common (13). Subsequently, the carbamylation of lysine residues to generate monomeric
allergoids was introduced, maintaining the same molecular weight and conformational structure of
the native counterpart, but with reduced IgE-binding properties (14). The selective loss of ionic
charge of the e-lysil-residues modified into ureido groups alters the hydrophilic nature of the
molecule important in the expression of IgE reactivity, eluding the risk of generating new epitopes
through the molecular rearrangement. Conversely, the polymerization process, which results from
cross-linking protein with aldehydes to form high molecular weight polymers with fewer exposed
IgE-reacting determinants, can potentially synthesize allergen chains with new epitopes, which may
result in the induction of specific antibodies that are not related to the native protein (15, 16). The
immunological pathways of this active principle have been partially investigated when administered
sublingually, even if further aspects still need to be elucidated (17-19).

Monomeric allergoids have been successfully adsorbed on calcium phosphate (CaP) in depot
suspensions for SCIT. CaP, developed 40 years ago as an adjuvant approved by the World Health
Organization and historically included in vaccines against various infectious diseases, can contribute
to redirect the T-helper 2 immune response toward T-helper 1 and IgG production, like aluminum
salts (20-21).

The purpose of this study was to collect information on perceived efficacy and tolerability of
injective monomeric allergoid with 5-weeks induction scheme in patients with allergic rhinitis (AR)
caused by house dust mites (HDM).



Materials and methods
Patients and study design

This study was performed with a perspective, open-label, controlled design in 5 centers of three
different Italian regions from autumn 2009 to autumn 2010. All participants or their parents were
informed of the nature and objectives of the study and provided their consent. Ethics Committees
were simply notified given the observational nature of the study.

To eligible outpatients, between 12 and 64 years, with a diagnosis of moderate to severe (according
to ARIA classification) HDM-induced persistent AR for at least 1 year, with or without concomitant,
clinically controlled, mild asthma (according to GINA criteria) immunotherapy was prescribed (22,
23). Clinically relevant HDM allergy had to be confirmed by skin prick testing (HDM >3 mm) and/or
HDM-specific serum IgE (>0.7 kU/L). Subjects with sensitization to other seasonal allergens or animal
dander, with respiratory tract infections, pregnancy or lactation, suspected drug or alcohol abuse,
previous immunotherapy with HDM extracts within the last 5 years, continuous or frequent
treatment with systemic corticosteroids, b-blockers and other contraindications for immunotherapy
were excluded from the selection. Lung function was measured at baseline in participants with
history of concomitant asthma, and before injections in case of suspicious loss of asthma control. A
matching group with similar characteristics but unwilling to start immunotherapy and receiving only
standard pharmacotherapy on demand, was used as control (figure 1). No additional diagnostic
procedures to routine standard care were applied, in compliance with the observational nature of
the study. The efficacy assessment was conducted through the evaluation of the improvement in
the health condition related to allergy symptoms at the end of the treatment, and the calculation
of the mean usage of anti-allergic drugs on demand during the study.

Study medication and treatment schedule

Immunotherapy consisted in progressive injections of a suspension of carbamylated monomeric
allergoid mixture of Dermatophagoides pteronyssinus and Dermatophagoides farinae (1: 1) extracts,
adsorbed on CaP (Lais-in®, Lofarma Spa, Milan), standardized at 10 BU/mL, equivalent to 4 ug Eq./ml
of major allergens Group 1 (Der p 1 and Der f 1) (determined on the purified extract before chemical
modification). The biological unit (BU) is equivalent to 1/100 of the concentration of extract which,
before being chemically modified, induces a mean wheal equivalent to that induced by 10 mg/mL
histamine during skin allergy testing.

The treatment schedule was administered according to doctors’ decisions based on the
recommendations of the manufacturer. Subjects were enrolled and treated for 12 months following
a 5-weeks up-titration (0.10-0.20-0.30-0.50-0.70 mL, at weekly step-up). The monthly
maintenance dose was 0.70 mL. After injections, patients remained under medical supervision for
at least 30 minutes and if needed, based on local and systemic reactions, dose adjustments were
admitted, with prompt availability of resuscitation tools. All patients were allowed to assume as
needed antiallergic drugs. A diary was given to all participants to register the intake of antiallergic
medications and report the late side effects of SCIT.

Efficacy and satisfaction assessment

Subjects were instructed to rate at study beginning and after one year a Visual Analog Scale (VAS)
for the level of impairment due to the symptoms of AR (itching, sneezing, rhinorrhea, obstruction)



to analyze changes over time; the average VAS score was calculated (24). Patients graded the
severity of their disease related to mite exposure by putting a vertical line on a 100-mm bar
representing severity from 0: “highest level of symptoms” to 100: “no symptoms”. The question
translated from ltalian language on allergic symptoms was “how much is your wellbeing related to
the severity of allergy symptoms in the last 4 weeks?”.

The VAS on allergy symptoms severity represents a simple, reliable, and fully validated subjective
psychometric response scale in adults. ARIA 2008 guidelines include a rank classification with "mild"
AR = 0-30 mm, "moderate" AR = 31-70 mm and "severe" AR = 71-100 mm, when the scale reflects
the following rating: 0=Not troublesome, 100=Worst thinkable troublesome (25, 26). In this case
the direction of the scale was simply reversed.

The average weekly intake of anti-allergic medications, registered on a diary during the study period,
was calculated by the sum of individual daily score attributed to each drug used, based on the
assumed clinical effects on symptom reduction (0 = no rescue medication taken; 1 = use of topical
antihistamine; 2 = use of oral antihistamine; or 3 = use of nasal corticosteroids). A baseline value
was estimated at study beginning with the same criteria on the ongoing medication intake.

Patients and physicians were additionally asked to express a self-judgment of clinical satisfaction at
the end of the study following a predefined scale (unsatisfactory, discreet, good, optimal).

Safety and tolerability assessment

The frequency was calculated for the occurring local (which can manifest as erythema, pruritus and
swelling at the injection site) and systemic reactions (rhinitis, itching, flushing, erythema, localized
urticaria, generalized urticaria, angioedema, cough, itchy throat, difficult swallowing, mild-
moderate-severe asthma, abdominal pain, nausea, vomiting, hypotension, shock). Large local
reactions (LLRs) were defined as pruritus and/or erythema (>2.5 cm) at the site of injection (8, 27).
The severity of systemic reactions was evaluated according to the EAACI Grading of Severity of
Systemic Side effects (28), which distinguishes among no symptoms (0), mild (I), moderate (ll),
severe reactions (lll) and anaphylaxis (IV). Local and systemic reactions occurring within 30 min after
injection were recorded by the investigator onsite. Late reactions were recorded by patients in a
diary and reported to the investigator at the subsequent control visit, or by rapid direct contact if
needed.

Patients and physicians were asked to express a self-judgment of satisfaction for tolerability at the
end of the study following a predefined scale (unsatisfactory, discreet, good, optimal).

Statistical analysis

No formal statistical sample size and power computations were performed given the explorative
and observational nature of the investigation. Based on the safety outcome, it was estimated that
at least 36 patients with HDM-induced AR had to be treated with SCIT. In fact, in case no specific
event (e.g. anaphylaxis) is observed, the target number of 36 evaluable patients allow to exclude
proportions of 10% or greater of this event (i.e. 95% confidence interval 0-11.4%, Wilson’s method).
The safety evaluation set was composed of enrolled subjects, who have been exposed to the study
medication at least once. The frequency of treatment emergent adverse events (TEAEs) and overall
subjective self-judgments were calculated with descriptive statistics. Average scores for patients’
wellbeing from VAS and use of antiallergic medications were compared between groups with non-



parametric Mann-Whitney U Test and intragroup changes with Wilcoxon signed rank test.
Differences were considered statistically significant at the 5% level of significance using two-sided
tests. The statistical analyses were carried out using SPSS Statistics software, version 17.7.



Results

In total, 118 patients (57 males and 61 females) participated, 58 undergoing a SCIT course (mean
age 25.1 £12.7 years) and 60 receiving pharmacotherapy alone (mean age 34.0 £14.2), with similar
baseline clinical characteristics. A history of asthma in their life was documented in 15 subjects of
the first and in 14 subjects of the second group. All subjects had been suffering from respiratory
allergy for years (10.9 +8.5 and 6.8 +5.3, respectively), and concluded the study after 12
maintenance doses (total injections given 986).

Clinical efficacy and satisfaction

At the end of the treatment a significant improvement compared to baseline was observed in both
groups for the VAS score of AR symptoms (p<0.001), with a statistically significant difference in favor
of the SCIT group (mean 81.6, SE 1.25 vs mean 50.1, SE 1.90; p<0.05). The average change from
baseline was respectively 58.6 (p<0.001) and 15.5 (p<0.001) (figure 2a).

The average weekly score for anti-allergic medication intake was largely inferior in the group
receiving SCIT during the 12 months (from mean 22.4, SE 3.60 to mean 6.7, SE 1.30; p<0.001).
Conversely, in the control group patients continued as expected to use medications to control their
allergic disease (from mean 21.8, SE 2.10 to mean 21.6, SE 2.21; ns). The difference between arms
was significant (p<0.05) (figure 2b).

Patients’ subjective overall judgement of clinical satisfaction was optimal in 31 cases, good in 23,
discreet in 3 cases and unsatisfactory in 1 case. In controls, it was optimal in 5 cases, good in 14
cases, discreet in 13 cases and unsatisfactory in 4 cases. Physicians rated as optimal in 31 cases,
good in 24 and discreet in 2 cases. In controls, the rating was optimal in 5 cases, good in 14 cases,
discreet in 7 cases but unsatisfactory in 10 cases (figure 3).

Safety and tolerability

During the study, no serious adverse events were reported, epinephrine was never used, and no
hospitalization was needed. Overall, episodic TEAEs of mild intensity were reported by 16 patients
(27.58 %) out of 58 treated with SCIT, corresponding to a rate of 0.016 of all administered doses. Of
these TEAEs, 3 were reported as treatment-related: local itching by 8 patients, local pain by 5
patients, diffuse itching by 1 patient; episode of fever and asthma symptoms were judged as
possibly related for 2 patients. None of the reported reactions determined treatment interruption
or dose-adjustment. Overall, the number of allergic local reactions (none was LLR) was 13 (3 at dose
0.1 mL, 2 atdoses of 0.2 mL; 2 at 0.3 mL; 4 at 0.5 mL, 2 at 0.7 mL) and that of systemic reactions was
2 (at doses of 0.7 mL). Diffuse itching and asthma symptoms, occurring in medical office and at home
in the maintenance phase respectively, were classified as a systemic reaction of Grade 1.

Patients’ subjective overall judgement of SCIT tolerability was optimal in 38 cases, good in 18 and
discrete in 2 cases. Physicians’ subjective judgment was optimal in 37 cases, good in 19 and discrete
in 2 cases. Nobody rated the treatment as unsatisfactory (figure 4).



Discussion and conclusions

The safety of injective HDM monomeric allergoid was early investigated in a previous dose-
escalation study involving 45 adult subjects affected by AR with or without asthma (29). During a
cautious slow up-dosing of 12 weeks, including the administration of 0.1, 0.3, 0.5, 0.8 mL of three
concentrations (0.1 BU/mL, 1 BU/mL, 10 BU/mL respectively), and a maintenance of 4 months, 12
cases of TEAEs were attributed to the treatment. Mild related allergic reactions (dyspnea, asthma
episodes, pain at the arm, diffuse itching, headache, localized urticaria), not requiring treatment
interruption or hospitalization, occurred in 17.7% of patients. Another previous explorative study
evaluated the clinical efficacy perceived by 15 patients aged 15-45 years, who reported a VAS
improvement after 7 months with 0.8 mL of 10 BU/mL monthly; during the 5-weeks short up-dosing
(0.1, 0.2, 0.4, 0.6 mL) no adverse reactions were observed in 7 patients (46.6%), while two patients
reported pain at the arm, three local itching, two LLR and fever (30).

In current perspective, controlled study, the previous findings were confirmed by the low rate of
TEAEs and by the subjective tolerability referred by patients and physicians with high rate of
concordance. The absence of serious and severe reactions, whose occurrence might be expected
with accelerated build-up regimens, is of major importance (31-33). The adopted schedule can thus
be regarded as a valid proposal for the use of injective HDM monomeric allergoid.

The overall rate of TEAEs was low and involved a limited number of treated subjects (27.58%). Local
reactions at injection site with native extracts are rather common, generally being experienced by
26—-86% of patients (33, 34). In this study 13 subjects (22.4%) reacted with transient mild local itching
and pain during the build-up phase.

Two patients (3.44%) reported a systemic reaction, one very likely to be treatment related (diffuse
itching), but without further progression and self-resolving. An asthmatic patient reported during
the study period an episodic worsening of bronchial symptoms easily managed by a short course of
bronchodilator and low dose inhaled corticosteroid. This event was prudently considered possibly
treatment-related, anyway asthma is known to be a complex disease with different triggers and
underlying mechanisms.

Even if related to the product and the dose used, the risk of systemic reactions of various severity
in conventional build-up protocols is usually low (1.8-7.4% of patients), and even lower in HDM-
sensitized patients compared with pollen-allergic patients. In cluster and rush up-dosing the risk
seems to increase up to 38% (35, 36). On the other hand, the specific characteristics of the
monomeric allergoid extract can explain the observed level of tolerability. The low IgE-binding
properties, demonstrated by EAST-inhibition experiments, justify the limited activation of the
allergic cascade after the extract administration, resulting in lower local and systemic side effects
(14). This principle suggests that when similar results are confirmed by large scale studies or post-
marketing surveillance, accelerated build-up phases can be safely introduced to rapidly reach the
effective maintenance dose (37). This was the case in another clinical pilot experience on 30 subjects
receiving a rush schedule (0.20 mL plus 0.50 mL after half an hour in a single induction day), where
no reactions occurred in 70% of them, and 30% referred local mild reaction (38).

The total absence of severe, near fatal and delayed systemic reactions also limits the perspective of
prescribing self-injectable epinephrine at physician’s discretion as stated by some guidelines (8, 39).
A further element favoring the safety in respect to aqueous solution, is represented by the slow



release of active principle by the formulation adsorbed on CaP microcrystals, which further
facilitates the uptake by phagocytic cells, thereby enhancing the protein immunogenicity (20). In
respect to aluminum salts, CaP is a compound naturally present in the organism and has been shown
to induce lower local inflammation and a more balanced immune response (21).

All subjects were admitted to taking rescue medication on demand and in the main group a
consumption of less than one third in respect to controls was evident. Nevertheless, SCIT with HDM
carbamylated allergoid was associated with a better significant clinical benefit observed through
subjective outcomes. VAS related to patients’ severity of allergic symptoms was significantly
improved at the end of the study. VAS provides a psychometric continuous scale for subjective
magnitude estimation of the AR discomfort and correlates well with the severity of ARIA levels of
disease (24). According to Bousquet et al., a difference of greater than 1 cm is significant to separate
patients without improvement from those with improvement (25, 26). Despite that the non-
randomized placebo-controlled design represents a clear limitation for the quality of the evidence,
in this study patients receiving SCIT and those receiving pharmacotherapy increased the mean VAS
score of 5,9 cm and 1,5 cm, respectively. The average score at the end of the study was 8,2 cm
corresponding to a mild level of AR severity, whereas pharmacotherapy alone improved to a
moderate level (5 cm). Net of possible recall bias on baseline evaluation, the improvement of some
extent in control group despite a comparable intake of medications could be the result of the
progressive anti-allergic treatment and of the perspective expectations of patients aware of being
part of a clinical study.

Without interim evaluations of the VAS, it was not possible to establish the time of treatment effect
onset. On the other hand, this kind of evaluation may be affected by seasonal variations in HDM
environmental levels and only day-by-day data collection of exposure levels and efficacy outcome
may provide robust information.

Being an observational study, environmental sanitation measures (such as encase mattress,
permeable bed covers, acaricides, carpet and curtain removal, vacuum cleaner with integral HEPA
filter) could not be discouraged before the start of the study, to minimize variations in the levels of
indoor allergens. Therefore, an impact on the outcomes of other interventions as part of the
standard of care cannot be excluded. Finally, since patients were not characterized for their IgE-
reactivity to individual allergenic determinants of HDM, no extrapolation can be made on the effect
of SCIT regarding their molecular allergenic profile patterns.

In conclusion, the safety profile with 5-weeks induction up to a maintenance dose of 0.7mL of 10
BU/mL, and the efficacy of SCIT with carbamylated monomeric allergoid, observed in a real practice
study design, are promising and consistent in the overall subjective assessment of both patients and
physicians, who mainly expressed optimal or good level of satisfaction, important to document a
treatment acceptance that is pivotal for an expected long-term treatment compliance.
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Figures

Figure 1. Study design
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Figure 2. VAS score (mm) of the six individual symptoms of allergic rhino conjunctivitis (a) and
weekly anti allergic medication score (b) at baseline (TO) and at the end of treatment (T1) in SCIT
group (case) and pharmacotherapy group (control).
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Figure 3. End of study clinical satisfaction through subjective overall judgement by patients (a) and
physicians (b) in SCIT group (case) and pharmacotherapy group (control).
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Figure 4. End of study satisfaction through subjective overall judgement by patients (a) and
physicians (b) on the perceived tolerability of the treatment in SCIT group (case) and
pharmacotherapy group (control).
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