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Introduction

Prevalence of allergic diseases such as allergic rhinitis and asthma
is increasing to epidemic proportions in the world. [1-3] In Latin
America, asthma prevalence is higher in tropical regions. [2-4]
Particularly, in Cuba, asthma affects from 8.5% to 10% of adults
and up to 17.8% of children, [5-8] and it is associated with high
morbidity and profound social and economic impact, including
reduced quality of life of patients, lower productivity and increase
of indirect and direct costs. [9-10)]

Increase of prevalence of allergic asthma is commonly associ-
ated with changes in lifestyle and environment. Particularly, aller-
gic asthma is strongly linked to IgE sensitization to House Dust
Mites(HDM).|2, 3, 11, 12] Epidemiologic studies performed in
Cuba have reported that the more relevant HDMspecies are Der-
matophagoides pteronyssinus (Dp), Dermatophagoides siboney
(Ds) and Blomiatropicalis (Bt).13-16D. siboney is a tropical spe-
cies described first in Cuba and found also in the Catibbean [11]
[12], phylogenetically very close to D. farinae, which is absent in
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Cuba. The allergenic relevance of D. siboney and its strong asso-
ciation with asthma in Cuba has been reported previously. [13-15]
D. siboney shares extensive cross-reactivity with D. farina and D.
pteronyssinus, which is also common in Cuba.[15]

Management of allergic asthma is based on pharmacological
symptomatic treatment, allergen avoidance and allergen-specific
immunotherapy.[17-20] Allergen-specific immunotherapy (AIT)
is presently acknowledged as a biological response modifier, in-
ducing immunological tolerance towards the allergen.

It is the only available treatment able to influence the natural
course of allergic disease. Extensive clinical evidence supports
the efficacy of AIT.[21] In addition, this etiological therapeutic
approach can be used also in a preventive setting, avoiding devel-
opment of new sensitizations and the aggravation of the disease.

The clinical effect of AIT is based on modulation of the Thl/
Th2 balance of the allergen-specific immune response, induc-
ing also T regulatory cells and IgG4 blocking antibodies.[17-20]
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Safety concerns about injection AIT are related to the risks of
anaphylactic reactions during treatment. In this regard, the stand-
ardization of the allergen products, in terms of allergenic activity,
is very relevant for the accurate control of the administered doses.
[17, 18, 20, 22]

AIT using HDM allergens, is regarded an effective treatment for
mild to moderate asthma in sensitized patients.|21, 22] A key as-
pect is the proper selection of the allergens and the assessment of
its relevance to the disease. Both, D. pteronyssinus and D. siboney
are regarded as important allergen sources and sensitizers for Cu-
ban asthmatics.[5, 7, 13, 16] Therefore, the aim of this work was
to assess the efficacy and safety of standardized allergen extracts
of Dermatophagoides pteronyssinus and Dermatophagoides sib-
oney by subcutaneous route in allergic asthmatic adults sensitized
to these mite species.

Methods
Study design

Two separate clinical trials, for each allergen product, Dp and
Ds, were conducted simultaneously; both with the same design:
Phase 1II (therapeutic effect), double-blind, placebo-controlled,
ramdomized trials, in 40 adult asthmatic patients each, with mild
to moderate persistent asthma. Half of the patients in each trial
received active treatment and the other half placebo. Both tri-
als were conducted at the Allergy and Immunology Service of
the “General Calixto Garcfa” University Hospital (Code in the
Cuban Public Registry of Clinical Trials: RPCEC00000027 and
RPCEC00000028).[23] The studies were designed and conduct-
ed according with the international guidelines for Good Clinical
Practice and were approved by the Research Ethics Committee of
the clinical site and the Cuban regulatory authority (CECMED).

Treatment

Allergen injections were administered by subcutaneous route in
a dose escalation scheme, first, aninduction phase with weekly
injections during the first 13 weeks, followed by a maintenance
phase ofmonthly injections up to 12 months (Table 1). The 100%
of included patients completing 12 months of AIT. Standard-
ized allergen extracts VALERGEN-DP (D. pteronyssinus) and
VALERGEN-DS (D. siboney), developed and manufactured by
BIOCEN (Bejucal, Cuba) were used. Both products are licensed
in Cuba as medicines. The standardization is expressed in Biologi-
cal Units (BU) according to the definition of Nordic Guidelines
for the Registration of Allergen Products.|24] The maintenance
dose was 6000 BU, which is equivalent to 12 ug of the major al-
lergen Der p 1 or 24 pg of Der s 1, respectively.[25]

Extracts are available as freeze-dried products, which are recon-
stituted in an aqueous PBS albumin diluent. Both, the active and
control group, received concomitant symptomatic treatment
comprisingantihistamines, bronchodilators, 32-agonists and oral
steroids, as prescribed by blinded physicians.

Participants

The study involved men and women aged 18 to 45 years with clin-
ical diagnosis of mild to moderate persistent asthma diagnosed
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according to Global Initiative for Asthma (GINA) guidelines, [20]
possiblyincluding concomitant manifestations of rhinitis, atopic
dermatitis and/or conjunctivitis. Diagnosis ofallergic asthma was
performed by an expert physician and took into account individ-
ual patient history,physical examination and response upon bron-
chodilator administration, with a minimum of 12% Peak.

Expiratory Flow increase. Patient’s allergic status was supported
by a positive skin prick test to D. pteronyssinus or D. siboney al-
lergen extracts (Centro Nacional de Biopreparados (BIOCEN),
Cuba, 20 000 BU/mL) and clinical assessment consistent with
allergic respiratory symptoms (cough, wheezing, chest tightness
and dyspnea) upon exposure to house dust. The skin test was
considered positive if the wheal diameter was greater or equal
to 3 mm. Since strict monosensitization in this case is practically
impossible due to the high degree of cross-reactivity between
both mite species, patients with predominant sensitization to one
of the two species were selected, i.e. with a reaction size larger
than 2 mm, with respect to the other mite species. In addition to
D. siboney and D. pteronyssinus, reactivity to Blomiatropicalis was
also tested. Patients were excluded from the trial if they had been
treated with allergen immunotherapy in the last two years, or if
they had had severe intermittent or persistent asthma or received
immunostimulant or immunosuppressive treatment one year pri-
or to the study.

Outcomes

The therapeutic effect was measured through symptom and medi-
cation scores, and the combination of both as the main endpoint.
In addition, lung function, and skin reactivity relative to histamine
(Ch10) were used also as secondary outcomes. Symptom and
Medication (SM) scores were collected using a form filled by the
patient with a 4 level scale with the following values: 0 = absent,
1 = mild, 2 = moderate, 3 = severe, for cach symptom manifesta-
tion (cough, wheezing, chest tightness and dyspnea). In addition,
Medication Score measured the frequency of drug intake. Each
time a drug was consumed the score was incremented by 1 point,
except oral steroids that worth 2 points. At the end of the month,
all points were summed. [27, 28| For the semi annual partial evalu-
ations (at months 6 and 12) the values of the last two months
were averaged: 5-6, and 11-12 months, respectively. Baseline pre-
treatment value was established measuring SM scores during one
month. For comparing with published meta-analysis the Standard
Mean Difference (SMD) was calculated (i.e. difference between
Active and Placebo, divided by the standard error) according to
Cochrane methodology.[29]

Allergen specific reactivity was assessed by Skin Prick Test (SPT)
to Dp, Ds and Bt allergen extractsat 20000 BU/mL. Stainless steel
lancets with tips of 1 mm (ALK, Denmark) were used according
toDreborg.[30] Histamine HCl 10 mg/mL was used as a posi-
tive control, and as a negative control, PBS. Inorder to record the
test results, a line was drawn around the wheal and transferred
to a transparent adhesive tape, which was taped on to the data
recording book. The largest and the orthogonal diameters were
measured on the wheal drawing, and the mean diameter was cal-
culated. Furthermore, the mean diameter (d) between the two
arms was calculated. The test was considered valid if the differ-
ence between both arms wheals was less than 2 mm for wheals
between 3 and 6 mm, or less than 3 mm for larger wheals; besides
being positive for Histamine (positive control) and negative for
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the diluent solution (negative control). The test was considered
positive for d =2 3 mm. Wheal area was calculated from the mean
diameter (d) according to the expression: A = 7 (d2/ 4). Allergen
specific reactivity was calculated relative to the Histamine 10 mg/
ml, using this expression:[30)]

Ch10 = (Aa/Ah) 2.5
(where Aa: allergen wheal area; Ah: histamine wheal area).

Pulmonary function was measured through Peak Expiratory Flow
(PEF) with the use of a portable PEF meter (Ferraris, UK). This
measurement was performed daily by the patient at home, where-
as daily PEF variability was calculated by the physician.|31, 32|

A secondary dichotomical variable was used to assess the over-
all clinical improvement (OCI) of eachpatient, with two levels:
“better” and “not better”. The “better” value was assigned when
the symptom/medication score was reduced below 60%, 27 with
respect to the baseline and the skin reactivity (Ch10) and lung
function category did not worsen with respect to the beginning
of the treatment.

Safety assessment

Adverse reactions were recorded and classified as local or sys-
temic, or immediate or delayed.|33] Local reactions were assessed
by erythema diameter. Local immediate reactions with a diameter
of less than 5 cm and delayed reactions of less than 10 cm were
considered mild. Systemic reactions were graded in accordance
with the World Allergy Organization.|34]

Statistical methods

The statistical package GlaxoWellcome C4-SDP was used for the
calculation of the sample size and randomization to intervention
groups. Thus, the sample size needed to obtain a relevant preset
minimum difference, between two proportions from two groups
P1 (Placebo) and P2 (Active), was calculated. The following in-
put data were used: P2-P1 = 53%; o = 0.05; B = 0.10. Output:
required subjects n = 14. Simple random assignment was used
with equal probability to each study arm: placebo or active. For
data processing and hypothesis testing the statistical package
STATISTICA v.5.0 (Statsoft, USA) was used. Outcome data was
analyzed in a blinded manner at the two planned evaluative points:
6 and 12 months, with all patients, without exclusions. Testing to
normality of variables was assessed by the Kolmogorov-Smirnov
and Shapiro-Wilks tests. Non-parametric methods were applied
to all variables (except height, weight and skin reactivity, Ch10).
Thus, the central values were expressed by the median and its
95% Confidence Interval and comparisons between the Active
and Placebo groups were performed using the Mann-Whitney U
test. Comparisons within each group with respect to pre-treat-
ment values were performed using the Wilconxon test for paired
samples. For Ch10, a log transformation was performed and, after
verification of its adjustment to normality. The following para-
metric methods were used for height, weight and Ch10: t-test for
the comparison between groups; and t-test with paired data for
the comparison within the same group with respect to the base-
line values. For comparison of frequencies between groups the
Pearson's chi-squared test (y2) was used. Finally, the correlation
analysis between the variables was performed using from the non-
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parametric Spearman correlation coefficient.

Results

Of 393 patients evaluated with asthma symptoms, presumably re-
lated to indoor allergens, and whoexpressed their consent to par-
ticipate in the trial, only 80 patients (20.4%) were selected (Fig. 1).
The major limitation in this sense was the requirement of the pre-
ponderant skin reactivity towards theinvestigated allergens (Dp
and Ds). Roughly 72% of patients showed polysensitization to
the three evaluated species Dp, Ds and Bt, and only 8.6% did not
show a positive response to any of them. In addition to asthma,
most patients also showed rhinitis symptoms: for the Ds trial 30
out of 40 included patients (75%), and for the Dp trial 34 out of
40 patients (85%0).

As expected by design, the Active and Placebo groups were com-
parable in terms of demographic and clinical variables in both
trials with no statistical differences (p> 0.05) (Table 2). All 80 in-
cluded patients completed the trials. No dropouts were recorded
and no patient developed criteria for leaving the study.

Regarding outcomes, clinical symptoms significantly decreased
down to 36.5% (95% CI: 28-36%) and medication, down to 23%
(95% CI: 18-28%) as compared to placebo values, as an average
of the two trials (p<0.001). The combined symptom/medication
score significantly decreased down to 39% for Dp and 34% for
Ds. The difference between the Active and Placebo groups was
significant (p <0.05) even at 6 months, and more pronounced at
12 months (p<<0.001). The decreasing effect was also significant
(p<0.01) as compared to the beginning of the treatment within
the active group (Fig 2). As for lung function in the active group,
an apparent, although non-significant, slight increase in PEF value
was noted: 2.3% and 0.6% for Dp and Ds, respectively (p<<0.05).
Nevertheless, PEF daily variability did show a significant decrease
(p<0.05) at 12 months when combining data of both trials (Fig. 3)
as well as, when comparing to pretreatment values. On the other
hand, skin reactivity to each allergen did show a remarked de-
crease. The Ch10 value decreased significantly (p <0.05), both,
in comparison with the onset and with respect to the placebo
group, even more significant at 12 months (Fig 4). Moreover, the
treatment with Dp induced, not only the reduction of sensitivity
to Dp, but also to Ds and vice versa. In contrast, skin reactivity
towards the mite Blomiatropicalis did not changed. Combining
the results of both trials, most patients (52%) completely abol-
ished the skin reactivity to the causative allergen (i.e. they showed
no wheals or below 3 mm diameter) or decreased it remarkably
in more of 1 logarithm of Ch10 (78% of patients), i.e, at least a
10-fold increase in the allergen threshold.

According to the Overall Clinical Improvement (OCI) variable,
70% of the patients in the Active group were reported as “better”
relative to the treatment onset, both for Dp and Ds. Overall, OR
of improvement was 28.8 (95%CI: 7.4 to 111.8). The decrease of
skin reactivity to the administered allergens (Dp or Ds) correlated
significantly with the change in primary clinical outcome: the SM
score (r=0.514; p<0.05). Furthermore, there was a significant cor-
relation (r=0.462; p <0.05) between the decrease in daily variabil-
ity of PEF and change of skin reactivity.

During this study 1638 injections were given, 819 in the active
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Table 1. Dosing schedule of immunotherapy.

Week | Concentration (BU/mL) | Volume (mL) | Dose (BU)

I 20 0.2 4
2 20 0.5 10
3 20 1 20
4 200 0.2 40
5 200 0.5 100
6 200 1 200
7 2000 0.2 400
8 2000 0.4 800
9 2000 0.6 1200
10 2000 0.8 1600
11 20000 0.1 2000
12 20000 0.2 2000
13 20000 0.3 6000

2710 52 20000 0.3 6000

Table 2. Demographic and clinical characteristics of included patients (baseline levels).

. P
ACtg‘;fJ)O“P Plac(efgzg;oup Mann-Whitney U Test;
* T-Test; T »* test
Sex: (Male/Female)

For DP 13/7 9/11 0.3+

For DS 10/10 7/13 0.5t
Age in Years: Median (Range)

For DP 32 (19 - 44) 37 (18 - 43) 0.7*

For DS 29 (23 - 40) 33 (17 - 42) 0.8*
Height in cm: Mediam (Rangge)

For DP 168 (157 - 176) 165 (154 - 175) 0.83*

For DS 169.5 (156.5 - 177) | 164.5 (151.5 - 177) 0.81*
Weight in Kg: Median (Range)

For DP 77.0(60.8 - 80.7) | 78.0 (63.5-90.6) 0.69*

For DS 73.6 (59.5 - 88.1) 74.5 (63.5 - 89) 0.87*

Peak Expiratory Flow PEF: Median (Range)
For DP 81.1 (78.8 - 84.7) 82.3 (80.8 - 84.2) 0.68*
For DS 81.2 (76.4 - 89.1) 87.7 (80.5 - 84.5) 0.66*
Peak Expiratory Flow Variability: Median (Range)
For DP 254 (19.5 - 27.1) 25.0 (21.7 - 26.5) 0.48*
For DS 29.7 (25.1 - 35.1) 28.1 (26.6 - 31.9) 0.71*
Penistent Allergic Asthma: Mild/Moderate filloderate
For DP 13/7 3/17 0.20t
For DS 11/9 15/5 0.29t

group. All patients in the active groupreached the expected main-
tenance dose of 6000 BU and the planned treatment duration of
12 months.All adverse events were classified as local immediate
allergic reactions. There were nine and ten reactions for Dp and
Ds, respectively. All these events occurred with the build-up dose
(0.5 mL of vial number 2, 100 BU). The observed local reactions
consisted of pruritus and wheals smaller than 5 cm at the injec-
tion site and were considered mild. No systemic reactions were

reported.

In the Dp trial, the frequency of patients with local adverse re-
actions in the Active group was 30 % (6 out of 20). Three pa-
tients showed repeated reactions at two administrations. Only
one patient had a nonspecific local reaction (not associated to the
product), a mild pain and cramp sensation at the site of injec-
tion, which disappeared spontaneously. Therefore, the frequency
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Figure 1. Flow diagram of the progress through the phases of parallel randomized clinical trials.

Figure 2. Symptom-Medication score (median values) in active and placebo groups during the AIT with D. pteronyssinus
vaccine (DP) or D. siboney (DS). Vertical bars indicate 95% CI.

Figure 3. Daily variability of the Peak Expiratory Flow (PEFV) during treatment. Chart shows combined data of both clini-
cal trials, for the active and placebo groups (median value and 95% confidence interval of the median). The difference was
significant at 12 months (p=0.03, Wilconxon).

of patients with reactions attributable to the product was 25% (5
out of 20). The frequency of adverse reactions with respect to the
number of injections administered was 2.2% in the Active group
versus 0.2% with Placebo. Similarly, in the Ds trial, the frequency
of patients with local adverse reactions in the Active group was 30
%. Four patients suffered from repeated reactions at two distinct
administrations. The frequency of patients with reactions linked
to the product was 25%. Finally, the frequency of adverse reac-
tions with respect to the amount of injections administered was
2.5% in the Active group versus 0.5% with Placebo.

Discussion

This work encompasses two clinical trials of allergen immuno-
therapy using House Dust Mite extracts of the closely related
species Dermatophagoides pteronyssinus and Dermatophagoi-
des siboney. The last species is prevalent in Cuba and the Car-
ibbean and could be considered a tropical evolutionary descent
of D. farinae. This work describes the first double-blind placebo
controlled trial for a D. siboney allergen extract. Both allergen
products Dp and Ds were standardized sharing the same potency.
The dosage schedule, as well as, the study methodology, clinical
site and research team coincided. The study results were highly
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Figure 4. Skin reactivity, as measured by Ch10 value to allergen extracts of D. pteronyssinus (Dp), D. siboney (Ds) and
Blomiatropicalis (Bt) showing both allergen-specific effects towards the vaccine antigens (Dp or Ds) and the cross-desensi-
tizing effect between Dp and Ds and lack of it towards Bt. (A: Subcutaneous IT using a D. preronyssinus vaccine; B: using

a D. siboney vaccine).

satisfactory in terms of clinical improvement and, particularly,
of the decrease of allergen specific skin reactivity, as well as, of
the cross-desensitization effect between Ds and Dp. Notably, the
AIT with Ds performed as well, or may be slightly better, than
the well-studied Dp. The decrease of symptoms was of a similar
magnitude that the Standard Mean Difference (SMD) reported
in a well-known meta-analysis of subcutaneous immunotherapy
using HDM allergens of D. pteronyssinus and D. farinae spe-
cies (SMD for symptoms: -0.85 (Dp) to -1.30 (Ds) versus -1.13
in the Abramson metaanalysis); whereas the effect on medication
was apparently higher here: SMD for medication: -0.82 (Dp) to
-1.26 (Ds) versus -0.51 in the Abramson review.21 Nevertheless,
it should be noted that medication scores are far to be homogene-
ous between different authors.|22]

The results regarding PEF and its variability coincide with that
reported by Abramson in the sense that I'T induces small or none
effect on the respiratory function; however, in this case the ef-
fect on PEF variability, although small, was significant.[21] In
contrast, allergen specific skin reactivity decreased dramatically.
The magnitude of this effect, which by the Ch10 definition can
be translated into a 277-fold increase of the allergen threshold
able to elicit a positive skin reaction, was higher than the reported
in most publications.[17, 18, 20, 22| It is notorious that Ds im-
munotherapy induced not only reduction of skin reactivity to Ds
extract; but also to Dp and vice versa, which was expected due to
the high cross-reactivity between both Dermatophagoides spe-
cies, aspreviously described.[35] As far as we know, this is the first
factual report of this cross-effect during I'T between Dp and Ds
obtained in a controlled trial, since Ds is not found outside of the
Caribbean region.[11, 12] As expected, this cross-desensitization
effect was absent for Bt, since this species has only very limited
cross-reactivity to Dermatophagoides.|2] In full agreement with
this finding, a recent work has described the opposite, i.e, the lack
of cross-desensitization effect of AIT using Bt extracts towards
Dp or Ds.[36]

The question of correlation between change of allergen skin re-
activity and clinical improvement has been controversial.[37-39)]
Confirming this correlation can be relevant for the proposed
use of skin test as surrogates matkers of clinical efficacy dur-
ing AIT, a point that has been recently raised by several authors.
[40, 41] This study has, indeed, shown a significant correlation
between skin reactivity and SM score, which supports the use of
carefully measured skin reactivity by means of Ch10 (relative to
Histamine standard) as a marker of efficacy.[42] Lack of relevant
correlations in other studies could be due to the inaccuracy of the
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used SPT methodology and poorer performance, or the use of
absolute variable values and not the shift occurred during treat-
ment period (i.e. the differences between final and initial values).
Moreover, the Ch10 parameter eliminates the non-specific effect
related to Histamine reactivity, thus raising accuracy. In addition,
achievement of significant correlation values can be benefitted
by the large effect noticed in this work for both variables: SM
and Ch10. Skin tests have the advantages of simplicity and rela-
tive safety over other gold-standard diagnostic procedures, such
as bronchial provocation tests, whereas a strong association has
been reported between boths.[39]

Although subcutaneous AIT has been widely used and acknowl-
edged as an effective treatment, demonstrating clear benefits in
reducing allergic symptoms, safety has been a major concern. In
fact, the main disadvantage of this type of treatment is the occur-
rence of adverse events, some of them with a systemic character,
which can be very inconvenient for the patient and, even, pose a
life-threatening risk. In this study, the frequency of adverse reac-
tions attributable to the product was comparable to that reported
internationally, both with respect to the total number of injec-
tions and to the number of patients.[17, 18, 20, 22|

However, here all reactions were local; noteworthy, no systemic
reactions were observed in this study. It has been reported that
systemic allergic reactions during AIT occurs in approximately 0.1
to 0.2% of injections and roughly 2% to 5% of patients.[18, 32,
33, 43-45] However, the number of patients in this study may
be too small to support conclusions on this issue. Factors favor-
ing minimization of systemic reactions in this study could be: the
accurate standardization of the allergen extracts, proper patient
selection and careful clinical examination prior to the injection
administration, as well as, surveillance during the injection proce-
dure.[17, 18, 20, 22, 44]

The current study was performed in adults with a range of ages
from 17 to 45 years in a population sample representative of
Cuban adult allergic asthmatic population. Asthma is the most
relevant allergic disease in terms of social and healthcare impact
worldwide; nevertheless, HDM sensitization is also a common
cause for allergic rhinitis. In agreement with this fact, rhinitis was
a frequent comorbidity in asthmatic patients recruited to these
clinical trials. The design of these trials addressed only asthma
endpoints, therefore, no data was collected regarding the evolu-
tion of rhinitis symptoms, although it is likely that the same also
improved during the treatment. More studies should be conduct-
ed to expand and confirm these results, particularly in children.
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Summarizing, AIT with D. pteronyssinus and, remarkably, D. sibo-
ney standardized allergen extracts, was effective and safe for the
control and amelioration of the allergic asthma in the Cuban
population commonly exposed to these allergens. This is the first
published report worldwide of AIT using D. siboney allergens.
Subcutaneous AIT should be applied in specialized allergy/im-
munology services, taking into account internationally recom-
mended safety standards.
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