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Background The major complication of allergen immunotherapy is a severe reaction.
Objective To evaluate the safety of depigmented and glutaraldehyde-modified allergen
extracts in a large group of patients undergoing immunotherapy treatment.

Material and methods Seven hundred sixty-six patients, having rhinoconjunctivitis and/or

asthma, were entered in a prospective, multi-centre, observational cohort study, to evaluate
the safety of immunotherapy with modified allergen vaccines. Patients were sensitized to
mites and/or pollen and received a therapeutic vaccine containing depigmented and
polymerized allergen extracts of mites and/or pollens adsorbed onto aluminium hydroxide.
The schedule of administration consisted of a build-up phase of 4- to 6-weekly injections,
followed by 12-monthly injections of the maintenance dose. Tolerance was assessed by
recording all side reactions related to immunotherapy.

Results All patients completed the study. Fifty-four clinically relevant local reactions
(43 immediate and 11 delayed) were observed (0.4% of injections). The systemic reactions
were 34 in 12 patients. Six reactions were immediate (all of grade 2) and 28 delayed (18 of
grade 1 in two patients, nine of grade 2 and one of grade 3). The systemic reactions of grade 2
or 3 occurred in 0.12% of the injections. All systemic reactions were mild and resolved
spontaneously without the need for medication.

Conclusion Specific immunotherapy using modified allergen vaccines is safe to treat allergic
patients. The percentage of adverse reactions detected is lower than those reported in the
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Introduction

The efficacy of therapeutic vaccines containing allergen
extracts administered through the subcutaneous route has
been demonstrated in several double-blind placebo-con-
trolled (DBPC) studies and open trials [1, 2]. It is the only
treatment that ameliorates symptoms and medication
scores, modifies the natural course of the illness [3-5]
and prevents the worsening of specific bronchial hyper-
reactivity [6]. The main concern related to the subcuta-
neous administration of specific immunotherapy (SIT) is
safety, which has been extensively evaluated and re-
viewed from published studies [7-9], or specifically eval-
uated in prospective studies [10-15]. These studies have
assessed the safety of allergen vaccines from one or

various manufacturers in large groups of patients. The
risk of side-effects related to SIT with allergen extracts has
been recognized since early studies [16, 17]. The intrinsic
properties of the allergens (IgE-binding epitopes) and the
susceptibility of the allergic patient are responsible for the
side-effects seen in allergic patients after the administra-
tion of immunotherapy. The risk of these adverse side-
effects is intrinsic to SIT, but they are not necessarily
acceptable. Severe side-effects may be acceptable if the
degree of benefit is large and the risk of side-effects is
minimized and treated promptly and effectively [16].
Overall, the incidence of type 4 reactions using immu-
notherapy is rare. The reasons why patients do not
experience type 4 reactions using carefully standardized
IT are kept open for debate.
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Methods to reduce the risk of adverse reactions asso-
ciated with allergen immunotherapy based on genetic
engineering are being envisaged [18-21]. Other possibili-
ties, currently in use, include the modification of allergens
with glutaraldehyde [22, 23], which produces extracts
with decreased IgE-binding capacity. Depigmented and
polymerized allergen extracts have also been proven to be
safe and clinically efficacious [6, 24-30], allowing for the
administration of high doses in a short period of time. The
safety of these vaccines has also been confirmed using a
rush build-up phase in a large group of patients [31]. Other
routes of administration, such as sublingual immunother-
apy, are also being used.

The objective of the study was to evaluate the safety of
therapeutic vaccines containing modified allergen ex-
tracts in a statistically representative cohort of patients.
Safety was evaluated following the criteria of the Eur-
opean Academy of Allergy and Clinical Immunology
(EAACI) [32].

Material and methods

Design

The study was phase IV prospective and open label. It was
conducted in 35 allergy centres in Spain, under the
supervision of a trained allergist. The sample size was
calculated based on the results obtained in the study of
Gastaminza et al. [10]. This study described an incidence
of 79 systemic reactions in 1212 patients (6.52%). These
reactions were of grades 2, 3 and 4. Expecting to reduce
the incidence of systemic reactions at least by half, for an
o.=0.05 and a power of 80% (error protection of 7.84)
[33], the cohort of patients needed was 682 patients.
Assuming 20% of drop-outs, the sample size was adjusted
to 819 patients. The final number of patients included in
the study was 766.

Patients

A cohort of 766 patients (365 males, 401 females) with a
mean age of 23.2 years [95% confidence interval (CI)
22.4-24.1] was studied. The age distribution of the
patients was as follows: 17% between 4 and 10 years of
age; 24.4% between 11 and 18; and 38.6% between 19 and
35 and 18.3% older than 35 years: age data were not
available for 1.7% of the patients. Patients were sensitized
to mites (Dermatophagoides pteronyssinus, D. farinae,
Euroglyphus maynei) or pollens (grasses, Olea europaea,
Parietaria judaica, Cupressus arizonica, Salsola kali, Ar-
temisia vulgaris, Plantago lanceolata and/or Chenopo-
dium album). The inclusion and exclusion criteria to
enter the study were those outlined in the EAACI and
WHO Position Papers on allergen immunotherapy [34,
35]. Three hundred and sixteen patients (41.3%) were
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diagnosed as having rhinoconjunctivitis (RC), 377
(49.29%) rhinoconjunctivitis and asthma (RC+A) and 73
(9.59%) asthma alone.

Immunotherapy schedule

Each patient received an individualized commercial ther-
apeutic vaccine (Depigoid®, Laboratorios LETI, SL, Tres
Cantos, Spain) of the modified allergen extract. Extracts
were prepared according to the methods described pre-
viously [28]. Two consecutively numbered vials contain-
ing a mixture of the polymers of the allergen extracts were
prepared for each patient. In vial 1, the polymer concen-
tration was the result of depigmenting and polymerizing
the vial of maximum concentration of the corresponding
non-modified vaccine. Vial 2 contained a 10-fold higher
polymer concentration. The build-up phase was initiated
with vial 1 (2- or 3-weekly injections), followed by 2 or 3
weekly injections of vial number 2 until the maintenance
dose was reached. The maintenance doses were 12 injec-
tions of 0.5mL of vial number 2. None of the patients
received pre-treatment with drugs (antihistamines or
corticosteroids) in order to prevent adverse reactions. The
injections were administered subcutaneously on the
extensor surfaces of the upper arms using an insulin
syringe with a 26-gauge, 1/2in. non-removable needle.
All patients had a 30-min waiting period after each
injection, following the recommendations of the
European Academy of Allergology and Clinical Immunol-
ogy (EAACI) [34]. The composition of the vaccines
administered to the patients is shown in Table 1. Immu-
notherapy was administered without interruption or
reduction of the planned dose during the pollen season.

The contents of the major allergens in the final prepara-
tion could not be detected because of the modification
process. However, following the recommendations of the
European Pharmacopoeia [36], major allergen content was
determined in the corresponding native preparation before
modification and expressed in mcg/mL. The contents in
mite extracts were determined by ELISA using monoclonal
antibodies (Indoor Biotechnologies Ltd., Charlottesville,
VA, USA) and in pollen extracts by means of scanning
densitometry [37]. The contents in the freeze-dried native
extract needed to produce the maximum concentration of
the modified preparation were 17.3, 10.5 mcg and 12.3 of
Der p1, Der p2 and Der fl1, respectively. In pollen, the
figures were 131 mcg of Ole e 1 (0. europaea), 17 mcg of Par
j 1(P. judaica), 66 mcg of Sal k 1, 15.5 mcg of Phl p1 and 32
of Phl p5 (Phleum pratense), 60.0 mcg of Dact g 2 and 20.0
of Dact g 1+5 (D. glomerata).

Safety assessment

Patients were instructed before the initiation of the study
to warn the attending physician of new prescriptions
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Table 1. Composition of the vaccines administered to the patients

Composition n Percentage
Mites
Dermatophagoides pteronyssinus 99 12.92
D. farinae 3 0.39
D. pteronyssinus+D. farinae 317 41.38
D. pteronyssinus+ Euroglyphus maynei 1 0.13
Total patients receiving immunotherapy with mite extracts 420 54.83
Pollen
Grasses (mix or single grass pollen extracts) 48 6.27
Individual or mixture of grasses+Olea europaea 94 12.27
Weeds (individual pollen extracts) 55 7.18
Weeds (mixtures of two or more pollen extracts) 1 0.13
Trees (individual pollen extracts) 88 11.49
Trees (mixtures of two or more pollen extracts) 4 0.52
Mixtures of various pollen extracts 30 3.92
Total patients receiving immunotherapy with pollen extracts 320 41.78
Total patients receiving immunotherapy with a mixture of mites and pollen extracts 26 3.39

Weeds: Parietaria judaica was the most important, followed by Artemisia vulgaris, Salsola kali, Chenopodium album and Plantago lanceolata.
Trees: Olea europaea was the most important, followed by Cupressus arizonica.

(including vaccines) received out of the allergy unit,
and on the existence of new status, such as pregnancy
and intercurrent disease(s). At any point in time,
the general exclusion criteria for immunotherapy were
followed.

The reactions were categorized as immediate when the
onset was during the first 30 min after the administration,
and delayed when the onset was afterwards. Local reac-
tions were quantified by measuring the diameter of
erythema of the reaction. Immediate reactions with a
diameter smaller than 5 cm and delayed reactions smaller
than 10 cm were considered to be clinically irrelevant. The
systemic reactions were graded following the classifica-
tion of the EAACI Position Paper on Immunotherapy [34].
The grades were: grade 0: no symptoms; grade 1: un-
specific symptoms - reactions probably not IgE mediated,
i.e. discomfort, headache or arthralgia; grade 2: mild
systemic reactions — mild rhinitis or asthma responding
adequately to antihistamines or P2-agonist therapy;
grade 3: non-life-threatening systemic reactions - urti-
caria, angioedema or severe asthma, responding well to
treatment; and grade 4: anaphylactic shock - rapidly
evoked reaction of itching, flushing, erythema or bron-
chial obstruction, requiring intensive treatment.

Immediate reactions were evaluated by the responsible
allergist. In case of a late reaction, the patient was
instructed to contact the personnel of the immunotherapy
unit (the responsible allergist).

Statistics

Descriptive statistics included the frequency of the inci-
dence of the reactions per patient and per injection,

including the 95% lower and upper CI. Fisher’s exact
P-value was used to evaluate the significance of side
reactions between mites and pollen, or between the
build-up and maintenance phases.

Results

Patients and number of injections

All 766 patients received the planned doses. A total of
14022 injections were administered; 3714 corresponded
to the build-up phase and 10 308 to the maintenance dose.
It was necessary to repeat a build-up phase dose due to
mild side reactions in three patients, who continued with
the planned schedule without further adverse events.
Table 2 shows the description of the reasons for these
decisions.

Adverse reactions

A total of 54 local reactions (one per 14 patients, and one
per 241 injections) were recorded. Twenty-two occurred in
the build-up phase and 32 in the maintenance phase
(Fisher’s exact P-value = 0.02). No statistically significant
differences were observed between mites and pollen
(Fisher’s exact P-value=0.13). No local reactions were
recorded with the vaccines containing a mixture of
mites and pollen. Table 3 shows the number and the
intensity (mm of diameter) of clinically relevant reactions
per group of allergen extracts (mite or pollen) and per dose
injected.

Eighteen reactions were of grade 1 (non-IgE mediated)
and occurred in two patients; all were delayed and mild.

© 2007 The Authors
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Table 2. Patients who needed the repetition of one dose and description of the cause

Dose modification

Composition of

Patient Diagnosis the vaccine Dose Vial Comments
37 R, A Parietaria judaica 0.1 2 First dose was repeated due to local
reaction and rhinitis symptoms
617 R Dermatophagoides 0.1 1 The dose was repeated due to rhinitis
pteronyssinus+D. farinae
773 R P. judaica 0.3 2 The dose was repeated due to rhinitis

R, rhinoconjuctivitis; A, asthma.

There were 16 systemic reactions in 10 patients. The
frequency was 1.31% per patient (95% CI, 0.50, 2.12)
and 0.12% per injection (95% CI, —0.13, 0.37). These
systemic reactions of grades 2 and 3 were 15 and 1,
respectively (one reaction per 48 patients, and one
per 814 injections), and eight occurred with the adminis-
tration of pollen extracts and eight with mites (Fisher’s
exact P-value=0.62). Six of the systemic reactions
were immediate (all of grade 2) and 28 delayed (18 of
grade 1, nine of grade 2 and one of grade 3). All reactions
were mild and resolved spontaneously without the
need for rescue medication. Two reactions in one patient
were recorded with a vaccine containing a mixture of
D. pteronyssinus and O. europaea. Table 4 shows a
description of these reactions.

Discussion

A cohort of 766 patients was treated subcutaneously with
a therapeutic vaccine containing depigmented and poly-
merized allergen extracts to evaluate safety in this pro-
spective open study. We included a large number of
centres to avoid the bias of a single, or few physicians
administering the treatment and to be more representative
of real-life conditions.

In the present study, we detected that 0.4% of the total
injection number caused local reactions and that 0.1%
caused a systemic reaction. None of these reactions was of
grade 4, and all were mild and resolved spontaneously
without the need for medication. None of the patients
withdrew from the study due to adverse events. In a
similar study [38] involving less patients, the same type
of modified allergen extracts was administered to 175
patients for a total of 2261 injections. The incidence of
local reactions with a diameter between 5 and 10 cm was
1.4%, whereas for those with a diameter larger than 10 cm,
it was 0.1%. Thirteen reactions were systemic, which
represents 0.6% of the total number of injections adminis-
tered. All these reactions were judged as mild and no type
4 reactions were observed.

Gastaminza et al. [10] provided data from 1212 patients
in which SIT with unmodified standardized allergen

© 2007 The Authors

extracts adsorbed to alum was administered in a single
immunotherapy unit. These patients were diagnosed
with allergic asthma and/or RC, or hymenoptera venom
anaphylaxis, and received a total of 29754 injections.
Seventy-nine systemic reactions (0.3% per injection)
occurred in 2.9% of the patients receiving mite extracts,
7.5% of patients with pollen extracts and 6.7% in the case
of hymenoptera venoms. No withdrawals were reported. A
multi-centric study by Moreno et al. [11] evaluated 488
patients treated with biologically standardized allergen
extracts for respiratory allergies; 433 patients completed
the study and four were asked to withdraw by the
physicians. In three cases, the withdrawal was suggested
due to recurrent reactions and in one due to a single
reaction. Four more patients left the trial by their own
decision due to local reactions during the build-up phase.
The total injections administered were 17526 and the
number of systemic reactions was 50 (0.3% of the injec-
tions): 30 of grade 2 and 21 of grade 3. In this study, the
investigators detected more systemic reactions in patients
receiving mite extracts. Winther et al. [12] evaluated the
side-effects of SIT of a single manufacturer in a multi-
centre study involving 1038 patients, treated with extracts
of mite, pollen, dog or cat or with wasp and bee venoms.
The total number of injections was 23 047. Forty-one
patients (4%) stopped the treatment due to complications
(local or systemic reactions, or worsening of allergic
symptoms). Twenty-three per cent of the patients treated
with one allergen extract did not reach the maximum
dose, and 29% when the treatment was with more than
one allergen extract. A total of 582 side-effects were
reported in 341 patients (2.5% of the injections). Se-
venty-eight per cent of these reactions were of grade 2%,
20% of grade 3% and 1% (eight reactions) of grade 4.
Tabar et al. [14] analysed 419 patients, observing that
4.8% of the patients experienced a systemic reaction
(0.4% of the injections), these reactions being mainly in
patients with asthma and sensitized to D. pteronyssinus.
In another study [13], 239 patients were evaluated in a
DBPC study using an allergen extract of D. petronyssinus
from a single manufacturer administered using two types
of build-up phases (conventional and cluster). During the

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 434-440
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g o+ © o © o incremental phase, there were 19 adverse reactions in 15
5 =) ds3d 3238 s 3 patients receiving the allergen extract; eight reactions
g (0.2% per injection) were systemic (three immediate and
a g E § E S § E [g § five delayed). All reactions were of grade 2. During the
3 Lol | | | | maintenance phase, nine delayed adverse reactions (0.5%
per injection) were reported in eight patients. Two reac-
g tions were local and seven systemic (one with non-specific
g i 29= =288 = 9 symptoms and six with asthma). As a consequence, the
& = SSs oSS ©c © dose schedule for these patients was modified. Machin
N et al. [15] evaluated the safety in 339 patients carefully
é *aF 288 3 aQ treated in an immunotherapy unit, observing 21 systemic
o - am N e - reactions in 14 patients (4.1% of the patients, 0.4% of the
. 358 X883 e 3 injections). .
£ 33 oS oo ¢ 3 The tolerability of these modified extracts was com-
= pared in double-blind studies with the corresponding
B unmodified preparations [29, 30]. Doses 10 times higher
g jg TRe IgT 9 o than those used in the present study were achieved, and
s & ~ S = =3 = c o no adverse events were reported with the doses used in
normal clinical conditions, confirming the wide therapeu-
% tic margin for this chemically modified allergen vaccine
g and the safer profile than regular vaccines based on
g e oo N o« native-unmodified extracts.
= - - - 7 Although this study was not designed to compare with
- the sublingual route of administration, the rate of side
é =8=% ¥&¢23 S 2 reactions described in this paper is lower than the one
o = °eee= <°<°-° ° ° described in some studies using sublingual immunother-
§ . ocge ago 2 5 apy. The safety of j[his in'rlmunothe'rapy, gsing drops or
z S S s <9 c‘> S tablets, has been reviewed in a study including eight DBPC
= trials [39]. A total of 690 patients (347 active and 343
- placebo) were studied; 145 adverse events were reported
5 % in the active and 79 in the placebo group (P < 0.01), with
; :% § § § E E § § g a higher incidence of adverse events in the mouth (18%
and 4% of the patients in the active and placebo groups,
g ~ o . respectively) and in the gastro-intestinal tract (14% and
= dse &I s S 4% of the patients in the active and placebo groups,
; respectively). Two laryngeal oedemas were reported in
9] s 828 328 A patients receiving the active treatment (0.6% of the
5 E °eee °g9-° T 9 patients).
% In a DBPC study using sublingual tablets [40] of
b g P. pratense, there were three non-explained withdrawals
2 % due to adverse events in the group of 74 patients who
E g received the active tablet. Finally, in a large study using
2 ; E § g 5 § E § § tablets [41], 855 patients were included and 451 (53%) had
o adverse events, judged by the investigators as probably, or
= =] possibly related to the treatment; 26 participants (3%)
% = withdrew due to adverse events.
5 a mew ead oo Considering the results presented in this study and in
g the context of the data available in the literature, we can
5 § § conclude that the SC administration of these modified
g v v allergen extracts is safer than the use of unmodified
g Q £ Q g E E allergen vaccines. Furthermore, the available published
§ .V i v i ~ i i data suggest that the safety profile of these modified
- g o § N £ g £ N R Q& s allergen vaccines administered subcutaneously could be
< y|EET TTET T EE better than the one observed with the sublingual admin-
S a | E a8 istration of allergen extracts.
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Table 4. Description of the systemic reactions

Patient Vial Dose Alergen extract Date Description Type Grade
37 2 0.1 Parietaria judaica 03/05/2000 Rhinitis symptoms Immediate 2
60 2 0.5 Dermatophagoides petronyssinus 14/03/2000 Bronchial symptoms Delayed 2
60 2 0.5 13/04/2000 Bronchial symptoms Delayed 2

101 1 0.5 Olea europaea 16/10/2000 Nervousness Delayed 1

101 2 0.3 06/11/2000 Nervousness Delayed 1

101 2 0.5 21/12/2000 Nervousness Delayed 1

101 2 0.5 22/01/2001 Nervousness Delayed 1

195 2 0.3 Grass mix+ 0. europaea 19/01/2001 Rhinitis symptoms Delayed 2

200 2 0.5 Grasses 04/05/2001 Rhinitis symptoms Immediate 2

208 1 0.1 D. pteronyssinus+D. farinae 02/11/2000 Urticaria Delayed 3

227 2 0.1 D. pteronyssinus+D. farinae 09/05/2000 Nervousness, headache Delayed 1

227 2 0.3 16/05/2000 Nervousness, headache Delayed 1

227 2 0.5 23/05/2000 Nervousness, headache Delayed 1

227 2 0.5 23/06/2000 Nervousness, headache Delayed 1

227 2 0.5 23/07/2000 Nervousness, headache Delayed 1

227 2 0.5 22/08/2000 Nervousness, headache Delayed 1

227 2 0.5 21/09/2000 Nervousness, headache Delayed 1

227 2 0.5 21/10/2000 Nervousness, headache Delayed 1

227 2 0.5 20/11/2000 Nervousness, headache Delayed 1

227 2 0.5 20/12/2000 Nervousness, headache Delayed 1

227 2 0.5 19/01/2001 Nervousness, headache Delayed 1

227 2 0.5 18/02/2001 Nervousness, headache Delayed 1

227 2 0.5 20/03/2001 Nervousness, headache Delayed 1

227 2 0.5 19/04/2001 Nervousness, headache Delayed 1

319 2 0.1 D. pteronyssinus+ 0. europaea 15/11/2000 Rhinitis symptoms Delayed 2

319 2 0.3 22/11/2000 Rhinitis symptoms Delayed 2

617 1 0.3 D. pteronyssinus+D. farinae 28/12/2000 Rhinitis symptoms Delayed 2

617 1 0.5 04/01/2000 Rhinitis symptoms Delayed 2

617 1 0.5 11/10/2000 Rhinitis symptoms Delayed 2

644 2 0.1 Grasses 05/10/2001 Rhinitis symptoms Immediate 2

651 2 0.1 D. pteronyssinus+D. farinae 08/09/2000 Rhinitis symptoms Delayed 2

773 1 0.1 P. judaica 21/07/2000 Rhinitis symptoms Immediate 2

773 2 0.3 18/08/2000 Rhinitis symptoms Immediate 2

773 2 0.4 01/09/2000 Rhinitis symptoms Immediate 2
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