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alterations revealed by CT scans (16). The role of allergy in airway remodeling is not definitely
defined.

These points suggest that (i) allergen-specific immunotherapy may be more rapidly
effective in patients allergic to pollens than in those sensitized to indoor allergens; (ii) after a
long course of the disease, patients with persistent asthma may have permanent airway
abnormalities that cannot be reversed by allergen immunotherapy; (iii) grass pollen or other
predominately seasonal pollen allergy may be an ideal model to study the effects of immu-
notherapy in patients with normal bronchi; and (io) immunotherapy in mite allergy may be
used to examine the effects of treatment in patients with a variable degree of bronchial
inflammation and remodeling (77).

The major objectives of the immunomodulation of allergen immunotherapy are to reduce
the allergic triggers eliciting symptoms in the short term and to decrease airway inflammation
and BHR in the long run. This treatment ideally is prior to significant bronchial damage.
Allergen immunotherapy appears to be the only treatment that modifies the course of the
disease, either by preventing the development of new sensitivities or by altering the natural
history of allergic airway diseases.

TREATMENT STRATEGY

The management of allergic airway diseases is based on combining three essential
interventions, allergen avoidance, pharmacological treatment, and allergen-specific immuno-
therapy, with education of the patient on the nature of the disease. Education should include
identification of triggers and relievers, appropriate variation of drug treatment, and
recognition of disease involvement of the lower airways when appropriate (3). Nonspecific
interventions are not restricted to the causative allergen but rather to the avoidance of
nonspecific triggers. Specific interventions include avoidance of the causative allergen and
application of allergen-specific immunotherapy.

The relative advantage of each of these three interventions, allergen avoidance,
pharmacotherapy, and allergen immunotherapy, is variable, but the combination of interventions
should improve the clinical outcome. Allergen avoidance always is the first-line attempt and may
reduce the need for additional intervention even when not completely effective (18). A meta-
analysis does not confirm the efficacy of single measures (19). A multifaceted intervention in
selected subjects may be effective, but more data are needed. D*g treatment is often the next step
to reduce symptom severity. However, for patients with a constant need for preventive (local
steroids) pharmacotherapy, early initiation of allergen immunotherapy is advantageous, while the
severity of the disease is modest and when the possibility for prevention of asthma is greatest
(20,27). Allergen immunotherapy interferes with the pathophysiological mechanisms of allergic
inflammation, with a potential for a prolonged effect compared with symptomatic pharmacolog-
ical treatment (20,27). Although drugs are highly effective and with limited side effects, they
represent a symptomatic freatment, while immunotherapy represents the only treatment that
might alter the natural course of the disease (22). Using an appropriate allergen vaccine for correct
indications, immunotherapy will significantly reduce the severity of the allergic disease, reduce the
need for antiallergic drugs, and consequently improve the quality of life for allergic patients
(23,24).

A significant proportion of subjects with persistent rhinitis have inflammation in the
Iower airways during allergen exposure (25). The symptoms from the lower airways often do
not disturb the patients and the inflammation is therefore inconsistently or insufficiently
treated. Allergen immunotherapy, as a solitary treatment, may ameliorate inflammatory
reactions independent of the shock organ, that is, the treatment potentially will help rhinitis
and simultaneously improve asthma or BHR. Consequently, considering the allergen-
IgE-mediated disease as a multiorgan disease, it is important to consider immunotherapy
based on the allergen sensitization rather than the disease or symptoms (21). The advantage of
combining allergen avoidance, immunotherapy, and drug treatment requires further
investigation, focusing on patient compliance, long-term preventative aspects, and cost-
effectiveness /side effects.

The advantages of introducing allergen-specific, disease-modifying interventions (aller-
gen avoidance and immunotherapy) in allergic disease management should be considered
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allergen immunotherapy is to obtain long-term disease modifying capacity and to prevent
disease progression.

CONTROLLED STUDIES TO DEMONSTRATE EFFICACY

Published studies indicate that SCIT is an effective treatment of allergic airway diseases, under
the conditions of a careful selection of patients and the use of quality allergen extracts for
treatment vaccines (26). In 7998, the author reviewed all double-blind, placebo-controlled
immunotherapy studies of rhinitis or asthma. The evaluation criteria stipulated that the studies
were peer reviewed, printed in English, included symptom-medication scores, and published
since 1980 (26). The reason for not including older studies is that this arbitrary limit coincides
with a general use of vaccines constituted from adequately standardízed allergen extracts.
Clinical efficacy was estimated by symptom-medication scores or by measuring the area under
the curve of symptom-medication scores during the study period for both the active group and
the placebo group (Fig. 1). The magnitude of improvement induced by active treatment was
calculated as the percentage reduction in disease severity (symptom-medication scores)
compared with placebo treatment. In 43 studies fulfilling the strict inclusion criteria, a mean
clinical improvement of 45% greater than placebo was observed in 1120 actively treated
subjects. Prior to the analysis, an improvement of at least 30% (mean) was arbitrarily chosen as
the lower limit for clinical efficacy based on statistical significance and for balancing a
cìinically relevant efficacy with the inconvenience and risks of injection immunotherapy. Thus,
the studies showed a clinically significant mean improvement.

An update of the original review (Medline search terminated June, 2007) identified
59 double-blind, placebo-controlled studies, giving 65 comparable groups as some studies
include more than one actively treated groups, evaluating the clinical efficacy of SCIT in
rhinitis and 27 (25 comparable groups) in asthma (Malling H-J, personal communication). The
update confirms the conclusion of the initial review (26) but adds birch and other pollens to the
list of effective allergen vaccines. To evaluate efficacy an approach relying on statistical change
was used. Studies are graded as "unequivocal efftcacy" in the situation that both symptom
scores and drug scores show a statistical significant difference between active treatment and
placebo. In studies where either symptom scores or drug scores show a statistical significance,
the grading "possible efficacy" is used (these studies probably are effective, but the docu-
mentation is not as convincing). Studies without statistical significance between treatment
groups are graded as "no efficacy." For rhinitis, 8Vo (5 out of 65 comparable groups) were
graded no efficacy, 6Vo @ of 6ù possible efficacy, and 86% (55 of 65) efficacy. F; asthma the
figures are no efficacy ín767o (4of 25), possible efficacy inZ0o/o (S of 2S), and efficacy in64%
(16 of 25). The mean clinical effect in these studies is a reduction in rhinitis severity of 40% and
asthma severity of 45%, comparable with the 45% originally described. Including studies
published since the original review (26), the additional number of actively treated patients

Symptom score Drug score

Figure 1 Magnitude of clinical efficacy estimated by measuring the area under the curve of immunotherapy
treated (darkly shaded areas) as percentage of placebo treated (ightly shaded areas). The median symptom score
and medication score of the immunotherapy group is 39% and 2B/o of the placebo group, respectively, indicating a
mean reduction in symptoms of 61% and of 72"/" in medication scores. The dotted line denotes airborne orass
pollen counts. Source'. Data adapted from Ref. 52.
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348 Malling and Bousquet

Grass Parietaria House dust mile Molds

Figure 3 (See color insert ) Allergen vaccines used in placebo-controlled, double-blind rhinitis immunotherapy
studies published in 1980-2007. Clinical efficacy is graded based on statistical significance (green indicated
significance for both symptoms scores and drug scores (clear cut clinical efficacy), yellow indicates significance for
either symptom scores or drug scores (possible clinical efficacy); and red indicates no significant difference for
either symptom scores or drug scores (no efficacy).

intranasal glucocorticosteroid. An additional effect of immunotherapy, reinforcing that it
represents a systemic treatment with effect on both the upper and the lower airways, was that
seasonal peak expiratory flow values decreased significantly only in the nasal glucocorticoste-
roid-treated subjects. Furthermore, only immunotherapy prevented the seasonal BHR and
eosinophil activation in asthmatic subjects.

House Dust Mite Allergens
Inhaled house dust mite allergen may induce both rhinitis and asthma in the same patient. Most
studies evaluating the clinical effect of house dust mite immunotherapy use asthma as the
indication. On the basis of clinical symptoms and medication scores, clinical efficacy is
documented for house dust mite immunotherapy using vaccines from both Dermatophagoides
pteronyssinus and D. t'arinae. House dust immunotherapy reduces bronchospasm following
bronchial challenges with house dust mite extracts and increases the threshold dose to elicit
immediate bronchial obstruction. Finally, the late-phase reaction following bronchial challenge
with house dust mite is inhibited in many studies after SCIT (31). The decrease in the late-phase
reaction is important as it indicates a decrease in the inflammatory reaction in the airway mucosa.
However, some of the results with house dust SCIT are not impressive and, especially in adults,
are sometimes negative. Subjects with house dust mite asthma often have perennial symptoms
with occasional exacerbations, and the relative contribution of house dust mite sensitization to
clinical symptoms may be difficult to determine. The variable role of allergen sensitization in
determining symptoms with perennial allergic disease may be the reason for negative studies with
SCIT. The glucocorticosteroid-sparing effect of SCIT was shown in a study demonstrating no
improvement in asthma symptoms (32). Patients requiring at least the equivalent of 500-prg inhaled
fluticasone propionate daily were included; and in patients with moderate persistent asthma, the
reduction in inhaled corticosteroids was statistically significant for those treated with SCIT
compared with placebo after year 2 and year 3. The median dose reductions after three years were
90% for SCIT and 42Vo for placebo (p :0.04).

The importance of the allergen dose required to induce a significant clinical effect has
been investigated with house dust mite allergen (33). Using a maximal dose of 7 p,g of Der p 1,
subjects experienced significant improvement in PD26FEVI (provocative dose sufficient to
decrease FEV1 by 20%), but the maximal effect was observed with a dose of 27 pg of Der p 1.
Pretreatment asthma severity is critically related to the outcome of immunotherapy. Subjects
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Malling and Bousquet

On the basis of meta-analysis, the documentation for efficacy of SCIT is evidence based
with the strength of A for both rhinitis and asthma (50).

LONG.TERM EFFICACY AND ALTERATION OF THE NATURAL COURSE
OF ALLERGIC DISEASE

A fundamental objective in assessing the value and applicabilitv of SCIT is to document its
long-term efficacy and preventative capacity. Without long-term reduction in disease severity
and disease modification after terminating treatment, immunotherapy may not be a viable
alternative to pharmacological treatment due to cost and risk (20). Some studies indicate that
the treatment may have a long-lasting effect. The PCDB study published by Durham et al (51)
is a continuation of a previous study documenting efficacy SCIT (52). Patients with severe
grass pollen rhinitis, uncontrolled by standard pharmacotherapy including topical glucocorti-
costeroids, were treated with preseasonal grass-SCIT and placebo. After less than one year of
grass-SCIT, subjects experienced improved symptoms and a 60% reduction in the need for
rescue medications. After three years of active treatment, subiects were rerandomized to
continue with SCIT or to receivé placebo. At the termination of the study, the symptom-
medication scores between subjects continuing and discontinuing immunotherapy did not
differ. Treated subjects, compared with a matched control group not receiving immunother-
apy, had a >75% reduction in disease severity. An open study compared 13 patients, six years
after having terminated a three-year course of grass pollen SCIT, with 10 patients of the control
group who were not treated with SCIT (53). Clinical symptoms and the use of rescue drugs in
the previously SClT-treated subjects were significantly lower than in the control group. The
patients were reevaluated after 72 years, and the beneficial effect of SCIT persisted (54). A
retrospective, questionnaire-based evaluation compared SClT-treated asthmatic subjects with
dust mite or grass allergy with a matched control group approximately nine years after
cessation of SCIT (55). The 48 SclT-treated patients were three times less likely to experience
asthmatic symptoms as the control group. However, asthma pharmacological therapy did not
statistically differ between the two groups (55).

SAFETY

Injections of allergens into an IgE-sensitized patient always include a risk of inducing
anaphylaxis. On the basis of the controlled studies included in the efficacy evaluation (Malling
H-J, personal communication), 68% (44 out of 65) of studies in rhinitis and 72% (18 of 25) of
studies in asthma reported systemic side effects. Anaphylactic shock, the clinically most
important side effect, was observed in 6% (4 of 65) of rhinitis studies and 20o/o (5 of 25) of
asthma studies. These data support the view that asthma is a separate risk factor for serious
systemic side effects during SCIT (56) and also confirm the importance of the administration of
SCIT as described in international recommendations (45,46).

INDICATION AND CONTRAINDICATIONS

When defining the indication for SCIT for inhalant allergies, it is advantageous to recognize
that the allergen-IgE reaction results in a multiorgan disease, with symptoms in many patients
occurring in the eyes, nose, and lungs (21). Some patients have symptoms predominantly from
one organ, which does not indicate an absence of inflammation in other parts of the airways
(25). Consequently, all symptoms should be considered when selecting the most appropriate
treatment of the allergic disease (21). Before instituting immunotherapy, the following must be
considered: (i) the severity and duration of symptoms, (ii) the requirement for and the effect of
pharmaceutical therapy, (iii) the risk incurred by the treatment and the risk of the disease,
(izr) psychological factors, and (zr) the patient's attitude related to alleviating symptoms (drugs)
versus interfering with the pathophysiological background of the disease (specific treatment).

The indication for allergen immunotherapy in allergic airway diseases relates to both the
severitv of the disease and the duration of the symptoms (20,27). Mild rhinitis symptoms that
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Table 1 Considerations for Init iat ing lmmunotherapy in Al lergic Airway Diseases

Malling and Bousquet

1 . lgE-mediated disease demonstrated by the presence of cl inical ly signif icant posit ive skin tests andlor serum-
specif ic lgE to relevant al lergens

2. Specif ic al lergen sensit ivi ty responsible for cl inical symptoms and the severity of disease
o Confirmed by appearance of symptoms after natural exposure to allergens identified by allergy testing
. Rarely confirmed by challenge with relevant allergens

3. Nonspecif ic tr iggers may play an addit ional, but only minimal, role in the induction of symptoms

4. Severity and duration of symptoms
o Involvement of lower airways in patients with rhinitis
o Increasing symptoms induced by succeeding seasons or perennial exposure

5. Inadequate response of symptoms to initial therapy
o Response to allergen avoidance/reduction
o Response to pharmacotherapy

6. Availability of standardized or high-quality allergen extracts ideal for preparation of vaccines for
immunotherapy

7. ldeally clinical efficacy and safety of immunotherapy with selected allergens confirmed by randomized
placebo-control led, double-bl ind studies

B. Psychological and social considerations
r Cost of pharmacotherapy and immunotherapy
o Patient comfort level with pharmacotherapy side effects or potential side effects
o lmpaired quality of life despite adequate pharmacotherapy
o Concern about prevention of long{erm disease progression

9. No relative contraindications

Source: Adapted from Refs. 20,21.

Table 2 General Indications for lmmunotherapy in Al lergic Airway Diseases

o Patients with symptoms induced predominantly by allergen exposure that cannot be avoided
o Patients with a prolonged season or with increasing symptoms induced by succeeding pollen seasons
r Rhinitis associated with symptoms from the lower airways during peak allergen exposure
o Patients with insufficient symptom control with pharmacotherapy
o Patients who do not wish to be on constant or long-term pharmacotherapy
o Patients with undesirable side effects with pharmacotherapy

symptoms need less symptomatic treatment, but intervention affecting the natural course of
the disease is more successful. There are no definite rules for the institution of SCIT in allergic
rhinitis or asthma. The initiation of SCIT is based on a careful balancing of advantages and
disadvantages, taking into consideration the patient's attitude to both the symptoms and
possible treatments of the disease (20). Analyzed in this way, SCIT is not considered to be the
ultimate treatment but, instead, is a supplement to pharmacotherapy in the early phase of the
disease (20,21). The considerations for initiating immunotherapy in allergic rhinitis and asthma
are illustrated in Table 1 and the indications in Table 2 (3,20,27,45). The complexity of these
decisions support the practice standard of knowledgeable specialists being involved in the
decision rather than remote testing services or vaccine vendors.

Gontraindications
In contrast to the multiple factors defining the indications for SCIT, the contraindications are
more straightforward (20,27). Relative contraindications involve serious immunopathological
or immunodeficiency diseases including some forms of malignancy or cancer treatment (in the
European guidelines any malignancy is an absolute contraindication), significant cardiovas-
cular diseases (due to the risk of hypotension and the potential administration of epinephrine),
treatment with B-blockers (reduces the effectiveness of epinephrine in the treatment of
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Malling and Bousquet

reduce the risk of reoccurrence of symptoms. In patients who improve with SCIT and
deteriorate following discontinuation, the course of SCIT should probably be prolonged. In
nonresponders, i.e., patients showing marginal or no efficacy after one year of treatment or
18 months in subjects with a major seasonal component, the indication for SCIT should be
carefully reassessed with the view of determining whether allergy due to the identified
allergens is responsible for the persisting symptoms (20). Patients not benefiting from SCIT
usually should be discontinued after no more than two years of treatment at the optimal dose
or consideration given to alternative allergens contributing to symptoms. Likewise, in patients
experiencing severe anaphylaxis with SCIT, considerations should be given to alternative
treatments. Nonadherence or limitations imposed by travel or scheduling would also be
indications for discontinuation @5,7D.

DISEASE PREVENTION WITH ALLERGEN IMMUNOTHERAPY

The capacity of SCIT to reduce the risk of developing new sensitizations was suggested by two
large-scale studies in patients sensitized to one allergen only (73,74). The Purello-D'Ambrosio
et al. (73) study followed for three years after SCIT, in an open retrospective design, 7782
originally monosensitized (to a variety of allergens) children treated with SCIT for four years
(total of 7 years of observation). The control group consisted of 7274 comparable patients
followed for seven years. The development of sensitization to new allergens at the five-year
follow-up (two years after stopping SCIT) was 68% in the control group versus 24% in the SCIT
group. Corresponding figures at the seven-year follow-up (4 years after stopping SCIT) were
78% and27%, respectively. The difference between the control group and SClT-treated group
is statistically and clinically convincing. The Pajno et al. (74) study followed 75 SclT-treated
children, monosensitized to house dust mites, and 63 comparable controls treated pharma-
cologically for six years. The results show that74% in the SClT-treated group versus 33% in the
control group remained monosensitized (specific IgE to only one allergen).

Likewise, SCIT as a prevention for progression of rhinitis into asthma has been suggested
in studies. A multicenter trial, the Preventive Allergy Treatment Study, investigated the
capacity of SCIT of allergic rhinitis to prevent the disease progressing into asthma (75).

Children with allergy to birch and grass pollens, without clinical evidence of lower airway
BHR, were randomized to receive either SCIT or optimal pharmacotherapy. After three years
of treatment, the number of patients developing clinical asthma was statistically reduced in the
SCIT group (24%) versus the pharmacotherapy group (44%). These data demonstrate the
clinically important risk of developing lower airway symptoms in subjects with allergic rhinitis
and demonstrate risk reduction with SCIT. Two years after terminating SCIT (S-year follow-
up) (76) and seven years after discontinuing SCIT (lO-year follow-up) (77), the beneficial effect
of SCIT persisted (Fig. a). Asthma prevention not only occurred with seasonal (pollen-induced)

3 years 5 years 1 0 years

Figure 4 Frequency of the development of asthma in SC|T-treated children (dark grey) and controls (light grey)
at discontinuation of immunotherapy (3 years), two years after termination (5 years total) and seven years after
termination (10 years total). Source: From Ref. 77.
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