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Specific immunotherapy in asthma: efficacy and safety
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Summary

The use of specific immunotherapy (SIT) to treat asthma has been, and still is, a matter of
debate, and there are no clear or unequivocal indications in the official documents. This is
partly due to the fact that there are few studies specifically designed to assess asthma, that
none of such studies had a formal sample size calculation, and that objective parameters of
pulmonary function have been assessed only sporadically. Nonetheless, there are good quality
studies for both subcutaneous immunotherapy (SCIT) and sublingual immunotherapy (SLIT)
where asthma symptoms were evaluated, and showing positive results. Moreover, several
favourable meta-analyses are available, although their validity is limited by the great
heterogeneity of the trials included. The disease modifying effect of SIT, that is the capacity of
preventing asthma onset should be also taken into account. Concerning the safety, fatalities
seem to be an exceptional event and in Europe no fatality has been reported over the last two
decades. Uncontrolled asthma is universally recognized as the most important risk factor for
severe adverse events. In conclusion both SLIT and SCIT can be used in asthma associated with
rhinitis (which is the most common condition), provided that asthma is adequately controlled
by pharmacotherapy. In such case, a measurable clinical benefit on asthma symptoms can be
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expected. On the other hand, SIT cannot be presently recommended as single therapy when
asthma is the unique manifestation of respiratory allergy.

Introduction

Although in guidelines it is clearly stated that allergen
immunotherapy is not specific for the disease (rhinitis/
asthma) but only for the allergen causing disease [1], the
efficacy has been always maintained separate for the two
disorders, and the issue of specific immuotherapy (SIT) in
asthma is one of the most debated aspects in the field for
several decades [2-7]. This is even more curious if we look
at venom immunotherapy, where a distinction of its
efficacy in urticaria, angioedema or anaphylaxis has
never been made. In addition, we should consider that
isolated allergic asthma without rhinitis is infrequent,
whereas asthma is present in >300% of rhinitics (for
review see [8]). This is the reason why the majority of the
recent clinical trials have been conducted in allergic
rhinitis (AR) (with or without allergic asthma), and very
few trials were specifically designed to evaluate the effect
of SIT in asthma. Another problem is that none of the
trials evaluating asthma symptoms has been adequately
designed and reported [9]. In other words, none of the
trials had a sample size calculation and a power analysis
based on asthma symptoms as primary outcome. In
addition, there is no formal consensus on which measure-

ment parameters for asthma should be chosen. Asthma
symptoms, rescue medications, combined scores, asthma-
free days, forced expiratory volume in 1s (FEV,), and
asthma exacerbations are all equally reasonable choices
[10]. In this regard, objective functional pulmonary mea-
surements were carried out only sporadically.

As such, all our knowledge on SIT in asthma is based
on old clinical trials with injection subcutaneous immu-
notherapy (SCIT), and on few recent trials conducted with
the sublingual immunotherapy route (SLIT). Despite
the presence of these limitations and confounding factors,
there is some evidence available to derive at least provi-
sional conclusions.

Subcutaneous immunotherapy in asthma

Clinical trials

There are numerous clinical trials of SCIT in asthma, most
of them published before 1990 and including small
numbers of patients. The available largest reviews of
clinical trials included 32 [1] and 33 [2] randomized
placebo-controlled trials. Many of the studies were not
specifically designed for asthma, but had asthma
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symptoms reported. Although there are heavy methodo-
logical limitations (small samples, no power calculation,
variable inclusion criteria) the aforementioned studies
substantially agree on the clinical efficacy of SCIT in
asthma induced by the most common allergens (grass,
mite, pet dander), although 25% of the studies mentioned
in the WHO position paper [1] failed to show a significant
difference in clinical efficacy between placebo and active
groups. In some studies an effect on specific and non-
specific bronchial responsiveness (BR) was also clearly
documented.

After 1998 several new randomized controlled trials
[11-31] were published (Table 1). Also in this case none of
the studies had a formal sample size calculation, the
inclusion criteria and outcomes were largely variable,
and the methodological quality was sometimes low. The
number of patients ranged from approximately 20 to 120.
Some trials reported totally or partially negative clinical
results [11, 19, 20]. Nonetheless the majority of the recent
trials were able to show an improvement of asthma

symptoms, and some of them also a reduction of anti-
asthma drugs intake. Whereas lung function [either FEV,
or peak expiratory flow rate (PEFR)] was measured only in
few trials [11, 19, 22, 25, 30] and with controversial
results, many trials consistently reported a significant
decrease in bronchial non-specific and specific respon-
siveness [11, 12, 15, 17, 19, 21].

Meta-analyses

The first meta-analysis of SCIT in asthma was published in
1995 [32], included 20 studies (either controlled or not)
and concluded that there was a significant effect of SCIT
over placebo in reducing symptoms and drug intake. The
authors updated the meta-analysis about 10 years later
[33], and results supported a similar conclusion. The same
meta-analysis was updated again very recently [34]. This
latter review includes 88 randomized controlled trials (70
of which placebo-controlled) published between 1954 and
2009, with 13 new studies added. The methodological

Table 1. Randomized controlled trials of SCIT in asthma published after 1998

Active/ Jadad

References Allergen placebo™ Duration score  Main results

Tabar et al. [31] Alternaria 14/14 A 1 year 5/5 | asthma symptom score and asthma severity; | PEFR

Garcia-Robaina Mite 32/32 A 1 year 4/5 | asthma symptom score; | specific-bronchial reactivity; |

et al. [30] inhaled steroids

Blumberga et al. [29] Mite 27/27 3 years 4/5 | inhaled steroids at 1 and 2 year; no change asthma severity

Roberts et al. [28] Grass 19/20 C 2 years 5/5 | asthma symptom score; | specific-bronchial reactivity

Ferrer et al. [27] Parietaria 21/20 A 20 months 3/5 Not placebo controlled. | asthma symptom score and asthma
severity; 1 well days

Wang et al. [26] Mite 64/65 A/C 1 year 3/5 | asthma symptom score and medication score; no change in
PEFR

Ameal et al. [25] Mite 29/26 A 1 year 2/5 | specific and non-specific bronchial reactivity; | asthma
symptoms; no change in medication score

Maestrelli et al. [21] Mite 41/31 A 1 year 4/5 No change asthma symptoms; | use salbutamol; | specific-
bronchial reactivity;

Mirone et al. [24] Ragweed 16/15 A 1 year 4/5 | asthma symptoms and medication score; | asthma-free days

Varney et al. [20] Mite 15/13 A 1 year 4/5 No change asthma symptoms, medications, PEFR

Guerra et al. [19] Olive 2 doses 15/15/15A 12 months 2/5 | specific-bronchial reactivity only with the highest dose

Ferrer and Mite 22/11 A 6 months 1/5 Not placebo controlled. | specific-bronchial reactivity; T PEFR;

Garcia-Sellés [23] no change in inhaled steroids and asthma symptoms

Arvidsson et al. [22] Birch 10/9 A 6 months 3/5 | specific-bronchial reactivity (early and late phase); | non-
specific bronchial reactivity

Gonzilez et al. [17] Olive 23/23 A 1 year 2/5 | specific-bronchial reactivity and symptom score

Basomba et al. [18] Mite (liposome) 28/27 A 1 year 3/5 | asthma symptom score and medications, | well days; no
change PEFR

Arvidsson et al. [16] Birch 25/23 A 2 years 3/5 | asthma symptom score and medication score

Bodtger et al. [14] Birch 17/18 A 10 months 5/5 | asthma symptom score and total medication score

Grembiale et al. [15]  Mite 42/42 A 2 years 3/5 | non-specific-bronchial reactivity

Hedlin et al. [11] Mite/cat 14/15C 3 years 3/5 | non-specific-bronchial reactivity; no change in inhaled
steroids use

Paranos and Mite 40/40 A 4 months 1/5 | skin reactivity; no change medications; {FEV,, PFR

Petrovic [12]

Adkinson et al. [13] seven allergen mix  61/60 C 2 years 4/5 No difference in clinical parameters between groups

*A, Adults; C, children. |, decrease/reduction; T, increase; FEV, forced expiratory volume in 1s; PEFR, peak expiratory flow rate; QoL, quality of life.
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quality, assessed by the Jadad score, was low to moderate,
with only six trials receiving the maximum score of 5
points. Concealment of allocation was considered ade-
quate in 16 trials and insufficient in 15. Symptom scores
were reported in 35 studies and medication scores in 21,
whereas only 20 studies had a pulmonary function mea-
surement. There was only a borderline reduction of
symptoms with mite allergens, whereas the effect was
highly significant with pollens. No significant improve-
ment with cat, dog or multiple allergen extracts was
observed. The effect of SCIT on asthma medication was
significant. No change in pulmonary function could be
seen, whereas a significant reduction in allergen-specific
bronchial responses was consistently shown. The hetero-
geneity of the studies was high, thus limiting the strength
of the conclusions that could be drawn from the meta-
analysis.

Additional effects of subcutaneous immunotherapy in
asthma

Rhinitis is a risk factor for the development of asthma
[8, 35]. Because SIT profoundly modifies the immune
response to allergens it has been hypothesized that it may
alter the natural history of the disease, specifically
by reducing the risk of asthma onset. Thus, another
possible evaluation criterion of efficacy is the capacity of
immunotherapy to prevent the development of asthma.
Indeed, the preventative effect of SIT was suggested >40
years ago in an observational open prospective study [36],
but it was confirmed in a more rigorous trial only in the
last decade [37, 38]. The Preventative Allergy Treatment
study enrolled 205 children (aged 6-10 years) suffering
from AR. They were randomized to either drug therapy
alone or drugs plus SCIT. After 3 years, the SCIT-treated
patients had developed significantly less asthma than the
control group, with an odds ratio of 2.5. Interestingly, the
beneficial effect of SCIT lasted several years after discon-
tinuation, and also at the 10 year follow-up there were
significantly less patients with asthma in the formerly
SCIT-treated group.

Comparison with pharmacotherapy

The clinical effects of SIT are not immediate such as those
of traditional drugs (i.e. bronchodilators or antihista-
mines), but the immunomodulation is profound and
long-lasting. Based on this background, it is currently
stated that SIT does not replace drugs but must be used in
addition to them, in order to achieve the maximum
benefit. Nevertheless, the direct comparison of the effects
of drugs and SIT is still a matter of debate. The main
problem in such comparison studies is that the clinical
benefits of SIT can be appreciated only in the long-term,
whereas pharmacotherapy has a prompt action that can be
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measured within days. Another problem is that a rigorous
head-to-head comparison would require a double-blind
and double-dummy design that is difficult to do for long
periods.

Very few studies compared SCIT and pharmaco-
therapy, and none specifically in asthma. Rak et al. [39]
in a double-blind study showed that nasal steroids were
more effective than SIT in controlling rhinitis in the short-
term, although SIT decreased the seasonal bronchial
hyperresponsiveness (BHR) in asthmatic patients. Shaikh
[40] compared SIT and inhaled budesonide in an open
study and found that the steroid produced a more rapid
and relevant benefit than SIT, but SIT maintained its
effects even after discontinuation. These studies, con-
ducted in the short-term, overall failed to demonstrate a
clear advantage of immunotherapy over drugs.

Safety

In the studies published so far, the frequency of SCIT-
induced SRs is largely variable according to the allergen
used, the administration schedule, the standardization of
the extract, the maintenance dose given and the severity
and type of disease before the treatment. Another problem
in studying the safety of SIT is the lack of a universally
accepted classification/grading of the adverse events. This
problem has recently been addressed by the World Allergy
Organization with a proposal of a new classification and
grading system [41]. Finally, most data on systemic side-
effects come from small controlled studies, whereas only
large-scale surveys can assure reliable data on the pre-
valence, character and severity of side-effects.

The majority of the data we have available on the safety
of SCIT come therefore from the large surveys performed
in the United States [42-47]. They recorded about 50
deaths over a 50-year period with a risk of one death
every 2 500 000 injections and one near-fatal reaction per
million injections. In this regard, it is important to
remember that the clinical practice of SCIT in the United
States is partly different from Europe, as mixtures of
multiple allergens are commonly used [48]. Thus, caution
should be applied in transferring the USA data to other
countries. There are less data available in European
countries. In the well-known report of 26 deaths in UK
over 30 years, published in 1986 [49], many were prob-
ably ascribable to incorrect practice, whereas it was
established that the presence of asthma was a risk factor
in most cases. Since that time fatalities have become
extremely rare, and no report has been released in the last
decade. Two Italian surveys [50, 51], reported an overall
rate of systemic reactions of about 5% of patients.
A Spanish survey including 423 patients [52] found
a slightly lower prevalence of 3.7% reactions per patient.
A recent multi-centre survey [53] suggested that systemic
reactions are slightly more frequent in rhinitis with
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asthma than in rhinitis alone, although another retro-
spective study [54] found no significant association be-
tween SRs and the presence of asthma.

Despite the overall rarity of deaths the surveys agreed
on the fact that uncontrolled asthma is the most promi-
nent risk factor for fatalities and severe adverse events,
including asthma itself [1]. Thus, asthma is not an abso-
lute contraindication to SCIT, provided that the patient is
well controlled with pharmacotherapy.

Sublingual immunotherapy in asthma

Clinical trials

SLIT is more recent than SCIT and, therefore, its effects in
asthma are still an important matter of debate. There are
now >60 randomized controlled trials of SLIT [55], but
none was formally sized and adequately powered for
asthma. For this reasons it is not possible to be definitive
about the role of SLIT in asthma at the present time.
Nonetheless there are some trials which have been speci-
fically designed to evaluate the effects in asthmatics
[56-68] or which clearly reported asthma-related out-
comes (Table 2). Most studies were performed in children.

Three studies [56, 57, 58] reported no effect on asthma
symptoms. Nevertheless, in two of these studies [56, 57],
all the patients (active and controls) had almost no
symptoms of asthma at baseline and during the trial,
therefore not leaving the possibility that an effect, if
present, could be detected. When patients had measurable
asthma symptoms at enrolment, the effect of SLIT could be
demonstrated. This was clearly shown in three studies [59,
60, 61] with dust mite extracts. One involved 85 adults and
the others 58 and 86 children with mite-induced asthma.

Table 2. Randomized controlled trials of slit in asthma

In these studies, in addition to clinical improvement an
increase in functional spirometric parameters was seen. In
the adult study FEV, increased from 95% to 102% of
predicted, in one pediatric study non-specific bronchial
reactivity was more than halved after SLIT [59], and in the
other one FEV, increased from 83% to 92% of predicted
[60]. In another pediatric study [62] a significant decrease
in symptoms, but not medication intake, was seen. Pajno
et al. [63] reported a significant clinical improvement of
asthma symptoms in mite-allergic children, although no
functional parameter was evaluated. Similar results were
reported by Lue et al. [65] and Niu et al. [64], who evaluated
nighttime and daytime symptoms and also FEV, showing a
significant change vs. baseline and vs. placebo for all
parameters. The most recent pediatric trial, specifically
investigating asthma [66] reported a significant improve-
ment in all clinical parameters. One of the recent ‘big trials’
assessed the effect of grass tablets on asthma in children
5-16 years of age [67]. All asthma symptoms were signifi-
cantly reduced, whereas use of rescue medication was
reduced not significantly. Finally, in a randomized double-
blind placebo-controlled trial, it was shown that SLIT was
capable of reducing the degree of non-specific BHR in
children with parietaria allergy [68].

Meta-analyses

The number of randomized controlled trials is nowadays
quite large and, therefore, some meta-analyses could be
performed. The first meta-analysis specifically dedicated
to the effect of SLIT in asthma was published in 2006 [69],
and analyzed 25 trials with 1076 patients (adults and
children). This meta-analysis reported a significant

Active/ Jadad

References Allergen placebo™ Duration score Main results

Tari et al. [60] Mite 30/28 C 18 months 4/5* | asthma symptom score and total medication score; | specific and
non-specific bronchial reactivity

Bousquet et al. [59] Mite 17/18 A 2 years 4/5 | asthma symptom score; 1FEV,, PFR; T QoL

Hirsch et al. [58] Mite 13/14C 1 year 5/5 | asthma symptom score; no change in bronchial reactivity

Vourdas et al. [62] Olive 34/32 C 2 years 4/5 | dyspnea score; no change in medications

Pajno et al. [63] Mite 12/12C 2 years 5/5 | asthma symptom score only 2nd year; | night asthma symptom
and medication both years

Ippoliti et al. [61] Mite 47/39 C 6 months 4/5 | asthma symptom score; 7 FEV,

Pajno et al. [68] Parietaria 20/20 C 2 season 5/5 | inseason non-specific bronchial reactivity

Niu et al. [64] Mite 56/54 C 6 months 4/5 | asthma symptom score, daytime, nighttime symptoms and
medication score; no change FEV, and oral steroids

Lue et al. [65] Mite 10/10 C 8 months 4/5 | nighttime symptoms, | FEV, vs. baseline; no change total
symptom score, medications and FEV, vs. placebo

Dahl et al. [56] Grass 74/40 A 5 months 5/5 No change symptoms and medications

Pham Ti et al. [57] Mite 55/56 C 18 months 4/5 No change symptoms, medications, FEV, well days

Stelmach et al. [66] Grass 25/25C 2 season 5/5 | asthma symptoms and medications

Bufe et al. [67] Grass 126/127 C 6 months 5/5 | asthma symptoms; no change medications

*A, Adults; C, children. |, decrease/reduction; increase; FEV; 1, forced expiratory volume in 1s; PEFR, peak expiratory flow rate; QoL, quality of life.
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difference between SLIT and placebo for categorical out-
comes (better/unchanged/worsened), but no difference
using the symptom or medication scores for asthma. On
the other hand, the combined symptom score of asth-
ma+rhinitis were clearly in favour of SLIT. Nonetheless,
there was a high heterogeneity, which limits at some
extent the positive conclusions. Another meta-analysis
[70] dealt with pediatric asthma (patients < 18 years) and
included nine trials with 441 patients. The results, accord-
ing to the mean standardized difference demonstrated a
significant reduction in both symptoms (P=0.02) and
medication use (P=0.007) vs. placebo. Also in this case a
high degree of heterogeneity was found, due to the
different inclusion criteria, scoring systems and regimens.

One of the major problems of meta-analyses is that they
pool together the different allergens (i.e. mites and pol-
lens). Very recently, this aspect has been addressed by two
analyses, one restricted to mite extracts [71] and one to
grass extracts [72]. The meta-analysis for dust mites
included nine trials with asthma symptoms/medications
evaluated. The results showed a significant reduction vs.
placebo in both symptom scores (P =0.02) and medication
intake (P=0.02). Also in this case, there was a high
heterogeneity (I* > 900%) across studies. The meta-analysis
for grasses did not report specific results for asthma.

Additional effects

Because rhinitis is a risk factor for the development of
asthma [8], it is possible that SIT has the potential to
modify the progression of allergic diseases. This was
demonstrated previously in a randomized open trial with
SCIT as mentioned above. Concerning SLIT there are two
studies supporting the possible disease-modifying effect
of the treatment. The first open controlled study [73]
involved 113 children aged 5-14 years suffering from
seasonal rhinitis due to grass pollen. They were randomly
allocated to medications plus SLIT or medications only.
After 3 years, 8/45 SLIT subjects and 18/44 controls had
developed asthma, with a relative risk of 3.8 for untreated
patients. Another randomized open controlled trial [74]
involved 216 children (age 5-17 years) suffering from
rhinitis with/without intermittent asthma. They were
randomly allocated 2 : 1 to drugs plus SLIT or drugs only,
and followed for 3 years for the presence of persistent
asthma. The prevalence of persistent asthma was 2/130
(1.5%) in the SLIT group and 19/66 (30%) in the control
group, with a number to treat of 4. These data support the
need for further randomized blinded trials of the potential
long-term benefits of SLIT in the development of asthma.

Comparison with pharmacotherapy

As occurs for SCIT, the comparison of efficacy between
SLIT and medications remains an open problem. This is

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9

due to the fact that SLIT is not a receptor agonist/
antagonist but rather an immune-modifying treatment.
Thus, the effects of immunotherapy can be appreciated
only in the long-term (months). A trial [75] conducted in
asthmatic children demonstrated that the clinical efficacy
of SLIT plus fluticasone is equal to that of fluticasone
alone, but that the addition of SLIT improved also on non-
bronchial symptoms.

One head-to-head open randomized trial of SLIT vs.
inhaled budesonide as add-on in asthmatic patients,
showed in the long-term an overall superiority of immu-
notherapy [76], because SLIT provided an improvement
also in nasal symptoms and nasal inflammation, whereas
functional parameters were improved by both treatments.
The same was shown by adding SLIT or montelukast to
standard antiasthma treatment [77]. Both studies were
randomized, but open, and with measurements carried
out after 3 and 5 years, this limiting the methodological
value of the observations.

Safety

It is generally agreed that the safety of SLIT is superior to
that of SCIT [78]. No fatality has been so far reported with
SLIT. In addition, the reports of anaphylaxis with SLIT so
far available in the literature are only six [79-83] and four
of these occurred with inappropriate off label use. A
controlled dose finding study of safety [84] involved 48
grass-allergic patients outside pollen season. They re-
ceived SLIT for 28-day periods at progressively increasing
doses, up to 200 mcg Phl p 5 that is about 40 times the
amount given with one injection. The overall incidence of
side-effects was 74%, all of mild or moderate intensity.
The most frequently reported events were irritation of the
throat and oral itching. According to this study, the
occurrence of side-effects seems to be dose-dependent, as
occurs with SCIT. The study by Dahl et al. [56] specifically
assessed the safety of SLIT in asthma. More than 100
grass-allergic asthmatics were enrolled and studied before
the pollen season. The number of side-effects linked to
asthma (wheezing cough, dry throat, dyspnoea and in-
creased bronchial secretion) was similar between the
active and placebo group, and there was no evidence of
asthma aggravation. In general, SLIT induces asthma as
side-effect only very rarely [55]. Thus, limited data avail-
able suggests that the presence of asthma may not
increase the risk of adverse events. Despite this, at the
present time it is prudent that SLIT is restricted to subjects
with mild asthma and not be recommended in subjects
with uncontrolled asthma.

Concluding remarks

In recent years, evidence-based medicine has become
more and more important, and almost all guidelines and
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recommendations are prepared according to well accepted
evaluation systems such as the GRADE or the Sheckelle’s
rules [85]. The evidence based criteria firstly require that
the methodology of trials is adequate, and this is not
always the case for SIT studies. In fact, almost all the
available randomized controlled trials suffer from metho-
dological limitations, mainly the small number of pa-
tients, the absence of a sample size calculation and the
large variability of the outcomes and inclusion criteria.
This applies also to asthma studies, where no trial was
adequately powered.

It is also true that when multiple positive trials and
meta-analyses, are available, as occurs with SCIT and
SLIT, the evidence should be considered robust and the
recommendations should be of high grade. Despite this,
scientists and researchers are generally reluctant to defi-
nitely recommend the use of SIT in asthma. This is due to
the fact that (a) the large heterogeneity of trials [34, 69,
70] limits the validity of meta-analyses; (b) with SCIT,
most important, there are safety concerns; (c) with SLIT
there are few clearly positive studies; and (d) no clear
proof of an effect of SIT on pulmonary function has been
so far provided. Another problem is that the majority of
trials are not truly placebo-controlled, because rescue
medications were allowed, and that there are very few
direct comparisons of drug therapy and SIT in asthma.

On the other hand, it would not be reasonable to discard
all the clinical data that have been produced until now,
and also the likely disease-modifying and long-lasting
effects of SIT in asthma prevention should be taken into

account. As such, on the basis of the available evidence
we can say that SIT (either SLIT or SCIT) can be con-
fidently used together with medications in asthma, when
it is associated with rhinitis and when the causal role of
the allergen (pollens, mite or pets) is clearly confirmed
[86]. The recommendation of not giving SIT in patients
with moderate-severe or uncontrolled asthma remains
valid. When asthma is the only manifestation of allergic
disease, SIT may exert a beneficial effect, at least by
reducing the need for medications and reducing asso-
ciated BR. This does not imply that SIT is to be used as the
primary therapeutic approach in adults or indeed in
children, where highly effective drugs (i.e. inhaled corti-
costeroids) are currently available.

Future studies should focus on mild-moderate asthma
where asthma is the primary focus, and where long-term
benefits after discontinuation are evaluated. There is also
an urgent need to evaluate in a double-blind fashion the
long-term preventive aspects of immunotherapy in chil-
dren with rhinitis on future asthma development and the
development of new sensitizations, as implied but not
proven by currently available evidence.
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