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One century of allergen-specific immunotherapy for 
respiratory allergy

Sensitization to environmental inhalant aller-
gens, such as pollens, house dust mites, animal 
epithelia and moulds, is clinically expressed by 
rhinitis, conjunctivitis and asthma [1]. The treat-
ment of respiratory allergy is based on allergen 
avoidance (which is only rarely feasible), drug 
therapy and allergen-specific immunotherapy 
(SIT), but only the latter is able to act on the 
causes as well as the symptoms of allergy [2,3]. 
Moreover, SIT has a preventative role against 
new sensitizations and development of asthma 
in allergic rhinitis patients [2,3]. SIT is the prac-
tice of administering gradually increasing doses 
of the specific causative allergen to reduce the 
clinical reactivity of allergic subjects. It was 
introduced one century ago [4], but remained 
a merely empirical treatment until 1954, when 
the first controlled trial was published [5]. Until 
the 1980s, the only way to administer SIT was 
by the injective, subcutaneous route, but the 
introduction in the market of new, highly 
biologically potent allergen extracts raised the 
issue of safety because of a series of fatal sys-
temic reactions [6]. To improve the safety, other 
routes of administration were investigated, such 
as oral immunotherapy and local nasal immu-
notherapy. However, the former was found to 
be ineffective despite administering very high 
allergen doses, while the latter showed clini-
cal efficacy but had a poor tolerability, with 
nasal reactions to each administration of the 

extract [2]. In 1986, the sublingual route was 
proposed for the first time as an alternative 
route of administration [7] and in the follow-
ing years after it proved to be an effective and 
safe treatment for respiratory allergy and thus 
is the true alternative to the injection route [8]. 
To date, a very large number of trials provided 
a solid evidence for efficacy of both subcutane-
ous immunotherapy (SCIT), and sublingual 
immunotherapy (SLIT), which was accurately 
examined by a meta-analysis. 

This article aims to provide the reader a 
comprehensive view on the characteristics of 
SCIT and SLIT, with a particular focus on their 
respective advantages and limitations.

Efficacy & safety of SCIT
�� Efficacy of SCIT in asthma

The f irst meta-analysis on SCIT was per-
formed in 1995, when 20 randomized, placebo-
controlled, double-blind trials of allergen 
immunotherapy for patients with allergic 
asthma were available  [9]. Significant differ-
ences in favor of active treatment over placebo 
were found for symptomatic improvement 
(odds ratio [OR]: 3.2; 95% CI: 2.2–4.9), for 
reduction in medication (OR: 4.2; 95% CI: 
2.2–7.9), and reduction in bronchial hyper-
reactivity (BHR; OR: 6.8; 95% CI: 3.8–12). 
The authors argued that, although the ben-
efits of SCIT could be overestimated because 
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of unpublished negative studies, to overturn 
the positive results, an additional 33 negative 
studies would be necessary. 

The same authors repeated the meta-analysis 
in 2003, when 75 randomized clinical trials 
(RCTs) had been published [10]. At that time, 
the analysis parameter had become the stan-
dardized mean difference (SMD). There was 
a significant improvement in asthma symptom 
scores in actively treated patients compared 
with placebo-treated patients (SMD: -0.72; 
95% CI: -0.99 to -0.33), a significant reduc-
tion of allergen-specific BHR, and a reduction 
in nonspecific BHR as well. The results of the 
previous meta-analysis were confirmed using a 
much higher number of RCTs. The latest meta-
analysis update was carried out in 2010, which 
include 88 RCTs [11]. 

There were 42 RCTs of SCIT for house mite 
allergy, 27 for pollen allergy, ten for animal dan-
der allergy, two for Cladosporium mould allergy, 
two for latex and six RCTs looking at multiple 
allergens. There was a significant improvement in 
asthma symptom scores (SMD: -0.59; 95% CI: 
-0.83 to -0.35) and it would have been necessary 
to treat three patients (95% CI: 3–5) with SCIT 
to avoid one deterioration in asthma symptoms 
and to treat four patients (95% CI: 3–6) to avoid 
one requiring increased medication. SCIT sig-
nificantly reduced allergen-specific BHR and 
reduced nonspecific BHR. The authors con-
cluded that SCIT reduces asthma symptoms 
and use of asthma medications and improves 
BHR, and that one RCT found that the size of 
the benefit is possibly comparable with inhaled 
steroids [11].

�� Efficacy of SCIT in rhinitis 
The only meta-analysis available to date was 
reported by Calderon et al. in 2007, who 
included 51 RCTs [12]. Symptom score data 
from 15 trials were suitable for the analysis 
and showed an overall reduction in the SCIT 
group (SMD: -0.73; 95% CI: -0.97 to -0.50; 
p < 0.00001). Suitable medication score data 
from 13 RCTs showed an overall reduction in 
the SCIT group (SMD: -0.57; 95% CI: -0.82 to 
-0.33; p < 0.00001). The authors concluded that 
SCIT in properly selected patients with seasonal 
allergic rhinitis results in a significant reduction 
in symptom scores and medication use. A par-
ticular aspect was considered by Nelson, who 
reviewed studies simultaneously using two or 
more distinct allergen extracts [13]. A total of 11 
studies using SCIT were identified; administra-
tion of two extracts was effective, and in studies 

using multiple allergens, three studies showed 
clear efficacy, whereas in the other two studies, 
a lack of efficacy might have been due to inad-
equate doses of extract or omission of clinically 
relevant allergens in the treatment regimen. The 
authors argued that simultaneous administration 
of more than one allergen extract is clinically 
effective, and this is relevant considering that 
most patients selected for immunotherapy are 
sensitized to multiple allergens [14]. 

�� Safety of SCIT
The reports in the 1980s of fatal anaphylactic 
reactions to SCIT [6,15] raised the important issue 
of safety, which has actually lead to a decreasing 
use of such forms of immunotherapy, particularly 
after SLIT was introduced. Safety was also taken 
into account in the meta-analyses; in the con-
clusion of the latest meta-analysis by Abramson 
et al. on SCIT in asthma, it was stated that the 
possibility of local or systemic adverse effects 
(such as anaphylaxis) must be considered [11]. In 
the meta-analysis by Calderon et al. on rhini-
tis, SCIT showed a relatively low risk of severe 
adverse events. Adrenaline was administered in 
0.13% (19 out of 14,085 injections) of those on 
active treatment and in 0.01% (one out of 8278 
injections) of the placebo group for treatment of 
adverse events, and there were no fatalities [12].

In addition, studies specifically on SCIT safety 
are available. In 2000, Mellerup et al. evaluated 
the safety of three different induction regimens 
of clustered immunotherapy (several injections 
administered during each visit) with both aque-
ous and aluminum depot extracts in 657 patients 
(10,369 injections). An overall number of 454 
systemic (immediate and late) reactions were 
observed in 257 patients corresponding to 4.4% 
of the injections and 39.1% of the patients. Most 
of the systemic reactions were of little clinical 
importance and less than 1% were anaphylactic 
reactions. The 8-week induction regimen using 
exclusively alum depot extracts showed a statis-
tically significant lower frequency and severity 
of systemic side effects. Immunotherapy with 
cat and mite allergen extracts showed the high-
est frequency of severe side effects, probably 
because these extracts were used predominantly 
in asthmatic patients [16]. 

In a recent survey conducted in 11 Italian 
allergy departments using only standardized 
depot extracts, 1738 patients received SCIT 
from eight different manufacturers, for a total 
of 2038  courses (300 patients received two 
extracts). A total of 60,785 injections were 
administered over a mean SCIT duration of 
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3 years [17]. Overall, 95 reactions were observed 
in 57 patients (3.28%), corresponding to 4.7% 
of the courses and 1.56 of 1000 injections. A 
total of 25 patients had more than one adverse 
event. There were 34 grade 2, 60 grade 3 and 
one grade 4 reactions (classified according to 
the recommendation of the European Academy 
of Allergy and Clinical Immunology) [18] and 
no fatalities. Systemic reactions occurred more 
frequently in patients with asthma than in 
patients with rhinitis alone (4.1 vs 1.1%), and 
were equally distributed between the build-up 
and the maintenance phase. Ragweed and grass 
extracts caused significantly more side effects 
than other allergens.

Such data show that SCIT is well tolerated in 
most patients and that anaphylactic reactions 
are rare; however, the risk of a fatal or near-fatal 
reaction, although very low, requires that the 
anticipated benefit attributed to the treatment 
must be weighed against such potential risk [19]. 
One may argue that this balance may be consid-
ered unfavorable in treating patients with respi-
ratory allergy, and this was a major impulse for 
the development of SLIT.

Efficacy & safety of SLIT
�� Efficacy of SLIT in asthma 

In the first meta-analysis on efficacy of SLIT 
there was an insufficient number of RCTs on 
asthmatic patients to allow a separate analy-
sis [20]. Indeed, in the meta-analysis by Olaguibel 
et  al. including seven RCTs conducted on 
children aged up to 14  years [21], SLIT was 
significantly effective on asthma symptoms 
(SMD: -1.42; p = 0.01). The significantly posi-
tive effect in children was later confirmed by a 
meta-analysis of nine studies, including a total 
number of 441 subjects, 232 actively treated and 
209 placebo-treated patients  [22]: a significant 
reduction was found in both symptoms scores 
(SMD: -1.14; p = 0.02) and drug use (SMD: 
-1.63; p = 0.007).

Instead, in meta-analysis including 25 stud-
ies on subjects of any age, with a total number 
of 1706 patients, the SMD of the reduction of 
asthmatic symptoms did not reach the statistical 
significance [23]. However, using the intention-
to-treat method for outcome measures, signifi-
cant decreases of asthma symptoms and drug 
consumption and significant increases of lung 
function and BHR were detected. The number 
needed to treat (NNT) to avoid leaving one 
patient with the same symptoms or worse was 
3.7, which is in the range of those reported for 
injective SIT in asthmatic and rhinitic patients. 

�� Efficacy of SLIT in rhinitis
The first meta-analysis was performed in 2005 
when 22 RCTs were available [20], and demon-
strated a significantly higher efficacy of SLIT 
versus placebo, with a SMD corresponding to 
-0.42 for symptom scores (p = 0.002) and to 
-0.43 for medication scores (p = 0.00003). The 
authors did not succeed in detecting differences 
concerning subgroups, such as patient age and 
the type of allergen, because of the relatively low 
numbers. This was assessed in subsequent analy-
ses. In 2006, a meta-analysis on the efficacy of 
SLIT in children with rhinitis was published, 
including ten RCTs with an overall number of 
484 patients (245 actively treated and 239 pla-
cebo treated). A significant reduction of both 
symptoms (SMD: -0.56; p = 0.02) and medica-
tion (SMD: -0.76; p = 0.03) was observed [24]. 
A remarkable aspect was provided from the sub-
analysis addressing the length of treatment and 
the kind of allergen administered, which dem-
onstrated a higher efficacy for durations lasting 
longer than 18 months and for pollen allergens 
compared with house dust mites. In 2010, the 
global meta-analysis on rhinitis was updated, 
including 49 RCTs, 2333 patients treated 
with SLIT and 2256 treated with placebo  [25]. 
Significant reductions were confirmed for symp-
toms (SMD:  -0.49, 95%CI: -0.64 to -0.34; 
p  <  0.00001) and medication scores (SMD: 
-0.32, 95% CI: -0.43 to -0.21; p < 0.00001) in 
favor of the active treatment.

Indeed, further recent meta-analyses 
addressed the allergen source issue. As for 
house dust mites, a meta-analysis limited to 
SLIT with mite extracts showed “promising 
evidence of efficacy” but suggested a need for 
“more data, derived from large population-
based high-quality studies” [26]. Instead, the 
meta-analysis limited to studies on grass pollen 
allergy found that SLIT significantly reduces 
both symptoms (SMD: -0.32) and medication 
use (SMD: -0.33), compared with placebo, is 
more efficacious in adults than in children, and 
prolonging the duration of preseasonal treatment 
for more than 12 weeks improves the treatment 
efficacy [27].

�� Safety of SLIT
All meta-analyses found that the most common 
adverse events are local reactions in the oro-
pharynx and in the GI tract after the extract is 
swallowed, and that systemic reactions such as 
asthma, rhinitis or urticaria are quite rare [20–25]. 
In the analysis by Calamita et al. [23], the num-
ber needed to harm (i.e., the number of patients 
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to treat to have one adverse reaction) was also 
calculated. The number calculated was equiva-
lent to 14.3, therefore, more than 14 patients 
with asthma must be treated with SLIT to have 
one patient with an adverse reaction. Most local 
reactions are self-limiting and easy to manage. 
The safety of SLIT was confirmed by systematic 
reviews on patients of any age [28,29] as well as in 
children younger than 5 years [30,31]. Of note, 
in the review including the highest number of 
studies, no difference in rate of systemic reactions 
was found comparing trials using low allergen 
doses and high allergen doses, respectively [29]. 
Anaphylactic reactions are extremely rare; an 
analysis of a series of case reports showed that in 
most cases the reaction is caused by a mistake, 
such as the assumption of very high doses or the 
use of improper allergen mix [32]. However, an 
increased risk is apparent in subjects undergo-
ing SLIT because of previous systemic reactions 
to SCIT [33,34], particularly when no updosing 
regimens are used [33], and this suggests that the 
occurrence of systemic reactions to SCIT such as 
an admission criterion to SLIT should be consid-
ered [35]. In any case, SLIT should not be consid-
ered a completely safe method of SIT and needs 
to be applied following the correct indication, 
prescription and follow‑up by specialists.

Conclusion & future perspective
Specific immunotherapy in both its current 
routes of administration is an effective treatment 
for respiratory allergy, as shown by a series of 
meta-analyses, in particular, by the latest updates 
including a huge number of trials [11,25] that attri-
bute to SCIT and SLIT the maximum level of 
evidence (the Ia level) [36]. In fact, the categories 
of evidence are classified from a minimum level 
of IV (evidence from a expert committee reports 
or opinions of clinical experience of respected 
authorities) to a maximum level of Ia (evidence 
from meta-analysis of randomised controlled tri-
als) [37]. Yet, meta-analysis is still not the perfect 
method, since the heterogeneity of the included 
studies is a major limitation, which when statis-
tically analyzed is generally highly significant. 
Such limitations can be obviated by single studies 
conducted on high numbers of patients that allow 
adequate statistical power. The recent prepara-
tions for SLIT in tablets of grass pollen extract 
were evaluated on large populations, including 
855 adults treated by a Timothy grass extract [38], 
628 adults treated using a five-grass pollen 
extract [39] and 278 children treated using the 
same five-grass preparation  [40]. These studies, 
known as ‘big trials’, showed a highly significant 

improvement in symptoms and rescue-medica-
tions scores in actively treated patients compared 
with placebo-treated patients during the grass 
pollen season. In addition, the big trials provided 
important observations concerning the dose 
dependence of clinical efficacy: only high doses, 
corresponding to 75,000 standard quality in the 
Timothy grass pollen trial [38], and an index of 
reactivity of 300 in the five-grass extract trial [39], 
were effective. These new products in tablets were 
aimed at introducing formulations fulfilling the 
requirements of the European regulatory authori-
ties to be registered for use in patient with an 
allergy to grass pollen, and thus to be considered 
(differently from the old named patient product 
preparations) comparable with drugs.

Calculating the monthly cumulative dose, the 
World Allergy Organization position paper on 
SLIT suggested a dose of 600 µg of the grass 
pollen major allergen Phl p 5 was optimal [41]. 

This compares SLIT, although provisionally 
limited to grass pollen extracts, with SCIT con-
cerning the concept of dose dependence, which 
has long been recognized in the latter. In fact, 
for SCIT, the amounts in microgram of major 
allergens administered in the maintenance phase 
to expect clinical efficacy were identified for the 
most important allergens, including ragweed 
pollen, dust mites and cat epithelium [42]. Indeed, 
the search for optimal dose in SLIT should be 
based on the microgram of major allergens. Since 
one of the reasons for different results in differ-
ent studies may obviously depend on difference 
as large as 50-times in major allergen contents 
in allergen extracts from different sources, only 
trials using extract with similar allergen content 
should be compared in future meta-analyses.

The future perspectives for SIT include intro-
duction of new materials concerning active com-
ponents such as recombinant allergens, modified 
allergens, hypoallergenic isoforms and tolero-
genic peptides; as well as adjuvants to enhance 
the efficacy such as monophosphoryl lipid A or 
bacterial DNA, with the latter inducing tolerance 
to allergens through the stimulation of Toll-like 
receptors that control innate immunity [43,44].

As far as other allergic diseases are concerned, 
SCIT has a central role in hypersensitivity to 
hymenoptera venom; it is able to prevent fatal reac-
tions in all treated subjects [45]. Meanwhile, there 
are initial data on the feasibility of further appli-
cations, such as SLIT in food allergy [46,47] and 
both SCIT and SLIT in atopic dermatitis [46,48]. 

In addition, new routes of administration 
were recently proposed based on intralym-
phatic and epicutaneous administration, with 
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both demonstrating encouraging results in first 
studies [49,50]. In particular, in a study of grass 
pollen allergy, 165 patients were randomized to 
receive either 54 injections with pollen extract 
over 3 years or three intralymphatic injections 
over 2 months; despite the huge difference in 
cumulative allergen doses, the intralymphatic 
administration was equally effective than stan-
dard SCIT, and was significantly better toler-
ated [49]. The study on epicutaneous immuno-
therapy was conducted on a small population, 
including 37 patients with grass pollen allergy, 
21 of them being actively treated and 16 being 
placebo treated; active treatment achieved 

significantly lower scores to specific nasal chal-
lenge and was well tolerated [50]. Further inves-
tigations are needed to add these new routes of 
SIT to current practice.
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Executive summary

Efficacy of subcutaneous immunotherapy in asthma
�� The updated global meta-analysis, including 88 randomized controlled trials, showed that subcutaneous immunotherapy (SCIT) reduces 

asthma symptoms and use of asthma medications.
�� SCIT also improved bronchial hyper-responsiveness and, in one trial, demonstrated a sizable benefit in comparison with inhaled steroids.

Efficacy of SCIT in rhinitis 
�� SCIT in properly selected patients with allergic rhinitis resulted in a significant reduction in symptom scores and medication use.
�� Simultaneous administration of more than one allergen extract was clinically effective; this is relevant in polysensitized patients.

Safety of SCIT
�� SCIT is well tolerated in most patients and anaphylactic reactions are rare. 
�� However, the risk of severe reactions requires that the anticipated benefit attributed to the treatment must be weighed against such 

potential risk.

Efficacy of sublingual immunotherapy in asthma 
�� SLIT is effective in children with allergic asthma as demonstrated by meta-analyses.
�� The evidence for efficacy in adults is less solid.
�� In one meta-analysis, a number needed to treat of 3.7 was calculated, which is comparable to the value of 3.0 reported for SCIT. 

Efficacy of SLIT in rhinitis
�� The updated global meta-analysis, including 49 randomized controlled trials found significant reductions for symptoms and medication 

scores in favor of the active treatment.
�� Concerning house dust mites, a meta-analysis showed promising evidence for efficacy, but more data derived from large 

population‑based high-quality studies are needed.
�� A meta-analysis limited to studies on grass pollen allergy found that SLIT significantly reduced both symptoms and medication use in a 

dose-dependent manner.

Safety of SLIT
�� The most common adverse events are local reactions in the oropharynx and in the GI tract after the extract is swallowed. 
�� Systemic reactions such as asthma, rhinitis or urticaria are quite rare, and anaphylactic reactions are extremely rare.
�� In any case, SLIT should not be considered a completely safe method of allergen-specific immunotherapy and needs to be applied 

following the correct indication, prescription and follow-up by specialists.

Future perspective
�� Introduction of new materials, concerning active components, such as recombinant allergens, modified allergens,  

hypoallergenic isoforms and tolerogenic peptides, as well as adjuvants to enhance the efficacy are likely to further improve  
allergen-specific immunotherapy.

�� Concerning SLIT, the formulation in tablets ensures optimal products for both patients and regulatory authorities. 
�� New routes of administration, based on intralymphatic and epicutaneous administration, showed encouraging results in first studies  

and warrant further investigation.
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