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      Over the past 2 decades, the prevalence of allergic 
respiratory diseases has increased, in part refl ect-

ing changes in lifestyle and environment that pro-
mote a T-helper (Th) 2 cell phenotype.  1   It has been 
estimated that up to 20% of the US and Western 
Europe populations may be affl icted by allergic respi-
ratory diseases.  2,3   A recent estimate of the total national 

medical expenditure attributable to adult asthma was 
reported as $18 billion, with the largest contributors 
being prescription drugs and inpatient hospitaliza-
tions.  4,5   Although allergen avoidance is an integral 
component and step of therapy, it is often impractical 
and insuffi cient. As a consequence, the mainstay of 
allergic disease management has been pharmaco-
therapy, especially antihistamines, bronchodilators, 
and inhaled/intranasal corticosteroids, which are tar-
geted to regulate infl ammation of the upper and lower 
airways. Although these treatments are effective 
and, in most cases, safe, they offer no lasting benefi t 
once treatment is stopped and have limited intrinsic 
disease-modifying effects. Moreover, it has become 
apparent that allergic diseases are the result of immune 
dysregulation and refl ect an impairment in the nat-
ural tolerance that develops to allergens.  6,7   

 Immunotherapy has the potential to modify funda-
mental, underlying disease mechanisms and to have, 

 Allergen-specifi c immunotherapy (SIT) involves the repeated administration of allergenic extracts 
to atopic individuals over a period of 3 to 5 years either subcutaneously (SCIT) or sublingually 
(SLIT) for the treatment of allergic respiratory diseases, including asthma and allergic rhinitis 
(AR). In studies, SCIT and SLIT have been shown to improve existing symptoms of asthma and 
AR and to also have the capability to cause disease-modifying changes of the underlying atopic 
condition so as to prevent new allergic sensitization as well as arrest progression of AR to asthma. 
Recent evidence suggests that immunotherapy brings about these effects through actions that 
use T-regulatory cells and blocking antibodies such as IgG 4  and IgA 2,  which can then result in 
an “immune deviation” from a T-helper (Th) 2 cell pattern to a Th1 cell pattern. Numerous meta-analyses 
and studies have been performed to evaluate the existing data among these studies, with the 
consensus recommendation favoring the use of immunotherapy because of its potential to modify 
existing diseases. Signifi cant adverse reactions can occur with immunotherapy, including anaphy-
laxis and, very rarely, death. A primary factor in considering SIT is its potential to provide long-
lasting effects that are able to be sustained well after its discontinuation. Given the signifi cant 
burden these allergic diseases impose on the health-care system, SIT appears to be a cost-effective 
adjunctive treatment in modifying the existing disease state.    CHEST 2012; 141(5):1303–1314   

  Abbreviations:  AR  5  allergic rhinitis; BHR  5  bronchial hyperresponsiveness; PEF  5  peak expiratory fl ow; SCIT  5  sub-
cutaneous immunotherapy; SIT  5  allergen-specifi c immunotherapy; SLIT  5  sublingual immunotherapy; SMD  5  stan-
dardized mean difference; TGF  5  transforming growth factor; Th  5  T helper; Treg  5  T regulatory 
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of allergic reactions, including early- and late-phase 
responses, the latter of which has served as a model 
for allergic infl ammation. The initial component of 
the allergic reaction is sensitization, which involves 
the differentiation and clonal expansion of allergen-
specifi c Th2 cells, which, in turn, stimulate produc-
tion of IL-4 and IL-13 to induce an antibody class 
switch to IgE and production of allergen-specifi c 
IgE antibodies. These allergen-specifi c IgE mole-
cules attach to cells, such as mast cells and baso-
philic leukocytes, to complete the sensitization process. 
When an allergen is re-encountered, cross-linking 
of allergen-specifi c IgE bound to Fc ́  R1 on mast 
cell surface occurs to trigger the release of vasoac-
tive amines, leukotrienes, prostaglandins, and other 
chemokines and with this activation initiate the 
early or immediate response. Four to 6 hours later, a 
late-phase reaction may occur as a consequence of 
ongoing generation of mast cell mediators and the 
activation of allergen-specifi c Th2 cells to generate 
a variety of cytokines (IL-4, -5, -9, -13), which have 
a wide range of effects, including smooth muscle 
cell activation, increased endothelial cell adhesion 
and basophil transmigration, and recruitment of 
eosinophils to further the development of an infl am-
matory milieu.  6,10   Additionally, a Th2 cell activation-
induced apoptosis of interferon- g -producing Th1 cells 
further shifts the balance toward a Th2 cell profi le.  14   
This exaggerated and dysregulated Th2 cell pattern 
of response underlies the pathophysiology of many 
atopic diseases. 

 As stated previously, SIT attempts to attenuate this 
immune dysregulation in allergic reactions by induc-
ing immunologic and clinical tolerance. SIT has been 
shown to suppress both the early- and late-phase aller-
gic responses in the skin, nose, and lung.  15,16   Modifi -
cation of the allergic response has been demonstrated 
with SIT for grass pollen, cat allergen, birch pollen, 
and mite allergen sensitization.  17-19   A decreased late-
phase cellular infi ltrate of eosinophils, mast cells, 
neutrophils, and T cells has been observed following 
immunotherapy.  20,21   

 A number of mechanisms common to both SCIT 
and SLIT have been put forth to explain how this is 
accomplished. With both SCIT and SLIT, allergen-
specifi c IgE rises transiently with initiation of treat-
ment, but IgE then gradually returns to baseline levels 
during the maintenance phase of therapy. This IgE 
effect has been demonstrated with immunotherapy 
to grass pollen and ragweed allergens.  22-24   However, 
this decline in allergen-specifi c IgE does not tem-
porally correlate with clinical improvement or the 
blunted cutaneous response to the allergen that is 
observed in the initiation phase of SIT, and, there-
fore, it is unlikely to be the dominant mechanism by 
which immunotherapy leads to benefi t. 

in some patients, a sustained effect. This aspect of 
therapy is especially appealing and of interest. Ini-
tially described by Noon  8   and Freeman  9   a century 
ago, allergen-specifi c immunotherapy (SIT) involves 
the repeated administration of allergenic extracts to 
atopic individuals with the goal of inducing clinical 
and immunologic tolerance. Although the basic pre-
mise of SIT has remained the same, advances have 
been made in the elucidation of the mechanisms of 
SIT, with particular emphasis on T-cell immunology 
and a more recent focus on T regulatory (Treg) cells 
and antibody   isotypes.  6,10   

 Historically, SIT has been administered using a 
subcutaneous injection route (subcutaneous immu-
notherapy [SCIT]); but there are increasing data to 
support the use of a sublingual route (sublingual 
immunotherapy [SLIT]), which, because of its site 
of administration, may have effects primarily on the 
respiratory system. Importantly, SIT has been shown 
to have disease-modifying properties that can alter 
the natural course of the allergic disease, particu-
larly asthma and allergic rhinitis (AR), and provide 
lasting benefi t that is sustained when the treatment 
is completed. Thus, immunotherapy has the poten-
tial to mitigate the risk of new allergic sensitizations, 
improve current symptoms of AR/asthma and lung 
function parameters, decrease the need for medi-
cation use, and prevent progression of upper airway 
allergic disease to asthma.  11,12   

 Traditionally, SIT is administered by giving incre-
mentally increasing doses of an allergen over an 
8- to 16-week build-up phase followed by 3 to 5 years 
of a monthly maintenance dose.  13   It is necessary to 
bear in mind that there is considerable heteroge-
neity in the preparation and administration of aller-
genic extracts as well as the level of clinical effi cacy of 
individual and multiallergen extracts. Meta-analyses 
and studies on SIT for asthma and AR have to con-
tend with these variabilities, which limits recommen-
dations that can be drawn among various allergens 
and asthma outcomes. Although SIT may be benefi cial 
in broad clinical terms, there are also risks associated 
with its use, including anaphylaxis, which, fortunately, 
only rarely results in a death. Thus, it is an absolute 
requisite for the prescribing physician to carefully 
weigh the benefi ts against risks for each individual 
patient prior to initiating SIT. In our review, we will 
fi rst highlight the mechanisms of allergic reactions and 
SIT and then discuss the effectiveness of SIT in aller-
gic respiratory diseases, particularly asthma and AR. 

 Mechanisms of Allergic Reactions and 
Allergen-Specific Immunotherapy 

 To more fully appreciate and understand the mech-
anisms of SIT, it is important to fi rst review aspects 
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quent recruitment of other infl ammatory effector 
cells. Additionally, the production of IL-10 and TGF- b  
from Treg cells stimulates B cells to undergo class 
switching and produce the protective antibodies IgG 4  
and IgA 2 .  31,32   

 Dendritic cells and oral mucosal Langerhans cells 
also play a role in the induction of tolerance, whereby 
they stimulate production of Treg subsets and are 
also able to directly secrete the key effector cytokines, 
IL-10 and TGF- b , when subjected to an allergen 
challenge.  33   Increases in IL-12, a potent Th1 cell 
cytokine, have also been observed with SIT and help 
counteract this Th2 cell-dominant infl ammatory pro-
fi le.  34   Overall, these events result in an immune devi-
ation from a Th2 cell pattern of response to more of 
a Th1 and Treg cell pattern and induce peripheral 
T-cell tolerance to allergens, which correlates with 
clinical improvement in allergic infl ammation.  35   An 
illustration of the potential mechanisms is depicted 
in  Figure 1  . 

 It was also observed that both SCIT and SLIT 
induce production of allergen-specifi c IgG antibodies, 
especially IgG 4  and IgG 1 , which disrupt the interaction 
between the allergen and mast cell-bound IgE by 
directly competing for the same epitope. This “block-
ing” effect is not only the result of an increase in the 
quantity of IgG 4  antibodies but also because SIT 
amplifi es the inhibitory effect of IgG 4  on IgE-mediated 
responses in a qualitative manner.  6,25,26   How ever, con-
troversy still looms around this issue, as some studies 
of SIT have found a clear correlation with an increase 
in IgG 4  levels to clinical improvement, whereas others 
have not.  27-29   Also worth noting is the induction of 
IgA 2  antibodies with SIT, which results in IgG 4  pro-
duction through an IL-10-mediated mech anism.  30   

 Perhaps a more important mechanism of benefi t 
with SCIT and SLIT is the appearance and activity 
of FOXP3  1   CD25  1   Treg cells to produce IL-10 and 
transforming growth factor (TGF)- b  to suppress 
activity of allergen-specifi c Th2 cells with the subse-

  Figure  1. Immunologic mechanisms of immunotherapy  . IFN  5  interferon; TGF  5  transforming growth factor; Th  5  T-helper cell; 
Treg  5  T-regulatory cell. (Reproduced with permission from Shamji and Durham.  25  )   
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parisons between the studies, and only 16 trials had 
clear evidence of allocation concealment. Overall, 
SIT improved asthma symptoms (standardized mean 
difference [SMD],  2 0.59; 95% CI,  2 0.83 to  2 0.35), 
reduced medication use (SMD,  2 0.53; 95% CI,  2 0.80 
to  2 0.27), and diminished bronchial hyperresponsive-
ness (BHR) (SMD,  2 0.35; 95% CI,  2 0.59 to  2 0.11). 
Statistically, the meta-analysis found that it would 
require treating three subjects to prevent an exacer-
bation for one individual, four subjects to improve 
medication use in one, and four subjects to avoid 
nonspecifi c or allergen-specifi c BHR in one patient, 
respectively. In general, it was noted that symptom 
scores were improved more signifi cantly by mite and 
pollen immunotherapy, whereas allergen-specific 
BHR was improved by mite, pollen, and animal 
dander immunotherapy.  37   Lung function param eters, 
however, were not reported in all studies, and 
improvements in FEV 1  or peak expiratory fl ow (PEF)   
were not consistently demonstrated by use of SCIT, 
though a nonsignifi cant trend toward improvement 
was observed. Given these variable results, the conclu-
sions from this meta-analysis deserve cautious interpre-
tation and acceptance, as we need to consider many 
variables, including the allergen used, the outcome 
assessed, and the characteristics of the patients enrolled. 

 Another meta-analysis  47   of 24 prospective stud-
ies in allergic asthma showed that SCIT, compared 
with placebo, improved asthma symptoms (OR, 2.76; 
95% CI, 2.22-3.42), lung function measures (OR, 2.87; 
95% CI, 1.82-4.52), medication use (OR, 2.00; 95% CI, 
1.46-2.72), and protection against bronchial chal-
lenge (OR, 1.81; 95% CI, 1.32-2.49). More recently, 
a 2-year treatment study of birch pollen immuno-
therapy demonstrated improvement in clinical indi-
ces of asthma.  48   Three other immunotherapy studies 
of dust mite in adult and pediatric subjects with 
asthma also demonstrated improvements in symptom 
scores, medication use, and BHR.  49-51   Similarly, studies 
for grass pollen immunotherapy  52   showed improve-
ment in asthma symptom scores, whereas ragweed 
immunotherapy resulted in improved asthma symp-
toms and peak fl ow rates during the pollen season.  53   

 In contrast, a double-blind study on 121 allergic 
children with moderate to severe perennial asthma, 

 Allergen Immunotherapy in Asthma 

 Allergen exposure in the sensitized patient is an 
important factor resulting in loss of asthma control 
in both adult and pediatric populations. Although 
current asthma therapeutics, particularly inhaled 
corticosteroids and bronchodilators, have been effec-
tive in mitigating the frequency of asthma exacerba-
tions and a loss of disease control, they are ineffective 
or insuffi cient in some patients. Allergen immuno-
therapy has been shown to be benefi cial for many 
patients and is frequently added to existing treatment 
of allergic asthma in the United States and in many 
parts of Europe. Indications and contraindications 
for initiation or continuation of immunotherapy are 
summarized in  Tables 1 and 2  . Recently published 
practice parameters indicate that allergen immuno-
therapy is an effective treatment of allergic asthma 
(strength of recommendation: A).  36   Data on which 
this conclusion is based are reviewed here and sum-
marized in  Tables 3 and 4 . 

 The Effect of SCIT in Asthma 

 Many studies have assessed the effi cacy of SCIT 
in asthma over the past 50 years. A recently pub-
lished Cochrane review meta-analysis of SCIT 
assessed 88 studies on 3,459 subjects with asthma 
and included 42 trials for dust mites, 27 for pollen, 10 
for animal dander, two for molds, two for latex, and 
six for multiple allergens. Given the intrinsic nature 
of such studies and this expanded time frame, there 
was signifi cant heterogeneity among the various com-

 Table 1— Indications for Specifi c Immunotherapy  

High-dose SCIT is indicated in the following cases  :
 Patients presenting with symptoms induced by exposure to 

 allergens
 Patients exposed to a prolonged season or presenting with 

 symptoms induced by successive pollen seasons
 Patients with allergic rhinitis and lower respiratory disease during 

 peak exposure to the allergen
 Patients in whom H 1 -antihistamines and moderate doses of topical 

 glucocorticoids do not control symptoms suffi ciently
 Patients who do not wish to undertake constant or prolonged 

 pharmacotherapy
 Patients in whom pharmacotherapy causes side effects
High-dose SLIT may be indicated in the following cases:
 Clearly selected patients with rhinitis, conjunctivitis, and/or 

 asthma caused by allergy to pollens or house dust mites
 Patients whose symptoms are inadequately controlled with 

 conventional pharmacotherapy
 Patients who have had systemic reactions during specifi c 

 immunotherapy by injection
 Patients who have compliance problems with or refuse 

 immunotherapy by injection

SCIT  5  subcutaneous immunotherapy; SLIT  5  sublingual immuno-
therapy. (Reproduced with permission from Calderón et al.  7  )

 Table 2— Contraindications to Immunotherapy  

Unstable or uncontrolled asthma
Pregnancy (maintenance injections may be continued during 

pregnancy)
Use of  b -blockers
Concurrent presence of immunodefi ciency or autoimmune disease 

or malignancy
Lack of adequate resuscitation equipment and/or personnel
Young children ( ,  5 y)
Inability to comply with established immunotherapy protocols
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and efficacious alternative to SCIT and with an 
increased margin of safety. Although not currently 
used in the United States, SLIT has been exten-
sively tested in clinical trials in the United States and 
Europe, where it appears to carry only a fraction of 
the risk of SCIT for serious adverse events. SLIT 
extracts can be administered in the form of soluble 
tablets or drops (administered sublingually) and stan-
dardized using biologic and immunologic methods. 
For SCIT, the effective doses of extract that produce 
the benefi cial effect have been defi ned, but with 
SLIT the studies vary greatly in areas of dose, fre-
quency, and duration, making a consensus on treatment 
diffi cult at present. Multiple meta-analyses have 
evaluated the effi cacy of SLIT in asthma. An important 
caveat to bear in mind is that many of the studies 
included in these meta-analyses were underpowered 
and not always specifi cally designed to evaluate effi cacy 
in asthma. Consequently, it is likely premature to 
conclude on the effectiveness of SLIT in asthma. 

 With those reservations in mind, Calamita et al  38   
performed a meta-analysis on the effi cacy of SLIT 
in asthma that included 25 studies on 1,706 adults 
and children, of which eight studies were for mites, 
14 studies for pollen, one study for latex, and two 
for mixed allergens. Signifi cant improvement in 
symptoms (relative risk    5  0.48; 95% CI, 0.40-0.57) 
were noted in seven studies, with a reported number 
needed to treat of 3.7 in order to avoid exacerbation 
in one. Signifi cant improvements in FEV 1  and forced 
expiratory fl ow, midexpiratory phase (SMD 1.48 and 
1.06, respectively) were noted in four studies. How-
ever, when analyzing asthma symptoms and medica-
tion use as continuous outcomes, the reductions were 
not signifi cant (SMD,  2 0.38 and  2 0.91). Overall, the 
authors concluded that SLIT improved asthma out-
comes but, perhaps, to a lesser extent than with SCIT. 

 Another meta-analysis of SLIT in asthma included 
nine studies on 441 children, aged 3 to 18 years, of 
which six were for dust mites and three for pollen. A 
signifi cant reduction in symptom score (SMD,  2 1.14; 
95% CI,  2 2.10 to  2 0.18) and medication score 
(SMD,  2 1.63; 95% CI,  2 2.83 to  2 0.44) was noted 
with SLIT compared with placebo. In subgroup ana-
lyses, the noted improvement was more pronounced 
with house dust mites than pollen.  39   

 A more focused meta-analysis  41   of nine studies in 
452 adults and children with house dust mite SLIT 
for asthma showed signifi cant improvement in symp-
tom scores (SMD,  2 0.95; 95% CI,  2 1.74 to  2 0.15) 
and medication scores (SMD,  2 1.48; 95% CI,  2 2.70 
to  2 0.26). An additional meta-analysis of seven stud-
ies in 256 children revealed statistically signifi cant 
reductions in asthma symptom scores (SMD,  2 1.42; 
95% CI,  2 2.51 to  2 0.34) and medication requirement 
scores (SMD,  2 1.01); the authors concluded that 

who were given mixed-allergen SCIT of up to seven 
aeroallergens, failed to show any signifi cant differ-
ence in medication scores, symptom scores, PEF, 
and median methacholine provocation concentra-
tion producing 20% decline in FEV 1    when compared 
with placebo.  54   Several other studies of SCIT, par-
ticularly with mites, failed to demonstrate a sig-
nifi cant benefi t or noted only marginal benefi t for 
asthma in terms of medication or symptom scores 
for both adults and children.  55,56   In light of this infor-
mation, the debate continues among clinicians as to 
whether and under what conditions to prescribe SCIT 
for asthma. One inherent problem with many of these 
studies is the need to maintain optimal asthma control 
during the clinical trial. Under such circumstances, 
there is little room to achieve or perceive benefi t. 

 It is important to note that SIT may not only improve 
symptoms in asthma but also that this approach may 
have the ability to alter the natural march of atopic 
disease and prevent progression to asthma. An anal-
ysis by Jacobsen et al,  57   as a follow-up to the Preven-
tive Allergy Treatment study on children with birch 
or grass pollen allergy who had been treated with 
SCIT for 3 years, revealed that immunotherapy pro-
vided long-term clinical benefi t and prevented the 
development (OR, 0.22) of asthma for up to 7 years 
after discontinuing it ( Fig 2  ).  57   Polosa et al,  58   in a 
retrospective study on adults with AR treated with 
SCIT for 3 to 5 years, concluded that treatment 
with immunotherapy signifi cantly reduced (OR, 0.53; 
95% CI, 0.32-0.86) the development of new-onset 
asthma. 

 The Effect of SLIT in Asthma 

 There has been considerable interest that the 
administration of allergen via a mucosal route (ie, po) 
may also be effective and improve safety, as aller-
gens are not given systemically. In the past 25 years, 
sublingual immunotherapy has emerged as a viable 

  Figure  2. Development of asthma 7 years following specifi c immu-
notherapy. (Reproduced with permission from Jacobsen et al.  57  )   
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ies, and many studies were underpowered or not 
designed to specifi cally evaluate asthma outcomes, 
which might dampen the validity of these meta-
analyses. Although benefi cial outcomes were noted 
in a number of studies, the degree of these effects 
was sometimes small and did not always correlate 
with improved lung function indices.  37-39,41,47   Despite 
these limitations, SCIT and SLIT have been shown 
in a number of studies to have signifi cant disease-
modifying effects on either the progression or devel-
opment of asthma, an effect not seen with other forms 
of treatment. 

 Allergen Immunotherapy in AR 

 AR affects roughly 500 million patients worldwide 
to impose a signifi cant burden on the health-care 
system at an estimated annual cost of $11.2 billion 
as of 2005.  64,65   Allergic sensitization, which may fi rst 
appear as AR, is a dominant risk factor for the devel-
opment of asthma. It is estimated that SIT is used in 
only about 2% to 6% of the approximate 55 million 
patients in the United States with allergic diseases.  66   
Although perhaps being underused, allergen immuno-
therapy is most effective and safe for AR and provides 
a model system to evaluate the effects and mecha-
nisms of allergen immunotherapy. Moreover, SIT 
treatment has led to a longer duration of symptom 
reduction compared with traditional pharmacotherapy. 
As in asthma, a myriad of meta-analyses and studies 
have been performed and replicated to illustrate the 
effi cacy and safety of SIT in AR. 

 The Effect of SCIT for AR 

 A Cochrane review of SCIT in seasonal AR included 
51 studies on 2,871 adults and children, of which 

sublingual immunotherapy is safe and effective to 
abrogate respiratory allergies ( Table 3  ).  40,42   Another 
study examined the effectiveness of SLIT with cat 
extracts on 50 cat-allergic patients with or without 
asthma. After a year of treatment, asthma symptoms 
and PEF improved signifi cantly in the active treat-
ment group compared with nonsignifi cant changes 
with placebo when placed in a “cat room” to simulate 
natural exposure. Although a cat room exposure might 
not necessarily mimic a natural exposure, this study 
illustrated that SLIT can also be an effective option 
for animal allergy.  59   

 Several studies of SLIT for grass and mites have 
failed to show any or demonstrate only marginal ben-
efi t for asthma on asthma symptom scores, medica-
tion scores, or lung function parameters, including 
FEV 1  or PEF. In at least two of these studies, most of 
the patients had minimal to no asthma symptoms at 
baseline and throughout the trial, likely precluding 
the detection of a benefi cial effect of SLIT.  60,61   

 As with SCIT, numerous studies document that 
SLIT may also modify the natural history of allergic 
disease and prevent the inception of asthma. A pedi-
atric AR study used coseasonal grass pollen SLIT 
treatment of 3 years and revealed that the subse-
quent development of asthma was 3.8 times more 
likely in the control group than the treated group.  62   
In another study of 216 children with AR with or 
without intermittent asthma, patients were random-
ized to medications only or medications plus SLIT for 
3 years. A decrease in the incidence of mild persis-
tent asthma (OR, 0.04; 95% CI, 0.01-0.17) was found 
in the SLIT arm along with a dramatic decline in the 
prevalence of a positive methacholine challenge.  63   

 Overall, the data from various studies and meta-
analyses of SCIT and SLIT on asthma strike a note 
of cautious optimism for immunotherapy. There is, 
however, signifi cant heterogeneity in existing stud-

 Table 3— Meta-analyses of Randomized Controlled Trials of SIT for Treating Allergic Asthma  

Study/Year Patients Allergens
Symptom Scores, 
SMD (95% CI)

Medication Scores, 
SMD (95% CI) Comment

Abramson et al  37  /2010 3,459 children 
 and adults

SCIT  2 0.59 ( 2 0.83,  2 0.35)  2 0.53 ( 2 0.80,  2 0.27) Open trials included
Seasonal or 
 perennial

I 2     5  90% I 2   5  67% No detailed evaluation of safety
Considerable heterogeneity

Calamita et al  38  /2006 1,706 adults 
 and children

SLIT  2 0.38 ( 2 0.79,  2 0.03)  2 0.91 ( 2 1.94, 0.12) Considerable heterogeneity
Seasonal and 
 perennial

I 2   5  64% I 2   5  92% Weak methodology
Open trials included

Penagos et al  39  /2008 441 children SLIT  2 1.14 ( 2 2.10,  2 0.18)  2 1.63 ( 2 2.83,  2 0.44) Considerable heterogeneity
Seasonal and 
 perennial

I 2   5  94% I 2   5  95%

Olaguíbel and Alvarez 
Puebla  40  /2005

256 children SLIT  2 1.42 ( 2 2.51,  2 0.34) Not reported Small numbers
Seasonal and 
 perennial

I 2   5  Not reported Heterogeneity not reported

Compalati et al  41  /2009 452 adults 
 and children

SLIT  2 0.95 ( 2 1.74,  2 0.15)  2 1.48 ( 2 2.70,  2 0.26) Considerable heterogeneity 
 despite focus on a single allergenHouse dust mite I 2   5  93% I 2   5  96%

SIT  5  allergen-specifi c immunotherapy. See Table 1 legend for expansion of other abbreviations. (Reproduced with permission from Calderón et al.  42  )
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or better than, pharmacotherapy in controlling rhi-
nitis symptoms even in the fi rst season of treatment. 

 The Effect of SLIT in AR 

 The effectiveness of SLIT in AR has been pri-
marily evaluated by two meta-analyses, with one in 
the framework of a Cochrane review, which included 
60 studies on 4,589 adults and children, of which 
49 studies were used for the meta-analysis. Of the 
49 studies, 23 were for grass pollen, nine for trees, fi ve 
for  Parietaria , two for ragweed, eight for house dust 
mite, one for cat, and one for mixed allergens (birch 
and grass). Overall, SLIT led to a signifi cant reduction 
in symptoms (SMD,  2 0.49; 95% CI,  2 0.64 to  2 0.34) 
and medication use (SMD,  2 0.32; 95% CI,  2 0.43 
to  2 0.21). Sophisticated subgroup analyses were 
also included to reveal greater effi cacy for house 
dust mite (perennial allergens) than other seasonal 
allergens, including grass. A trend toward a greater 
reduction in symptom scores was noted with a lon-
ger duration (  .  12 months) of SLIT.  44   

 Another meta-analysis, exclusively in the pediatric 
population, included 10 studies, of which four were 
for house dust mites, three for grass mixes, one each 
for  Parietaria  and olive, and one for pollen mix. Over-
all, a signifi cant decline in both symptoms (SMD, 
0.56; 95% CI,  2 1.01 to  2 0.10) and rescue medica-
tion use (SMD, 0.76; 95% CI,  2 1.46 to  2 0.06) was 
found. In concordance with the previous meta-analysis, 
subgroup analyses also found a greater effi cacy when 
SLIT was used for a longer duration (  .  18 months). 
Interestingly, and in contrast, subgroup analyses with 
this meta-analysis suggested that SLIT administered 
for pollen was more effi cacious than for house dust 
mites ( Table 4  ).  45   

 Long-term clinical effi cacy has been reaffi rmed by 
Durham et al  79   in a study of SLIT for grass pollen-
induced allergic rhinoconjunctivitis. Sustained clin-
ical improvement and immunomodulatory changes 
were noted at 1 year after treatment.  79   There remains 
a relative paucity of data for SLIT in animal allergy, 
although the few available studies with cat extracts 
have shown potential effi cacy.  59,80   SLIT for AR also 
has the potential to mitigate the inception of new 
sensitizations as documented by Marogna et al,  63   
showing an incidence of 3.1% in the SLIT-treated 
patients vs 34.8% ( P   5  .01) in control subjects at a 
3-year follow-up. 

 An important caveat to bear in mind with the var-
ious meta-analyses published for SCIT and SLIT is 
the signifi cant heterogeneity with regard to patient 
population, allergen extracts used, and disease out-
comes measured. The presence of publication bias 
also introduces an element of statistical heterogeneity 

16 trials were for mixed grass, 12 for ragweed, fi ve 
for timothy grass, six for  Parietaria , four for birch, three 
for cedar, one each for  Juniperus ashei ,  Cocos , and 
Bermuda grass. Symptom score data from 15 studies 
showed a signifi cant reduction in the SCIT group 
(SMD,  2 0.73; 95% CI,  2 0.97 to  2 0.50), and med-
ication scores from 13 studies revealed a signifi-
cant reduction in the immunotherapy-treated group 
(SMD,  2 0.57; 95% CI,  2 0.82 to  2 0.33). Addition-
ally, specifi c nasal, bronchial, and ocular symptom 
scores and quality-of-life scores were also tabulated 
for various subsets of these studies, with all of the 
indices favoring the immunotherapy-treated groups.  43   
An inde pendent review of SCIT studies performed 
in the past decade for AR confi rmed these fi ndings 
and addi tionally concluded that SCIT was specifi cally 
effi cacious to ameliorate symptoms and reduce res-
cue medication use when treated with grass, birch, 
 Parietaria , mite, and ragweed immunotherapy.  67   

 Another study demonstrated the effi cacy and safety 
of SCIT in treatment-refractory patients with sea-
sonal AR caused by grass pollen.  68   Quality-of-life 
outcomes specifi cally and signifi cantly improved in 
multiple studies of grass pollen SCIT with seasonal 
AR,  69   whereas a dose-dependent effect of improved 
symptoms when placed on a higher maintenance dose 
was noted in another study of grass pollen SCIT.  70   
When treated for 3 years, long-term benefi t, which 
ranged from 3 to 12 years, was also demonstrated for 
SCIT in seasonal AR in multiple studies, including 
grass pollen, birch pollen, and ragweed.  57,71,72   

 In contrast, effi cacy data for SCIT in perennial AR 
is less robust given the diffi culty in discerning what 
allergens, or factors, contribute to symptoms and to 
what degree. A study of dust mite SCIT in perennial 
AR showed statistically signifi cant ( P   ,  .01) improve-
ment in rhinitis symptoms, rescue medication, and 
visual analog scores along with reductions in responses 
to nasal challenge and SPT.  73   Similarly, SCIT with 
animal dander demonstrated, in cat-allergic patients 
with perennial rhinoconjunctivitis, improved symptom 
scores and reduced responses to conjunctival prov-
ocation as well as decreases in skin test responses.  74   

 Like asthma, SCIT for AR also led to disease-
modifying effects as illustrated by preventing new 
sensitizations. A study on children with asthma with 
dust mite sensitization showed that at 3 years of treat-
ment, new sensitizations appeared in only 50% of 
children treated with SCIT compared with 100% of 
those in the control group.  75   Similar decreases in the 
incidence of new sensitizations were noted at even 
longer follow-up periods (5-6 years) in children and 
adults treated with SCIT compared with placebo.  76,77   
An interesting analysis by Matricardi et al  78   compared 
SCIT to pharmacotherapy based on meta-analyses; 
the authors concluded that SCIT was as effective as, 
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effi cacy,  7   although it is not entirely clear if a longer 
duration would confer better and more sustained pro-
tection against the underlying allergic condition.  82,83   
The incidence of systemic reactions of SCIT ranges 
between 0.06% and 1.01% in those receiving injec-
tions, based on the most recent meta-analysis. Most 
reactions were considered mild, and death due to 
SCIT was rare (ie, incidence is about one per million 
to one per 2 million injections).  36,84   As far as safety of 
SCIT in AR, the most recent Cochrane review found 
that epinephrine was administered in 0.13% of injec-
tions in the treated group compared with 0.01% in 
the placebo group, with no fatalities reported. Local 
reactions were common in the treated group com-
pared with placebo (92% vs 33%), with the majority 
not requiring any additional treatment.  43   

 To assess methods to improve safety, a study of 
248 patients with persistent asthma were given omal-
izumab for 16 weeks as a pretreatment to patients 
undergoing specifi c immunotherapy to perennial 
aeroallergens (cat, dog, or house dust mite). With this 
approach, signifi cantly fewer systemic allergic reactions 
occurred compared with placebo (13.5% vs 26.2%, 
 P   5  .017). More subjects taking omalizumab were 
able to achieve the target maintenance dose than 
placebo (87.3% vs 72.1%,  P   5  .004).  85   In another 
study with ragweed SIT, the combination of SIT and 
omalizumab improved severity scores associated with 
treatment and offered signifi cant protection from 
severe IgE-mediated reactions during the impacted 
season.  86   Similar results have been shown for pediat-
ric patients with SAR and asthma receiving SIT for 
birch and grass.  87   

 In contrast, there are limited data on pretreatment 
with montelukast for SCIT, and one study failed to 
demonstrate improved effi cacy for SCIT despite a 

into these meta-analyses. These limitations suggest 
a cautious interpretation of results when extending to 
all patient populations, allergens, and AR vs asthma. 
The complexity of using SIT and interpreting its 
effi cacy is particularly evident with the concept of sin-
gle vs multiallergen extract use. In the United States, 
allergists favor using multiallergen extracts, with the 
hope of addressing all major sensitivities, whereas 
allergists in Europe recommend against this practice, 
citing the rationale that inclusion of multiple aller-
gens could potentially lead to a dilution effect, such 
that an effective dose is not given and also that pro-
teolytic action of one extract on another might lead 
to its degradation. Although the aforementioned 
meta-analyses do include studies with multiallergen 
extracts, most of them used only single allergens. A 
recent analysis of multiallergen immunotherapy for 
AR and asthma looked at 13 studies (11 SCIT, one 
SLIT, one both) done over the past 50 years and con-
cluded that SCIT using multiple unrelated allergens, 
particularly ones including ragweed or grass, is clini-
cally effective, and also that similar conclusions are 
unable to be made for multiallergen SLIT due to 
insuffi cient data.  81   Despite these differences, mean-
ingful conclusions were able to be drawn from these 
analyses, with the consensus that allergen immuno-
therapy, administered either subcutaneously or sublin-
gually, is effective for the treatment of AR and asthma. 

 Safety and Health-care Economics 
of Allergen Immunotherapy 

 Subcutaneous Immunotherapy 

 It is generally accepted that a minimum of 3 years 
of SCIT is required to assess and note long-term 

 Table 4— Meta-analyses of Randomized Controlled Trials of SIT for Treating Allergic Rhinitis  

Study/Year Patients Allergens
Symptom Scores, 
SMD (95% CI)

Medication Scores, 
SMD (95% CI) Comment

Calderon 
et al  43  /2007

2,871 adults SCIT  2 0.73 ( 2 0.97,  2 0.50)  2 0.57 ( 2 0.82,  2 0.33) No children included
Seasonal I 2   5  63% I 2   5  64% No fatalities reported

Moderate heterogeneity
Radulovic 

et al  44  /2010
4,589 adults and 
 children

SLIT  2 0.49 ( 2 0.64,  2 0.34)  2 0.32 ( 2 0.43, 0.21) Considerable heterogeneity 
 despite inclusion of large trialsSeasonal and 

 perennial
I 2   5  81% I 2   5  50%

Penagos 
et al  45  /2006

484 children SLIT  2 0.56 ( 2 1.01,  2 0.10)  2 0.76 ( 2 1.46,  2 0.06) Considerable heterogeneity
Seasonal and 
 perennial

I 2   5  81% I 2   5  86%

Olaguíbel and 
Alvarez 
Puebla  40  /2005

232 children SLIT  2 0.44 ( 2 1.22,  2 0.35) Not reported Small numbers
Seasonal and 
 perennial

I 2   5  Not reported Heterogeneity not reported

Compalati 
et al  41  /2009

382 adults 
 and children

SLIT  2 0.95 ( 2 1.77,  2 0.14)  2 1.88 ( 2 3.65,  2 0.12) Considerable heterogeneity 
 despite focus on a single allergenHouse dust mite I 2   5  92% I 2   5  95%

Di Bona 
et al  46  /2010  

2,971 adults and 
 children with rhinitis

SLIT  2 0.32 ( 2 0.44,  2 0.21)  2 0.33 ( 2 0.50,  2 0.16) Moderate heterogeneity
Grass pollen I 2   5  56% I 2   5  78%

See Table 1 and 3 legends for expansion of other abbreviations. (Reproduced with permission from Calderón et al.  42  )
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and prescribing allergenic extracts and ensuring the 
presence of trained support staff to manage any 
adverse reactions. 

 Avenues of research are being actively pursued 
to improve existing modalities as well as to develop 
other novel means of immunotherapy. As discussed, 
the use of anti-IgE therapy in conjunction with 
SCIT and SLIT has improved safety and tolerance of 
immunotherapy. Also of interest is the potential to 
use recombinant allergens that might provide better 
standardization of allergens and help tailor vaccines 
to individual patients.  97   DNA vaccines that conjugate 
CpG motifs, bacterial cell-wall lipopolysaccharides  , 
and other Th1 cell stimulants to allergens have been 
shown to facilitate immune deviation and dampen 
symptoms.  98   Peptide immunotherapy using short lin-
ear T-cell epitopes of the antigen are also of interest, 
with the hope that such modalities would retain the 
antigen’s immunogenicity while curtailing its allerge-
nicity.  99   Assessment of these approaches awaits ongoing 
trials. Allergic diseases have an immune basis to their 
origin and ongoing symptoms. Treatments that are 
directed toward the basis of these diseases hold, in 
our opinion, the possibility of mechanistic-driven treat-
ment and more host disease-modifying outcomes. 
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