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Executive Summary

Background
Allergic rhinitis is a widespread  
clinical problem, estimated to affect  
20 to 40 percent of the population in  
the United States.1-5 Inhalant allergens, 
such as plant pollens, characteristically 
cause seasonal rhinoconjunctivitis  
and/or asthma; whereas, cat dander, 
cockroaches, or dust mite allergens may 
induce symptoms year-round, and are 
associated with perennial rhinitis and/or 
asthma. The prevalence of asthma in  
the United States is approximately  
9 percent, and approximately 62 percent  
of individuals with asthma show  
evidence of also having atopy (i.e., one 
or more positive-specific IgE levels).6,7 
The medical management of patients 
with allergic rhinitis and asthma includes 
allergen avoidance, pharmacotherapy,  
and immunotherapy.4,5 

Allergen-specific immunotherapy (SIT)  
is typically recommended for patients 
whose allergic rhinoconjunctivitis and 
asthma symptoms cannot be controlled  
by medication and environmental 
controls, for patients who cannot tolerate 
medications, or for patients who do 
not comply with chronic medication 
regimens.8,9 Currently, two forms of 
specific immunotherapy are used clinically 
in the United States. The U.S. Food 
and Drug Administration (FDA) has 
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subcutaneous administration (subcutaneous 
immunotherapy) for the treatment of 
seasonal and perennial allergic rhinitis 
and allergic asthma. In the United States, 
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a patient with allergies receives subcutaneous injections 
of an allergen-containing extract, comprised of the 
relevant allergens to which the patient is sensitive, in 
increasing doses, in an attempt to suppress or eliminate 
allergic symptomatology. Considerable interest has 
also evolved in using sublingual immunotherapy as an 
alternative to subcutaneous injection immunotherapy. 
Sublingual immunotherapy involves placement of 
the allergen under the tongue for local absorption to 
desensitize the allergic individual over a period of months 
to years and diminish allergic symptoms. In 1996, an 
Immunotherapy Task Force, assembled by the World 
Allergy Organization, cited the emerging clinical data on 
sublingual immunotherapy, recognized its potential as a 
viable alternative to subcutaneous therapy, and encouraged 
continued clinical investigation to characterize optimal 
techniques.10 Over the past two decades, sublingual 
forms of immunotherapy have gained favor in Europe; 
sublingual tablet immunotherapy has been approved by 
the European regulatory authorities. In the United States, 
there are currently no FDA-approved sublingual forms 
of immunotherapy. In the absence of FDA-approved 
sublingual forms of immunotherapy, some researchers and 
physicians in the United States are exploring the off-label 
use of subcutaneous aqueous allergens for sublingual 
desensitization. An increasing number of U.S. physicians 
are employing this alternate desensitization approach in 
the treatment of allergic respiratory conditions based on 
European and U.S. studies, and on the European Medicines 
Agency’s approval of certain oral products; however, due 
to differing standardization of potency in Europe and the 
United States, doses have been hard to translate between 
countries.

Scope and Key Questions

Objectives

The primary objective of this comparative effectiveness 
review is to evaluate the efficacy, effectiveness, and 
safety of SIT (including both subcutaneous and sublingual 
immunotherapy) that are presently available for use by 
clinicians and patients in the United States We addressed 
the following Key Questions (KQs):

KQ1: What is the evidence for the efficacy and 
effectiveness of SIT in the treatment of allergic 
rhinoconjunctivitis and/or asthma?

KQ2: What is the evidence for safety of SIT in patients 
with allergic rhinoconjunctivitis and/or asthma?

KQ3: Is the safety and effectiveness of SIT different in 
distinct subpopulations with allergic rhinoconjunctivitis 
and/or asthma? Specifically:
• Children 
• Adults 
• Elderly
• Pregnant women
• Minorities 
• Inner-city and rural residents
• Monosensitized individuals
• Patients with severe asthma

Analytic Framework
Our analytic framework illustrates our approach to this 
systematic review and displays the interventions and 
comparators of interest, as well as the key primary and 
secondary outcomes (Figure A).

The analytic framework depicts the impact of treatment of 
allergic rhinitis and asthma. It shows the KQs within the 
context of the inclusion criteria described in the following 
sections. It depicts how allergen-specific immunotherapy 
in this specific population (KQ3) may improve clinical 
outcomes (KQ1) and functional tests or chemical 
biomarkers. The potential harms (KQ2) of specific 
immunotherapy are shown in the framework as well.

Methods

Input From Stakeholders 

With the input of a key informant panel, and staff at the 
Agency for Healthcare Research and Quality (AHRQ) 
and the Scientific Resources Center, we developed the 
KQs. The KQs compare how the two delivery routes of 
immunotherapy affect intermediate outcomes, long-term 
clinical outcomes, and adverse events. For additional 
input, we recruited a panel of technical experts, which 
included experts on the treatment of allergies and asthma 
in the adult and pediatric populations and then finalized the 
protocol. 

Data Sources and Selection 

We reviewed titles and then abstracts to identify 
randomized controlled trials (RCTs) on the effects of SIT. 
We included only articles published in English. Abstracts 
were reviewed independently by two investigators, and 
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Figure A. Analytic framework for allergen-specific immunotherapy in the treatment  
of allergic rhinoconjunctivitis and/or asthma

KQ = Key Question; PFT-FEV = pulmonary function test- forced expiratory volume; SIT = allergen-specific immunotherapy

KQ3
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Overall health care utilization
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Local: skin, mouth, and throat
    •   Gastrointestinal

    •   Respiratory
    •   Cardiovascular

Systemic: rash, anaphylaxis
    •   Death

were excluded if both investigators agreed that the article 
met one or more of the exclusion criteria; disagreements 
were resolved by consensus. For inclusion in this review, 
we required that the RCTs enrolled patients with allergic 
rhinoconjunctivitis and/or allergic asthma due to airborne 
allergies, and that these diagnoses were confirmed by 
objective testing. The trials had to test subcutaneous 
immunotherapy or sublingual immunotherapy alone 
or in combination with usual care, which included 
pharmacotherapy and environmental interventions. We 
included trials if the comparators were placebo, other SIT 
regimens, or pharmacotherapy. For inclusion, the trials 
had to report at least one of the following: symptoms, 
medication use, results of provocation tests, quality of 

life, harms of treatment, adherence measures, convenience 
measures, or the long-term effects of treatment, including 
prevention of sequelae of allergic disease or the 
development of new sensitivities. Studies were excluded 
if they tested specific sublingual formulations that are not 
available in the United States, or if no similar U.S. allergen 
is available for off-label use. An example is our exclusion 
of studies of sublingual tablets. We also excluded articles 
in which oral immunotherapy was immediately swallowed 
without prolonged mucosal contact, as this type of 
immunotherapy is not currently in clinical use. We also 
excluded studies that did not clearly report the dose of 
allergen delivered. Differences regarding article inclusion 
were resolved through consensus adjudication; a third 
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reviewer audited a random sample to ensure consistency in 
the reviewing process. 

Data Extraction and Quality Assessment

We created standardized forms for data extraction to 
maximize consistency in identifying pertinent data for 
synthesis. Each article underwent duplicate review by 
study investigators for data abstraction, with the second 
reviewer confirming the accuracy of the first reviewer’s 
data abstraction. Reviewer pairs were formed to ensure 
clinical and methodological expertise. Reviewers were 
not masked to the author, institution, or journal. In most 
instances, data were abstracted from the published text 
or tables. If possible, relevant data were also abstracted 
from figures. Differences in opinion were resolved through 
consensus adjudication and by discussion during team 
meetings.
Reviewers extracted detailed information on study 
characteristics, study participants, interventions, primary 
and secondary outcome measures and their methods of 
ascertainment, and safety outcomes. For studies that 
recorded outcomes at multiple time points, we used the 
outcome data from the final time point reported. For 
studies which treated and assessed subjects during a single 

season, we extracted the outcomes at peak pollen seasons 
when available. All information from the article review 
process was entered into the DistillerSR database by the 
individual completing the review. 

Two reviewers independently assessed the risk of bias in 
each article and came to consensus about the overall rating. 
We used a modification of the Cochrane Collaboration tool 
for assessing risk of bias from the “Cochrane Handbook 
for Systematic Reviews of Interventions.”11 We assessed 
six categories of potential bias: (1) lack of randomization, 
(2) lack of allocation concealment, (3) inadequate blinding, 
(4) incomplete data reporting, (5) selective reporting, and 
(6) other sources of bias including the funding source. 
Studies were categorized as having a low, moderate, or 
high risk of bias depending on their adequacy across the 
six categories.

Data Synthesis and Analysis

We distributed the studies by intervention, disease, and 
allergen, and addressed the KQs within each intervention 
and disease strata (Figure B). 

We created a set of detailed evidence tables containing 
information about each primary and secondary outcome 
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Figure B. Algorithm for the approach and classification of the studies

SCIT = subcutaneous immunotherapy; SIT = allergen specific immunotherapy; SLIT = sublingual immunotherapy
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that was extracted from eligible studies, and stratified 
the tables according to KQ. Given the substantial 
heterogeneity between studies and the lack of reporting 
of measures of variability, we did not quantitatively 
pool the data on efficacy. We summarized the safety 
of specific immunotherapy in the treatment of allergic 
rhinoconjunctivitis and/or asthma by extracting data on the 
harms or adverse events reported in the included studies. 
The safety data reported in this systematic review include 
only information from the RCTs that met the criteria for 
inclusion in the review. The adverse events of specific 
immunotherapy were divided into two categories: local 
reactions (reactions that occur at the site of introduction 
of allergen) and systemic reactions (reactions that occur 
distant to the site of introduction of the allergen). These 
data could not be pooled quantitatively, either, due to 
heterogeneity.

At the completion of our review, we graded the quantity, 
quality, and consistency of the best available evidence 
addressing KQs 1, 2, and 3 by adapting an evidence 
grading scheme recommended by the AHRQ “Methods 
Guide for Effectiveness and Comparative Effectiveness 
Reviews.”12,13 We graded the evidence for each comparison 
for each outcome. Our grading incorporated the risk of 
biases in the trials, the consistency of the direction of the 
effect across studies for a given comparison and outcome, 
the relevance of the collection of trials to the question 
of interest (directness), and the magnitude of the effects 
reported in the trials. We could not comment on the 
precision of the effect sizes as there were seldom measures 
of variability within the individual studies. The magnitude 
of effect in a trial was considered “weak” if there was 
less than a 15 percent difference in post-to-pre change 
comparing the SIT group and the comparator group, a  
15 to 40 percent difference was considered “moderate,” 
and a greater than 40 percent difference was considered 
“strong.” 

We assigned evidence grades for each outcome as 
follows: (1) high grade (indicating high confidence that 
the evidence reflects the true effect, and further research 
is very unlikely to change our confidence in the estimate 
of the effect); (2) moderate grade (indicating moderate 
confidence that the evidence reflects the true effect, 
although future research may change our confidence in 
the estimate of the effect and may change the estimate); 
(3) low grade (indicating low confidence that the evidence 
reflects the true effect, and further research is likely to 
change our confidence in the estimate of the effect and 
is likely to change the estimate); and (4) insufficient 
(evidence is unavailable). The investigator responsible for 

each section assigned the evidence grades, and the team 
reviewed the grades and came to consensus. We did not 
assign evidence grades for indirect outcome measures, 
such as pulmonary function test results and provocation 
tests (including nasal, conjunctival, and bronchial 
provocation tests).

Results
Our search identified 7,746 citations. After the necessary 
exclusions, 142 articles were included in the review. All  
of the included studies were RCTs. We included  
74 references that investigated the efficacy and safety of 
subcutaneous immunotherapy, 60 studies that investigated 
the efficacy and safety of sublingual immunotherapy, and 
8 studies that compared subcutaneous immunotherapy and 
sublingual immunotherapy. Figure C shows the results of 
our literature search.

Study Characteristics  

The primary diagnoses of the subjects in the included 
articles were allergic rhinoconjunctivitis and/or asthma. 
The majority of studies included adults only (52%), 
followed by studies enrolling only children (24%); 
studies of mixed adult and pediatric participants were 
least frequent. Study sizes ranged from 15 to 511 patients. 
Twenty-three studies (20%) had fewer than 30 patients  
and twenty-six studies (18%) had more than 100 patients. 
The majority of the subcutaneous immunotherapy studies  
(51 studies or 69%) had 50 subjects or fewer, whereas  
60 percent of sublingual immunotherapy studies  
(36 studies) enrolled at least 50 subjects. The majority 
of studies evaluated seasonal allergens (subcutaneous 
immunotherapy: 59%, sublingual immunotherapy: 
67%), followed by perennial allergens (subcutaneous 
immunotherapy: 41%, sublingual immunotherapy: 30%), 
while least common were mixed seasonal and perennial 
allergens (subcutaneous immunotherapy: 2%, sublingual 
immunotherapy: 3%). Nearly all studies had at least a 
medium risk of bias (subcutaneous immunotherapy:  
80%, sublingual immunotherapy: 85%). Forty-eight 
percent of subcutaneous studies and 61 percent of 
sublingual studies had industry support in the form of 
either funding and/or supplies.

Population Characteristics

The age range at the time of randomization was 3 to  
72 years in the subcutaneous immunotherapy studies and 
4 to 74 years in the sublingual immunotherapy studies. 
Only one study reported race. The duration of allergic 
rhinoconjunctivitis and/or asthma prior to enrollment was 
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Figure C. Literature search  

RCT = randomized controlled trial; SCIT = subcutaneous immunotherapy; SIT = specific immunotherapy; SLIT = sublingual immunotherapy 
*Total may exceed number in corresponding box, as articles were excluded by two reviewers at this level. 
**Other reasons: Control group is healthy population, routes of administration not included, abandoned interventions, outcomes not reported, no 
comparator group, continued medical education reports, editorials or reviews, studies about mechanism or action, other allergies (food, aspirin).
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•  No original data: 228
•  Other reason for exclusion (specify): 179**

•  Exclude but keep for harms analysis: 64

Reasons for Exclusion at Title/Abstract Review Level*

•  Does not apply to any of the key questions: 3,385
•  No subjects with allergic rhinoconjunctivitis: 129
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reported in 48 percent of the studies. Twenty-two percent 
of the studies reported that patients had been affected for 
more than 5 years. In 22 percent of the studies, patients 
had been affected for 1 to 5 years. 

Intervention Characteristics

The duration of treatment ranged from one season to  
5 years; the majority of studies treated the participants 
for less than 3 years. Thirty-five percent of studies treated 
participants for less than 1 year. There was substantial 
heterogeneity in the doses of immunotherapy administered 
to participants, and the studies used a variety of units to 
report dosing. 

Subcutaneous Immunotherapy  

Key Question 1. What is the evidence for the  
efficacy and effectiveness of subcutaneous  
immunotherapy in the treatment of allergic  
rhinoconjunctivitis and/or asthma?

The majority of the subcutaneous immunotherapy trials 
used a single allergen for treatment. In the trials testing 
subcutaneous immunotherapy against placebo injections 
or usual pharmacological measures for patients with 
asthma, the strength of evidence is high that subcutaneous 
immunotherapy reduces asthma symptoms, medication 
use, and combined asthma plus rhinoconjunctivitis 
medication use. The strength of evidence is moderate that 
subcutaneous immunotherapy reduces asthma plus rhinitis/
rhinoconjunctivitis symptoms. The strength of evidence 
is low that subcutaneous immunotherapy reduces asthma 
(with or without rhinitis) combined symptom-medication 
scores. Although we did not grade the evidence for indirect 
outcomes, we observed that subcutaneous immunotherapy 
consistently decreased specific bronchial reactivity to 
allergen challenges. No consistent benefit was observed for 
pulmonary-function test results and nonspecific bronchial 
reactivity.
Regarding the use of subcutaneous immunotherapy 
for control of allergic rhinoconjunctivitis, we found 
that the strength of evidence is high that subcutaneous 
immunotherapy reduces rhinitis/rhinoconjunctivitis 
symptoms; conjunctivitis symptoms; combined 
nasal, ocular, and bronchial symptoms; combined 
rhinoconjunctivitis plus asthma medication use; and 
improves disease-specific quality of life. The strength of 
evidence is moderate that subcutaneous immunotherapy 
reduces rhinitis/rhinoconjunctivitis medication use. 
The strength of evidence is low that subcutaneous 
immunotherapy reduces combined symptom-medication 
scores (Table A). 

Key Question 2. What is the evidence for safety 
of subcutaneous immunotherapy in patients with 
allergic rhinoconjunctivitis and/or asthma?

Not all of the studies reported safety data and the lack 
of a consistent reporting system and grading system for 
the adverse outcomes made it impossible to pool safety 
data across studies. Forty-five studies of subcutaneous 
immunotherapy reported safety data. Local reactions, 
reported in 5 percent to 58 percent of patients and  
0.6 percent to 54 percent of injections, were more common 
than systemic reactions. Most local reactions were mild. 
The most common systemic reactions were respiratory 
reactions, occurring in up to 46 percent of patients and 
following 15 percent of injections. General symptoms 
(such as headache, fatigue, arthritis) also occurred 
frequently and affected up to 44 percent of patients. The 
majority of the systemic reactions were either mild or 
unspecified. Gastrointestinal reactions, reported in only 
one study, were the least frequent reactions. Thirteen 
anaphylactic reactions were reported in four trials. No 
deaths were reported (Table B). 

Key Question 3. Is the safety and effectiveness of 
subcutaneous immunotherapy different in distinct 
subpopulations with allergic rhinoconjunctivitis  
and/or asthma? 

Insufficient data exist to describe the strength of 
evidence regarding efficacy or safety of subcutaneous 
immunotherapy in the following subpopulations: the 
elderly, pregnant women, racial and ethnic minorities, 
inner-city residents, rural residents, and individuals with 
severe asthma. However, the evidence from a few studies 
suggests that subcutaneous immunotherapy may be more 
beneficial in patients with mild asthma than in those 
with severe asthma. There were no consistent differences 
in efficacy when considering only the trials enrolling 
mono-sensitized individuals and the trials enrolling 
poly-sensitized participants. The data were sufficient to 
comment on the pediatric subpopulation. 

Efficacy of subcutaneous immunotherapy in the 
pediatric subpopulation. We included 13 RCTs, 
enrolling 920 children and comparing subcutaneous 
immunotherapy with placebo injections or usual 
pharmacological measures. As observed in the general 
population, the majority of studies used a single allergen 
for subcutaneous immunotherapy. The strength of evidence 
was moderate that subcutaneous immunotherapy reduces 
asthma symptoms. The strength of evidence was low that 
subcutaneous immunotherapy reduces asthma medication 
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use, combined asthma plus rhinitis/rhinoconjunctivitis 
medication use, and asthma/rhinitis/rhinoconjunctivitis 
symptom-medication scores. We found a moderate 
strength of evidence to support the use of subcutaneous 
immunotherapy for reducing rhinitis/rhinoconjunctivitis 
symptoms in children. The strength of evidence was low 
that subcutaneous immunotherapy reduces conjunctivitis 
symptoms and improves quality of life in children with 
rhinitis/rhinoconjunctivitis (Table C).

Safety of subcutaneous immunotherapy in the pediatric 
population. Inconsistent reporting of adverse events in 
the pediatric subcutaneous immunotherapy articles made 
it impossible to pool safety data across studies. However, 
local reactions were the most common adverse reactions 
in children receiving subcutaneous immunotherapy. There 
were no reports of anaphylaxis or death.

Sublingual Immunotherapy 

Key Question 1. What is the evidence for the  
efficacy and effectiveness of sublingual  
immunotherapy in the treatment of allergic  
rhinoconjunctivitis and/or asthma?

In the trials testing sublingual immunotherapy against 
placebo drops or usual pharmacological measures, the 
overall strength of evidence is moderate that sublingual 
immunotherapy improves allergic rhinitis and asthma 
outcomes. The strength of evidence is high that sublingual 
immunotherapy reduces asthma symptoms. The strength 
of evidence is moderate that sublingual immunotherapy 
reduces the following clinical outcomes: rhinitis/
rhinoconjunctivitis symptoms, combined asthma plus 
rhinitis/rhinoconjunctivitis symptoms, combination 
medication plus symptom scores, conjunctivitis symptoms, 
and medication use, and improves quality of life. We 
observed that sublingual immunotherapy consistently 
improved measures of pulmonary function in the allergic 
asthmatic population (Table D). 

Key Question 2. What is the evidence for safety 
of sublingual immunotherapy in patients with  
allergic rhinoconjunctivitis and/or asthma?

Forty-three studies of sublingual immunotherapy provided 
safety data. Local reactions were commonly reported and 
were described as mild. Systemic reactions were described 

infrequently; no life-threatening reactions, anaphylaxis, 
or deaths were reported in these trials. The strength of 
evidence is insufficient for definitive statements about the 
safety of sublingual immunotherapy although few serious 
events were reported (Table E). 

Key Question 3. Is the safety and effectiveness 
of sublingual immunotherapy different in distinct 
subpopulations with allergic rhinoconjunctivitis  
and/or asthma?

Insufficient data exist to describe the strength of evidence 
regarding efficacy or safety of sublingual immunotherapy 
in the following subpopulations: the elderly, pregnant 
women, racial and ethnic minorities, inner-city residents, 
rural residents, and individuals with severe asthma. 
The data were sufficient to comment on the pediatric 
subpopulation.
Efficacy of sublingual immunotherapy in the pediatric 
subpopulation. We included 18 RCTs, enrolling  
1,579 children, comparing sublingual immunotherapy 
with placebo drops or usual pharmacological measures. 
The strength of evidence is high that sublingual 
immunotherapy reduces asthma symptoms. The strength 
of evidence is moderate that sublingual immunotherapy 
reduces rhinitis/rhinoconjunctivitis symptoms, combined 
asthma plus rhinitis/rhinoconjunctivitis symptoms, 
conjunctivitis symptoms, and reduces medication use. The 
strength of evidence is low that sublingual immunotherapy 
reduces combined medication plus symptoms scores. 
There is insufficient evidence to determine the impact of 
sublingual immunotherapy on disease-specific quality of 
life. The overall strength of evidence is moderate, that 
sublingual immunotherapy in children and adolescents 
improves symptom control, when considering all domains 
with pertinent clinical outcomes (Table F).
Safety of sublingual immunotherapy in the pediatric 
population. The inconsistent reporting of adverse events 
in the pediatric sublingual immunotherapy studies made 
it impossible to pool safety data across studies. Local 
reactions were common, but mild. No life-threatening 
reactions, anaphylaxis, or deaths were reported in 
these trials. The strength of evidence is insufficient for 
definitive statements about the safety of subcutaneous 
immunotherapy or sublingual immunotherapy in children, 
although few serious events were reported.
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Subcutaneous Versus Sublingual Immunotherapy

Key Question 1. What is the evidence for the  
efficacy and effectiveness of subcutaneous versus 
sublingual immunotherapy in the treatment of  
allergic rhinoconjunctivitis and/or asthma?

Eight RCTs, published between 1989 and 2010, reported 
on the efficacy and safety of sublingual immunotherapy 
and subcutaneous immunotherapy when compared 
directly. Only three of the eight studies reported head-
to-head statistical comparisons of the clinical outcomes 
of interest. The strength of evidence is moderate that 
subcutaneous immunotherapy is superior to sublingual 
immunotherapy for control of allergic rhinitis and 
conjunctivitis symptoms. The strength of evidence is low 
that sublingual immunotherapy is superior to subcutaneous 
immunotherapy for reducing medication use. There is 
insufficient evidence to favor either route of delivery for 
reducing asthma symptoms and asthma medicine use.

Key Question 2. What is the evidence for  
safety of subcutaneous versus sublingual  
immunotherapy in patients with allergic  
rhinoconjunctivitis and/or asthma? 

The safety of sublingual immunotherapy and subcutaneous 
immunotherapy was assessed in all eight of the included 
articles. The recording and reporting of the adverse events 
was neither uniform nor comparable across studies. Local 
reactions were common and were all of mild or moderate 
severity. There was one report of anaphylaxis with 
subcutaneous immunotherapy. There were no reported 
deaths.

Key Question 3. Is the safety and effectiveness of 
subcutaneous versus sublingual immunotherapy 
different in distinct subpopulations with allergic 
rhinoconjunctivitis and/or asthma? 

Insufficient data exist to describe the strength of evidence 
regarding efficacy or safety of sublingual versus 
subcutaneous immunotherapy in these subpopulations: 
the elderly, pregnant women, racial and ethnic minorities, 
inner-city residents, rural residents, and individuals with 
severe asthma.
Three RCTS, enrolling 135 children and adolescents, 
reported on the efficacy and safety of sublingual 
immunotherapy and subcutaneous immunotherapy when 
compared directly. The strength of evidence is low to 
support subcutaneous over sublingual immunotherapy in 
children and adolescents for reducing asthma symptoms, 

allergic rhinitis/rhinoconjunctivitis symptoms, or 
decreasing medication use. Local reactions were reported 
in both groups. No systemic reactions were reported in 
patients receiving sublingual immunotherapy. Among 
children receiving subcutaneous immunotherapy, one 
anaphylaxis event and three respiratory systemic reactions 
were reported.

Discussion
For this review of the effectiveness, efficacy, and safety 
of specific immunotherapy, we summarized data from 
142 randomized controlled trials: 74 of subcutaneous 
immunotherapy, 60 of sublingual immunotherapy, and  
8 comparing subcutaneous to sublingual therapy. The 
studies had considerable heterogeneity in the outcomes 
reported, scoring of outcomes, and safety data reported, 
which precluded quantitative pooling of the data. The 
majority of studies had a moderate risk of bias due to the 
design choices that were made. 

Summary of Results

In our analysis of subcutaneous immunotherapy, key 
evidence was examined to determine the efficacy and 
effectiveness of subcutaneous immunotherapy in the 
treatment of allergic rhinoconjunctivitis and/or asthma. 
We reviewed pertinent direct clinical outcomes, such as 
symptoms, medication use, and quality of life. There is 
sufficient evidence to support the overall effectiveness 
and safety of both subcutaneous and sublingual 
immunotherapy for the treatment of allergic rhinitis and 
asthma.

Regarding asthma outcomes, this review provides 
supportive evidence subcutaneous immunotherapy 
improves several asthma and rhinitis/rhinoconjunctivitis 
outcomes. There is high-grade evidence that subcutaneous 
immunotherapy reduces asthma symptoms and asthma 
medication use. Regarding allergic rhinoconjunctivitis 
outcomes, we found high grade evidence that subcutaneous 
immunotherapy reduces rhinitis/rhinoconjunctivitis 
symptoms; conjunctivitis symptoms; combined nasal, 
ocular, and bronchial symptoms; combined asthma plus 
rhinitis/rhinoconjunctivitis medication use; and improves 
disease-specific quality of life. Overall, our findings 
are consistent with findings from previous systematic 
reviews.14-16 The majority of the studies included in this 
review used a single allergen for immunotherapy. In the 
United States, it is common practice to include multiple 
allergens in subcutaneous immunotherapy extracts. 
However, only a few trials have investigated the use of 
multiple allergen regimens for immunotherapy.
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We note that few systematic reviews of subcutaneous 
immunotherapy have focused on studies in children. 
A systematic review by Roder et al. reviewed 
immunotherapy for allergic rhinoconjunctivitis in children 
and adolescents and identified six studies of subcutaneous 
immunotherapy that showed conflicting results for clinical 
efficacy.17 For this review, we reviewed studies in pediatric 
subpopulations separately. Although the evidence supports 
the use of subcutaneous immunotherapy to improve 
asthma and allergic rhinitis outcomes in children, we found 
fewer pediatric studies, and the strength of evidence was 
lower in the pediatric subpopulation than in the mixed 
adult and pediatric population. As observed in the mixed 
population, the majority of the pediatric subcutaneous 
immunotherapy studies used a single allergen. 
Similarly, the overall strength of evidence is moderate 
that sublingual immunotherapy improves allergic 
rhinitis and asthma outcomes. There is high-grade 
evidence that sublingual immunotherapy reduces asthma 
symptoms. There is moderate-grade evidence that 
sublingual immunotherapy reduces combined rhinitis/
rhinoconjunctivitis symptoms, asthma plus rhinitis/
rhinoconjunctivitis symptoms, combination medication 
plus symptom scores, conjunctivitis symptoms, medication 
use, and improves quality of life.
In the pediatric studies, the overall strength of evidence 
is moderate that sublingual immunotherapy improves 
allergic rhinitis and asthma outcomes. There is moderate-
grade evidence to support that sublingual immunotherapy 
reduces rhinitis/rhinoconjunctivitis symptoms, combined 
asthma plus rhinitis/rhinoconjunctivitis symptoms, 
conjunctivitis symptoms, and decreases medication 
use. The strength of evidence is low that sublingual 
immunotherapy reduces combination medication use 
plus symptoms. The strength of evidence is insufficient 
to support sublingual immunotherapy use for improving 
disease-specific quality of life.
In studies comparing subcutaneous to sublingual 
immunotherapy, the evidence is insufficient to draw a 
conclusion about the superiority of one mode of delivery 
over the other.
The available safety data supports the safety of specific 
immunotherapy, although local reactions were commonly 
reported for subcutaneous and sublingual immunotherapy. 
Serious, life-threatening reactions were rare, and no deaths 
were reported. The pediatric safety data are consistent with 
the overall safety results reported for subcutaneous and 
sublingual immunotherapy. While local reactions were 
common, only one anaphylaxis event was reported in a 

child receiving subcutaneous immunotherapy in a study 
comparing subcutaneous and sublingual immunotherapy. 

There is consistency in the observed benefits across 
outcomes for both sublingual and subcutaneous 
immunotherapy, and in the mixed and pediatric-only 
populations. The direction of effect largely favors 
immunotherapy across all outcomes. 

Applicability

The results of this systematic review are applicable to 
patients with allergic rhinoconjunctivitis and/or asthma. 
We included only studies that confirmed the diagnosis 
of allergy, either by skin or in vitro testing. Furthermore, 
asthma studies were included only if the studies used 
objective measures to confirm asthma diagnosis. We 
included only studies in which the specific immunotherapy 
formulations used (or close substitutes) are available to 
clinicians in the United States, so these results should be 
applicable to practitioners in the United States.

The reviewed outcomes reflect important clinical 
outcomes for patients with environmental allergies. The 
majority of outcomes were direct measures of disease 
symptomatology, which should make the findings of our 
review meaningful to clinicians and to patients. Some 
surrogate measures, such as pulmonary function testing, 
were also included. While pulmonary function testing is an 
indirect measure of asthma outcomes, it is used frequently 
by clinicians in the United States.

However, the following should be considered regarding 
the applicability of the evidence described in this 
report. The majority of the included trials used a single 
allergen for immunotherapy; hence, it is difficult to 
determine the extent to which this evidence applies to 
U.S. practitioners using multiple allergen regimens. 
Based on the findings from a few studies that found 
subcutaneous immunotherapy to be more beneficial in 
patients with mild asthma than with severe asthma, the 
use of subcutaneous immunotherapy to treat asthma is 
probably most applicable to mild asthmatics. The majority 
of sublingual immunotherapy studies in this review 
included subjects with allergic rhinitis/rhinoconjunctivitis 
and/or mild asthma. Hence, although it may appear from 
this review that sublingual immunotherapy may be safer 
than subcutaneous immunotherapy, the safety data from 
these subgroups of patients must not be extrapolated to the 
more severely affected patients. There is little evidence 
supporting the use of immunotherapy in patients with 
severe asthma.
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While a separate sub-analysis of pediatric studies was 
performed for this review, several studies reported 
outcomes on a mixed population of adults and children 
without stratifying the outcomes by age group, so we 
could not say definitively to which population the 
results apply. Furthermore, the dosing regimens and 
durations of treatment reported in these studies varied 
widely. Therefore, this body of evidence is insufficient 
for us to comment specifically on target maintenance 
dose or on duration of sublingual therapy. This may, 
however, be interpreted as supporting the effectiveness of 
immunotherapy across a broad range of doses.
There is no clear consensus on what is considered a 
clinically relevant improvement in symptoms. While some 
clinicians may suggest that a 15 percent change could 
reflect real and significant improvement in symptoms in 
some patients, Canonica et al reported that “the minimal 
clinically relevant efficacy should be at least 20 percent 
higher than placebo.”18 We would expect less difference in 
symptom improvement when comparing immunotherapy 
to medications. Our systematic review included both 
studies using placebo and other comparators, such as 
medications. We chose to consider a less than 15 percent 
difference as a weak magnitude of effect, a 15 percent 
to 40 percent difference as a moderate magnitude of 
effect, and a greater than 40 percent difference as a strong 
magnitude of effect. We applied this scheme to all graded 
outcomes in this review.
Our analysis adds to the available information about 
the strength of evidence for the efficacy and safety of 
allergen immunotherapy for the treatment of asthma and 
allergic rhinoconjunctivitis. These findings are relevant 
to clinicians who provide care for patients affected by 
these medical conditions. The findings are also relevant 
to patients making decisions regarding therapy, as they 
findings can help inform patients on the efficacy and safety 
of allergen immunotherapy. Guideline developers may also 
find our review useful for making recommendations about 
the use of allergen immunotherapy in adults and children. 

Limitations

We encountered several challenges during our review 
process. We included only RCTs in this review; however, 
the studies varied substantially in their risk of bias. While 
all studies used randomization, several studies did not 
specify whether allocations schemes were concealed, or if 
the type of intervention was concealed from participants 
and outcome assessors. The majority of subcutaneous 
and sublingual immunotherapy studies received industry 
support financially or in the form of supplies. The 
study authors rarely reported the clear role or extent of 

involvement of the sponsors. For these reasons, several 
studies were considered to have a moderate or high risk 
of bias. The potential risk of bias played an important role 
in determining the strength of the evidence for each direct 
outcome.
The body of literature reviewed has much heterogeneity. 
The clinical outcomes reported varied from study to 
study, and there were no consistent scoring or grading 
systems for reporting pertinent primary outcomes, such 
as symptoms or medication use. The study authors used 
varying criteria for diagnosing asthma and assessing 
asthma severity and control. Some of the asthma criteria 
may overestimate, while other criteria may underestimate, 
the degree of asthma control. Some studies that reported 
combined asthma and rhinoconjunctivitis scores 
demonstrated significant improvement. It is possible 
that a preferential effect of immunotherapy on one of 
these disease processes may have highly influenced the 
combined scores. Studies with multiple allergens presented 
a similar dilemma; response to one allergen may have 
determined the overall clinical score; therefore, the true 
effect of desensitization with each allergen remains 
unclear. The heterogeneity of the data on symptoms and 
medication use precluded pooling the data for further 
analysis.

The same issues of heterogeneity existed with the safety 
data reported in the studies; the adverse events were 
reported with different denominators from study to study. 
The lack of a consistent reporting and grading system 
made it impossible to pool data. In further regards to the 
safety data, although it may appear from this review that 
sublingual immunotherapy may be safer than subcutaneous 
immunotherapy, it should be noted that there are few 
studies of sublingual immunotherapy for treating patients 
with moderate or severe asthma, which may affect the 
incidence of more severe reactions. Furthermore, our study 
reports only the safety data from RCTs, and, therefore, is 
not a comprehensive review of the incidence of adverse 
events. A comprehensive review would require the review 
of observational studies and case reports.

There were also deficiencies in the statistical reporting in 
the included studies. Most of the studies had small sample 
sizes; so, relevant statistical information on continuous 
outcomes, such as scores, were frequently unavailable  
(i.e., standard deviation, standard error, or confidence 
intervals). Therefore, precision of the point estimates 
could not be assessed. As a result, we used the magnitude 
of effect in place of precision when grading the strength 
of evidence for each outcome. In the six studies that 
compared subcutaneous and sublingual immunotherapy 
head-to-head, only three reported direct statistical 
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comparisons between the groups for the clinical outcomes 
of interest. 

There are concerns that there may be publication bias 
in the specific immunotherapy literature, as positive 
outcomes are more likely to be published than negative 
outcomes. While our study did not formally assess this, 
publication bias is a concern in this body of literature. In 
an attempt to identify unpublished studies, we requested 
information from the relevant pharmaceutical companies, 
but we did not receive any requested information packets. 
Therefore, we did not report on any unpublished studies.

Future Research
Additional RCTs are needed to examine the efficacy, 
effectiveness, and safety of SIT. The RCTs should be 
conducted with attention to the design elements that 
reduce bias, such as clear concealment of allocation and 
masking of the intervention throughout the study, to 
allow for more definitive conclusions. Future studies will 
benefit from standardized methods to report symptoms 
and symptom scoring, adverse events, and dosing quantity, 
frequency, and formulation. Published guidelines for 
allergen immunotherapy clinical trials recommend that 
the combined symptom-medication score be used as the 
primary outcome measure;18 future studies should be 
encouraged to comply with these guidelines.19-21 

There is a specific need for studies investigating the 
efficacy and safety of multiple allergen regimens, as 
multiple regimens are commonly used in the United 
States. There is increasing discussion in the scientific 
community about the clinical use and efficacy of single-
allergen versus multiple-allergen therapy, and there are 
insufficient numbers of studies which compare these head-
to-head. Future studies are needed to directly compare the 
effectiveness of single-allergen versus multiple-allergen 
regimens for desensitization. On the other hand, studies 
restricting immunotherapy to a single allergen will allow 
for a greater understanding of dose effect, dosing strategy 
effect, and effect of treatment duration on relevant clinical 
outcomes.  

Studies including patients with asthma should clearly 
describe how patients are diagnosed with asthma. 
Restricting asthma severity in studies to mild, moderate, 
or severe would be helpful in assessing whether there 
is a subgroup of patients with asthma that may benefit 
from immunotherapy. Adequately powered trials with 
appropriate subgroups of patients and utilizing correct 
methodology are needed to address the efficacy and safety 
of allergen immunotherapy in specific subpopulations 

(e.g., pregnant women, monosensitized versus 
polysensitized patients, patients with severe asthma, urban 
vs. rural patients).  

There is a need to document with future research whether 
immunotherapy has a disease-modifying activity. 
Especially in the pediatric population, there is a need to 
determine if immunotherapy can prevent or modify the 
atopic march in children at high risk for allergic rhinitis 
and asthma. Additional considerations for pediatric 
studies include identifying the optimal age for initiation 
of immunotherapy and evaluating the differential effects 
of immunotherapy based on the developmental stage of 
children and adolescents. 

Although our review and others have found sublingual 
immunotherapy effective for improving symptoms of 
allergic rhinoconjunctivitis and asthma, there are several 
unanswered questions. The target maintenance dose, 
dosing strategies, and the necessary duration of treatment 
for sublingual immunotherapy with various allergens have 
not yet been fully determined. 

Finally, there is a need for studies that directly compare 
sublingual to subcutaneous immunotherapy to strengthen 
the evidence base in children and adults. Future studies 
comparing subcutaneous to sublingual immunotherapy 
should use doses previously shown to be effective 
in earlier, high-quality studies, and direct statistical 
comparisons between the outcomes of the two groups 
would be useful for ensuring a fair comparison of the two 
therapies. 

Conclusions
In summary, we found sufficient evidence to support the 
effectiveness and safety of subcutaneous and sublingual 
immunotherapy for the treatment of allergic rhinitis and 
asthma, particularly using single-allergen immunotherapy 
regimens in adults and children. Strengthening the 
evidence for the effectiveness and safety of multiple 
allergen regimens should be high priority for future 
studies. There are far fewer pediatric studies than adult 
studies; hence, the evidence is less strong for the pediatric 
population. Additional pediatric studies may strengthen 
the evidence for the effectiveness and safety of allergen 
immunotherapy in the pediatric population. When 
comparing subcutaneous with sublingual immunotherapy, 
the existing evidence is insufficient and inconclusive. 
Additional trials are needed to establish the efficacy and 
safety of the interventions when directly compared in the 
usual care settings, given the expectation of differences in 
adherence.
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Erratum added August 2013

Erratum
On Page 9, we said, “The strength of evidence is low that 
subcutaneous immunotherapy is superior to sublingual 
immunotherapy for control of allergic rhinitis and 
conjunctivitis symptoms.” This is an error since the 
strength of evidence for this outcome is moderate, as stated 
in tables in the full report that refer to this outcome. This 
error did not affect the overall conclusions of this report.


