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KEY POINTS

� Both SCIT and SLIT are of proven effectiveness in the treatment of allergic rhinitis and
allergic asthma with some evidence that both are helpful in selected patients with atopic
dermatitis.

� Both SCIT and SLIT modify the underlying immune process resulting in persisting benefits
after cessation of treatment.

� The lesser frequency and severity of systemic reactions allows SLIT to be home adminis-
tered after the first dose.

� SCIT but not SLIT has been demonstrated to be effective using mixtures of multiple, un-
related allergen extracts.

� Although good comparative studies are lacking, available evidence suggests superior
short-term efficacy with SCIT.
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INTRODUCTION

Allergy immunotherapy (AIT) was introduced more than a century ago by Leonard
Noon as a treatment of allergic rhinitis caused by grass pollen.1 The subcutaneous in-
jection of increasing and eventually maintenance doses of various seasonal and
perennial allergens (subcutaneous immunotherapy [SCIT]) came into widespread
use for the treatment of allergic rhinitis, allergic asthma, and allergic sensitization to
insect venoms. Although of proved efficacy in allergic rhinitis,2 allergic bronchial
asthma,3 and Hymenoptera venom sensitivity,4 the use of SCIT for allergic rhinitis
and allergic asthma has been limited by the long course of treatment requiring
numerous visits to physicians’ offices, by cost, and to some extent by the possibility
of local and systemic reactions to the injections. As a result, alternative methods of AIT
have been investigated that aim to avoid these SCIT drawbacks by greatly shortening
the course of treatment, allowing home administration, or both. Alternatives under
active investigation include administering the extract in a limited number of injections
intralymphatically, applying the extracts incorporated in a patch (epicutaneously), or
treating with modified extracts that are hypoallergenic so that a few large doses are
sufficient for a course of treatment.5 The one alternative approach that has been stud-
ied the most and is now an accepted clinical practice is to administer the extract as a
liquid or a rapidly dissolving tablet (sublingual immunotherapy [SLIT]).
SCIT and SLIT are directed at modifying immune response to the allergen to which

the patient is sensitized and therefore the responses to treatment with these two ap-
proaches sharemany features (Box 1). Both have been shown to be effective for allergic
rhinitis and allergic asthma and with some support for use in selected patients with
atopic dermatitis.6 There are defined effective doses for most standardized extracts
for SCIT, for the SLIT tablets, and liquid ragweed. The sequence of immunologic
Box 1

Shared and differing attributes of SCIT and SLIT

Shared

1. Effective treatment of allergic rhinitis and allergic asthma, with some support for use in
selected patients with atopic dermatitis.

2. Defined optimal doses for standardized liquid extracts (SCIT) and SLIT tablets.

3. Underlying immunologic response
a. Early induction of regulatory T cells.
b. Later immunodeviation from a predominant Th2 to a Th1 response to the administered

allergen.
c. Suppression of Th17 responses.

4. Evidence for disease modification
a. Reduction of additional sensitization in monosensitized patients.
b. Reduction in the development of asthma in patients with allergic rhinitis.
c. Persisting benefit after stopping an effective course of treatment.

Differing

1. Frequency and severity of systemic reactions (favors SLIT).

2. Clinical efficacy with Hymenoptera venom (favors SCIT) and for food allergy (favors SLIT).

3. Lack of defined optimal doses for SLIT liquids (favors SCIT).

4. Proven effectiveness of multiple allergen mixes with SCIT but not SLIT (favors SCIT).

5. Clinical efficacy (currently available studies favor SCIT).
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responses is the same, irrespective of the route of administration and not surprising,
similar disease modification has been demonstrated with both forms of AIT. However,
there are differences between the two approaches. The most important is the greatly
reduced likelihood of SLIT producing systemic reactions, a feature that allows home
administration and thus overcomes one of themajor drawbacks of SCIT. Although there
is some evidence of efficacy of SLIT with Hymenoptera venom7,8 it is not yet clinically
recommended. SLIT for food allergy is still under investigation, but studies show
some efficacy and good safety,9 whereas SCIT for food allergy proved too dangerous
for clinical application.10 There are major drawbacks for SLIT in regard to dosing. First
is the lack of defined dosing for most liquid extracts,11 and second is the lack of demon-
strated efficacy of SLIT with multiple allergen mixtures.12 Finally, there is the question of
relative clinical efficacy, with the currently available data favoring SCIT.13,14

CLINICAL EFFICACY

Meta-analyses (Table 1) and more recent systematic reviews17,18 have confirmed the
effectiveness of SCIT and SLIT for treatment of allergic rhinitis and allergic asthma.
Meta-analyses using the Cochrane collaboration method demonstrated significant effi-
cacy of SCIT for symptoms of and medication use for allergic rhinitis2 and allergic
asthma.3 Similar analyses demonstrated significant improvement in symptoms and
medication use for allergic rhinitis15 with SLIT. Trends favored SLIT for the treatment of
allergic asthma16 but the results did not reach statistical significance perhaps because
of a smaller number of studies in this category. A more recent systematic review17 re-
ported high-quality support for the effectiveness of SCIT for reduction of asthma symp-
toms and medication use and for reduction of rhinoconjunctivitis symptoms and
moderate evidence to support reduction in rhinoconjunctivitis medication use. A com-
panionsystematic reviewofSLIT18 showedhigh-quality evidence for reduction inasthma
symptoms and moderate-quality evidence to support the reduction in symptoms of rhi-
noconjunctivitis and in the use of rescue medications for rhinitis and asthma.
Ameta-analysis of eight randomized, controlled trials providedmoderate support of the

use of house dust mite (HDM) extracts by SCIT and SLIT for selected patients with atopic
dermatitis who are HDM sensitive. Two of the studies coadministered other allergens.6
Table 1
Cochrane collaboration and Cochrane method meta-analyses of SCIT and SLIT for allergic
rhinitis and allergic asthma

Study Method
Number of
Studies Allergens

Number of
Subjects

Symptoms
Scores SMD
(95% CI)

Medication
Scores SMD
(95% CI)

Allergic rhinitis

Calderon
et al,2 2007

SCIT 51 S 2871 �0.73 (�0.97
to �0.50)

�0.57 (�0.82
to �0.33)

Radulovic
et al,15 2011

SLIT 49 S and P 4589 �0.49 (�0.64
to �0.34)

�0.32 (�0.43
to �0.21)

Allergic asthma

Abramson
et al,3 2010

SCIT 88 S and P 3459 �0.59 (�0.83
to �0.35)

�0.53 (�0.80
to �0.27)

Calamita
et al,16 2006

SLIT 25 S and P 1706 �0.38 (�0.79
to 0.03)

�0.91 (�1.94
to 0.12)

Abbreviations: CI, confidence interval; P, perennial; S, seasonal; SMD, standardized mean
difference.
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SCIT with Hymenoptera venom4 and whole body extract of imported fire ants19 is
well accepted as effective in treating sensitivity to the stings of these insects. There
are limited data for treating Hymenoptera venom sensitivity with SLIT and it is currently
not recommended.7,8

An attempt was previously made to treat patients with anaphylactic sensitivity to
peanuts with injections of peanut extract. Although the level of sensitivity could be
reduced, even the maintenance injections resulted in repeated systemic reactions,
so the treatment was deemed a failure.9 Treatment of hazel nut20 and peanut allergy10

with SLIT has been reported to increase tolerance with an acceptable rate of systemic
reactions. This treatment, although promising, must still be considered experimental.
THE IMMUNOLOGIC RESPONSE

The immunologic response to AIT involves changes in the allergen-specific humoral
response, with ultimately a shift from allergen-specific IgE to IgG, and particularly
IgG4 responses. These changes in antibody response result from underlying changes
in the T-cell responses and it is the latter that are thought to mediate the clinical
improvement and ultimate disease modification. The early T-cell response is an in-
crease in allergen-specific regulatory T cells (Tregs) secreting interleukin-10 and
sometimes also transforming growth factor-b.21,22 There is evidence that this initial in-
crease in Tregs is not fully sustained and after one or several years of continuing treat-
ment, the Treg numbers are reduced and the predominant pattern is a shift, again
allergen specific, from a T helper (Th) 2 to a Th1 cytokine responses.22–24 This is known
as immune deviation. This same evolving pattern of immunologic changes has been
demonstrated with SCIT and SLIT.
Studies with SCIT and SLIT have also demonstrated a suppressive effect of AIT on

Th17 cells and their cytokines. After 2 years of SCIT with HDM extract in adults, Th2
and Th17 cells were reduced, Th1 and Tregs were increased, and, strikingly, the
decrease in plasma interleukin-17 levels correlated highly with the decrease in symp-
toms of perennial rhinitis.25 Sublingual administration of Dermatophagoides farinae
extract for 48 weeks to children with allergic asthma also decreased symptoms,
increased Tregs, and decreased Th17 cells in the peripheral blood.26
DISEASE MODIFICATION

Pharmacotherapy of allergic rhinitis and asthma can to variable degrees control the
symptoms but has no effect on the underlying immunologic mechanisms and hence
has no persisting benefit after treatment is stopped.
Because SCIT and SLIT have been shown to modify the underlying immunologic

process, not unexpectedly both modify the progression of the respiratory allergy
and impart persistent benefits after stopping a successful course of treatment. Studies
with SCIT27 and SLIT28 have shown marked reduction in the development of new sen-
sitivities in monosensitized patients, not only during the period of treatment, but also
persisting for several years after its discontinuation. Similarly, when children having
only allergic rhinitis were treated with either SCIT29 or SLIT30 there was a significant
reduction in the number who developed asthma. Again this protection has been
shown to persist for years after treatment was discontinued.
The most important effect of modifying the underlying immune process, however, is

the persisting remission in symptoms that results from 3 to 5 years of treatment with
proved effect doses of allergens. Relapses do occur but some patients may experi-
ence long-lasting improvement.28,31
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DEFINED OPTIMAL DOSES

Ideally, to define optimal doses for AIT a dose-response study should be conducted
that includes a low dose that is suboptimal and a high dose that either shows no
improvement over a lower dose or is associated with unacceptable side effects. It is
surprising how seldom such studies of AIT have been conducted. Nevertheless, there
are SCIT studies in which a lower, less-effective dose has been included with stan-
dardized extracts of ragweed, timothy grass, HDM, cat, and dog.32 The effective
dose of major allergen was within a fairly narrow range (7–19 mg). This suggests that
at least for other pollen and animal dander extracts similar doses are likely to be effec-
tive. SCIT with Alternaria in this dose range has also proved to be effective.33

Studies of rapidly dissolving SLIT tablets for grass, ragweed, and HDM have
included dose-ranging studies and higher dose safety studies. Thus optimal doses
for safety and efficacy have been identified for these tablets.34–37 For SLIT with liquid
extracts, the same studies have not been conducted. Dose-response studies were
conducted with liquid ragweed extract38 and a birch/hazel nut/alder mix.39 However,
the two doses studied in these studies differed by nearly 10-fold leaving unanswered
whether intermediated doses might be equally effective. A two-dose study of HDM
liquid SLIT found a daily dose of 1 mg Der f 1 ineffective but a dose of 70 mg per day
reduced bronchial allergen sensitivity.40 Again, the efficacy of intermediate doses
was not investigated. Except for these studies, there seems to be little scientific basis
for many of the SLIT-liquid doses used, and effective treatment has been reported with
a 500-fold range in doses.11

MULTIALLERGEN ALLERGY IMMUNOTHERAPY

There is evidence to support the administration of mixtures of unrelated allergens by
SCIT. Four double-blind, randomized, controlled studies have shown clinical efficacy,
two in patients with allergic rhinitis41,42 and two in patients with allergic asthma.43,44

Two studies are often cited in questioning the efficacy of multiallergen SCIT, but both
have fatal flaws in their design.Onecompared the response toAIT in patientsmonosen-
sitized to grass who received only grass extract with that in patients polysensitized to
grass and other pollenswho received amixture of these pollens Thiswas not a random-
ized study and immunoblotting revealed that the polysensitized subjects were sensi-
tized to more than twice as many proteins in the grass extract as were those
monosensitized, thusproviding an alternative explanation for their less robust response
to AIT.45 The second, a study of SCIT for polysensitized childrenwith perennial asthma,
used largely seasonal allergens for treatment and omitted cat, dog, cockroach, and
mouse extracts from the treatment all of which have been shown to be important aller-
gens for perennial asthma in children. Thus the failure of AIT in this studymay havebeen
caused by omission of most of the relevant allergens from the treatment extract.46

Although there have been many more recent studies of SLIT than SCIT, all but three
have used monotherapy. Two studies used two differing extracts that were adminis-
tered simultaneously from separate dispensers.47,48 Both demonstrated efficacy for
the two components. Only the third examined truly multiallergen immunotherapy.12

In this study, subjects were randomized to receive SLIT with a timothy grass extract
(containing 19 mg at maintenance), the same dose of timothy grass combined with
nine other pollen extracts at 1:100 wt/vol, or placebo. After 10 months the subjects
receiving timothy grass monotherapy had significant favorable changes compared
with those receiving placebo in titrated skin prick tests, titrated nasal challenge, and
timothy grass–specific IgG4, whereas those receiving the same dose of timothy grass
combined with other pollen extracts differed significantly from placebo only for titrated
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skin prick tests and then to a lesser degree than those receiving timothy grass mono-
therapy. To date, this is the only study conducted of multiallergen SLIT and raises
unanswered questions regarding its suitability for clinical use.

SAFETY
Local Reactions

In a systematic review of 61 randomized controlled trials including 3577 subjects local
reactions to subcutaneous injections were reported in 5% to 58% of patients and 3%
to 10% of injections.17 Local reactions may be immediate or delayed and vary from
small areas of redness and itching to delayed larger swellings. Although patients
with frequent large reactions are at increased risk for systemic reactions, individual
large local reactions do not predict a systemic reaction and therefore should not be
a basis for dose adjustment.49

Local or application site reactions are common with SLIT. Among 3314 adults in the
timothy grass SLIT tablet studies, 67% receiving active and 24% receiving placebo re-
ported treatment-related adverse events.50 In the active treatment group this included
oral pruritus in 27%, throat irritation in 23%, ear pruritus in 13%, and mouth edema in
11%. With the highest dose ragweed SLIT tablet, local reactions were less common
than with the timothy grass SLIT tablet: oral pruritus 4%, throat irritation 11%, ear pru-
ritus 6%, andmouth edema7%.51Except for localized swelling,which tends todevelop
only after several days of treatment, the local symptoms occur with the first dose,
persist a few minutes, and cease occurring within the first 2 weeks of treatment.

Systemic Reactions

The incidence of systemic reactions to SCIT varies widely with the different doses
used in treatment. In the American Academy of Allergy, Asthma and Immunology/
American College of Allergy, Asthma and Immunology online surveillance survey,
data were submitted by allergists on the outcome from 23.3 million injection visits be-
tween 2008 and 2012.52 Systemic reactions were reported as occurring in 9.4 per
10,000 injection visits and of these 0.4 per 10,000 were severe. There was one fatality
reported during these 4 years. Although systemic reactions, even anaphylaxis, can
occur with SLIT, there have as yet been no reported fatal or near fatal reactions.53 A
review of studies with the timothy grass SLIT tablet reported eight systemic reactions,
all mild or moderate, in 2115 subjects receiving active treatment for a systemic reac-
tion rate of 0.38% of patients.54 In the United States, the Food and Drug Administra-
tion’s Prescribing Information Guides mandate that recipients of a prescription for
SLIT tablets also receive a prescription for and be instructed in the use of autoinject-
able epinephrine. The relevance of this mandate was examined in a review of phase III
trials conducted with timothy grass SLIT tablets, short ragweed SLIT tablets, and HDM
SLIT tablets, which including 8804 subjects treated for 24 to 18 months.55 Thirteen pa-
tients received epinephrine injections for SLIT-tablet related symptoms (8 local and 5
systemic reactions). Four of the systemic reactions occurred with the first dose admin-
istered in the physician’s office. The fifth occurred on day 6. None of the 5 systemic
reactions was considered serious. Patients self-administered epinephrine 8 times,
only 3 of which were for SLIT-tablet related symptoms.

COMPARATIVE EFFICACY OF SUBCUTANEOUS IMMUNOTHERAPY AND SUBLINGUAL
IMMUNOTHERAPY

In the absence of definitive head-to-head trials, an indirect approach has been used to
compare the clinical efficacy of SCIT and SLIT. The reduction in symptoms or
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medication use with SCIT or SLIT has been compared with that with placebo by meta-
analyses and then the standardized mean differences (SMD) from the meta-analyses
for SCIT and SLIT have been compared. In the four meta-analyses cited in Table 2, the
reduction in SMD for symptom scores and medication use in allergic rhinitis was –0.73
and –0.57, respectively, in 51 studies of SCIT and –0.49 and –0.32 in 49 studies for
SLIT. This has been interpreted as suggesting a greater efficacy for SCIT. The results
for asthma cannot be compared, because the SMD for symptoms andmedication with
SLIT did not differ significantly from placebo. The studies in these meta-analyses pre-
date the large randomized, placebo-controlled trials conducted with SLIT tablets. A
meta-analysis, limited to commercially available preparations, that separately
assessed the response to SCIT, SLIT tablets, and SLIT drops for grass allergic rhinitis
found no significant difference between SCIT and SLIT tablets for symptoms or medi-
cation use. The results with SLIT drops were much more variable and for symptom
reduction the drops were less effective than the tablets.56

Direct head-to-head comparisons between SCIT and SLIT are clearly preferable to
indirect comparisons of the response to placebo, but there have been problems with
the quality of most of these studies. Eleven direct comparisons, all randomized and
four placebo-controlled, were reviewed.13 Overall, the results with SCIT were superior
to those with SLIT when compared with placebo and in some instances when
compared with each other (see Table 2). The problem with interpretation of these
studies is that often the SLIT was low-dose, but more important in 9 of 11 studies
SLIT was administered every other day or two or three times a week and daily SLIT
has been shown to be more effective than thrice weekly even when the latter delivered
a higher cumulative dose.57 There is one study that seems to overcome the shortcom-
ings of many of the previous studies. Optimal treatment regimens for ALK-Abello’ sub-
cutaneous (100,000 Standardized Quality units every 2 months) and sublingual
timothy grass tablets (75,000 Standardized Quality units daily) were directly compared
in a 15-month study, which also included an untreated group.14 Outcomes included
allergen nasal challenges, specific IgG4, and several functional assays of the IgG4
response. The nasal challenge was significantly different from placebo at 3 and
Table 2
Comparative response to SCIT and SLIT in 11 randomized studies

Statistically
Significant
Differences Symptoms Medication

Skin Prick
Tests IgG4

Bronchia/
Nasal
Allergen
Challenges Miscellaneous

None reported 3 studies 7 studies 6 studies 4 studies 8 studies 9 studies

SCIT only
greater than
placebo

3 studies 2 studies 3 studies 6 studies 1 study 1 study

Both greater
than placebo

4 studies 2 studies 2 studies None 1 study 1 study

SLIT only
greater than
placebo

None None None None None None

SCIT greater
than SLIT

1 study None None 1 study 1 study None

Adapted from Nelson HS. Subcutaneous immunotherapy versus sublingual immunotherapy: which
is more effective? J Allergy Clin Immunol Pract 2014;1:144–9.
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15 months in the SCIT-treated group, but not in those receiving SLIT. Both AIT ap-
proaches induced significant humoral responses compared with placebo, but those
with SCIT were of approximately twice the magnitude of those with SLIT.

WARNINGS

There are still some unanswered questions regarding SCIT and SLIT and their use.
These include the optimal length of treatment and clarifications regarding absolute
and relative contraindications.
It is also important to consider that clinical efficacy of AIT is greatly affected by

patient adherence to the treatment regimen. Several studies have suggested that in
clinical practice, adherence to SLIT over the intended 3-year course of treatment is
variable.58 SCIT also suffers from less than optimal adherence; however, because it
is administered by allergists nonadherence does not go undetected. Furthermore,
adherence to SCIT seems to be better than to SLIT. In a pharmacy data study from
the Netherlands, 23% completed a projected 3-year course of SCIT compared with
only 7% of those prescribed SLIT. The mean duration of persistence with treatment
was 1.7 years for SCIT but only 0.6 years for SLIT.59 However, more research is
required to identify reasons for lack of adherence and develop strategies to improve
this.
Different regulatory laws in Europe and the United States currently govern registra-

tion and licensing of immunotherapy products.60 In Europe, regulatory guidance has
been published in the form of directives 2001/20/EC and 2003/63/EC, which outlined
specifications for allergen products in diagnostics and immunotherapy. The bodies
involved in the regulatory process are the European Medicines Agency and national
health authorities of the individual member states. A marketing authorization for
allergen products is achievable by national or centralized procedures and through
mutual recognition.61 However, there is a need for simplifying and standardizing the
process to make immunotherapy more widely available.
In the United States, approval of allergen extracts is the responsibility of the Division

of Bacterial, Parasitic and Allergenic Products of the US Food and Drug Administra-
tion. Allergenic Products Advisory Committee meetings were held in December
2013 and January 2014 to consider the safety and efficacy of the two grass and
one ragweed SLIT tablets.62 All three products received approval in April 2014. The
prescribing information for all three products contains a Black Box warning that the
tablets can cause life-threatening allergic reactions; should not be administered to pa-
tients with severe, unstable, or uncontrolled asthma; require the patient to be
observed for 30 minutes following the initial dose; that patients be provided with
and trained in the use of autoinjectable epinephrine; and list patients for whom the
treatment may not be appropriate because of underlying medical conditions that
reduce their ability to survive and serious allergic reaction or who may be unrespon-
sive to epinephrine or inhaled bronchodilators.63–65 Additional contraindications listed
are a history of any severe systemic allergic reaction or any severe local reaction to
SLIT, or a history of eosinophilic esophagitis.
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