Sublingual immunotherapy (SLIT) for allergic respiratory diseases was first described in 1986 and
immediately appeared as a viable alternative to the traditional subcutaneous route. Since then, more than
60 randomized controlled trials have been published, almost all with very favorable results. The average
improvement over placebo in symptom score and medication use was always greater than 20%. The results
of the clinical trials were pooled in several meta-analyses, which consistently confirmed the efficacy of
the treatment. SLIT is characterized by a satisfactory safety profile, its side effects being mainly limited
to oral discomfort. Only six anaphylaxes and no fatalities have been so far reported. Due to the good
risk:benefit ratio, SLIT is currently being investigated in diseases other than respiratory allergy, such as

food allergy and atopic dermatitis.
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In 1986 the use of allergen-specific immuno-
therapy (SIT) administered by the sublingual
route (SLIT) was described for the first time [1].
Until then, the only route of administration for
SIT remained subcutaneously (SCIT), which was
repeatedly demonstrated to be effective in respira-
tory allergy. Nonetheless, with SCIT, some risk
of severe or even fatal adverse events still remains
(2). The risks can be partly attributed to techni-
cal/human errors and can therefore be avoided
(3); however, a large fraction of the severe adverse
events reported remain unpredictable, even if
all precautions are taken. Based on this, alter-
native routes of administration were repeatedly
approached. Among them, SLIT appeared as a
promising route, despite initial skepticism owing
to the low doses used and the poor design of the
early studies [4]. During the last 15 years, numer-
ous randomized controlled trials confirmed the
clinical efficacy of this route and several postmar-
keting surveys supported the good safety profile
of SLIT. Nowadays, SLIT is officially accepted in
international documents as a viable alternative to
SCIT [4-¢] for both adults and children. In addi-
tion, thanks to the good safety profile, the use
of SLIT has also recently been proposed in non-
respiratory allergy, including atopic dermatitis
and food allergy (7).

Despite the abundant literature confirm-
ing the efficacy of SLIT, some aspects are still
debated, such as the optimal maintenance dose,
best administration regimen and duration of
the treatment. Finally, the wide variability in
standardization methods, usually applied using
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in-house references, render the published studies
difficult to compare.

SLIT for allergic rhinoconjunctivitis

Efficacy
To date, the principal indication to SLIT remains
allergic rhinoconjunctivitis and most of the clini-
cal data derive from trials conducted in patients
with that disease. More than 60 randomized
double-blind placebo-controlled trials have been
published so far (for review see [6]), two-thirds of
them in dust mites and grass allergy.

The majority of trials assessed the effects of
SLIT in allergic rhinitis; however, some also
evaluated the effects in asthma, although only
in few studies was asthma the primary outcome.
Only six studies produced completely negative
results (no difference vs placebo) [8-13]. In the
60 positive studies, the degree of clinical effect
ranged from 10 to 45% over placebo with greater
than 20% in about two-thirds. When analyzing
the available trials, it was noted that some meta-
analyses were continued, subdividing patients
for age, allergen or disease (Tasie 1) [14-21]. Four
meta-analyses evaluated the use of SLIT con-
sidering only allergic rhinitis for symptoms and
drug intake [14,17.19,20] (three included patients
of all ages [14,19.20] and the fourth only patients
aged 5-18 years [17]), all providing results con-
sistently in favor of SLIT versus placebo [22]. The
same was evidenced in the two meta-analyses
that only took asthma into account [15,17). Nieto
et al. questioned the reliability of these meta-
analyses, underlining the possible publication
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Patients

303 adults
+ children

959 adults
+ children

484 children

441 children

858 adults
+ children

2791 adults
+ children

4589 adults
+ children

3950 adults
+ children

Disease Trials Effect size Effect size Comment Ref.
on symptoms on medications
Asthma 5 pollens -0.38 -0.82 No change in symptom score (15
4 mite (p =0.07) (p =0.01) Significant reduction in
medication score
Rhinitis 16 pollens ~ -0.42 -0.43 Decreased symptoms and (14]
6 mite (p =0.002) (p < 0.001) medications for rhinitis
Asthma not evaluable
Rhinitis 5 pollens -0.56 -0.76 Decreased symptoms and (16]
4 mite (p=0.02) (p =0.03) medications for rhinitis
No subanalysis feasible
Asthma 3 pollen -1.42 -1.63 Decreased symptoms and [17]
3 mite (p=0.02) (p =0.007) medications for asthma
Rhinitis Mite Rhinitis: -0.95;  -1.88 Significant effect on (18]
Asthma 8 rhinitis asthma: -0.95 (p =0.04) symptoms and drug intake
9 asthma (p=0.02) for both rhinitis and asthma
Rhinitis 19 grass -0.32 -0.33 Decreased symptoms and (19]
(p < 0.0001) (p = 0.001) medications for rhinitis
Greater effect in adults
Rhinitis 23 grass SMD: -0.49; -0.32 Similar size effect also for [20]
8 mite (p <0.00001) (p<0.001) medications
18 other
Conjunctivitis 35 seasonal SMD: -0.41; -0.1 Significant difference also for ~ [21]
12 perennial (p < 0.001) (p =NS) individual symptoms

NS: Not significant, SMD: Standardized mean difference.
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biases, the incorrect reporting and the high
heterogeneity testified by the large Cls (cer-
tainly owing to the variability in the inclusion
criteria, doses, regimens and outcome measures)
(23]. Some of the concerns expressed by Nieto
et al. (especially heterogeneity) remained, none-
theless, valid, even after more recent meta-ana-
lyses were published. However, meta-analysis is
so far the only way to summarize the results of
studies when they are not comparable with each
other. In addition, more recent meta-analyses,
restricted to house dust mite and grasses [19,20]
confirmed the results with a lesser heterogeneity
grade. Finally, the superiority of SLIT over pla-
cebo was confirmed, also limiting the analysis
to conjunctivitis symptoms [21].

Relevant information on SLIT (grass tablets)
in allergic rhinitis was obtained in the so-called
‘big trials’, where more than 200 individuals
were enrolled in each study (in some cases up to
600) [12,24-31]. Some of these trials had a dose-
ranging design, thus it was possible to demon-
strate a dose-dependent clinical effect of SLIT
and to identify the optimal maintenance dose
for grasses in 15-25 pg major allergen per day
(approximately 50-times the monthly dose of
SCIT). Finally, a magnitude of clinical effect
of 20% or greater over placebo is considered

Immunotherapy (2013) 5(3)

clinically relevant [32] and in the quoted stud-
ies this magnitude ranged from 25 to 50%
(TaBLE 2) [12,24-31] .

The comparison between immunotherapy and
drugs is still a matter of debate. In particular, the
clinical effects of SLIT can be appreciated only
in the long term (months), whereas traditional
drugs act immediately. The only available head-
to-head trials comparing SLIT as add-on therapy
versus inhaled budesonide [33] and montelukast
(34] in patients with asthma and rhinitis, respec-
tively, consistently showed a favorable outcome
for SLIT, in nasal and bronchial symptoms, and
nasal inflammation.

Finally, there are very few randomized tri-
als directly comparing SLIT with SCIT. The
first was randomized, double-blind and double-
dummy, but without a placebo arm, which failed
to find significant difference between SLIT and
SCIT [35]. Another was randomized, double-
blind, double-dummy and placebo-controlled,
and showed no significant difference in clinical
efficacy between the two routes of administra-
tion over 2 years in birch-allergic patients [36].
Another recent, randomized, open controlled
trial in children with asthma and rhinitis due to
mite provided similar results [37. Finally, a meta-
analysis-based comparison between SLIT and
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SCIT for grass pollen allergy reported a more
prominent effect in favor of SCIT, although this
comparison was totally indirect and with high
data heterogeneity [38]. Thus, the few head-to-
head comparison trials (with a small number
of subjects) could not demonstrate a difference
between the two routes, whereas an indirect
comparison pooling together all the grass pol-
len studies was in favor of SCIT. In conclusion,
no robust evidence so far exists to suggest that
one route is superior to the other.

m Safety

After more than 25 years of clinical use, the
satisfactory safety profile of SLIT has been well
acknowledged (6,39]. In general, the vast major-
ity (>90%) of side effects of SLIT are repre-

sented by local adverse reactions such as oral

to disappear after the first doses (<10 days) [40,41].
Systemic side effects, such as rhinitis, asthma
and urticaria, are reported to be very rare, and
to occur in less than 1% of patients. Only six
cases of anaphylaxis [42-46] have been described
so far, with some of them not using standardized
extracts. Finally, no fatal event has ever been
described. Due to the rarity of severe adverse
events, no risk factor has so far been clearly iden-
tified. Nonetheless, based on common sense and
transferring our knowledge about SCIT to SLIT,
it is recommended to not administer SLIT to
patients with severe/uncontrolled asthma. Also,
it is recommended that the first dose of SLIT
is administered under medical supervision [6].
Below 5 years of age is generally considered a
relative contraindication to SCIT owing to
safety concerns [4]; however, postmarketing sur-

REviEwW

itching/swelling/burning, nausea and stomach  veys have clearly shown that SLIT-induced side
ache. These side effects are usually mild and tend ~ effects are no more frequent or severe in small

Table 2. Large trials with sublingual immunotherapy.

Study Age range Pts (A/P) Allergen Duration Dose preparation Main positive results over placebo Ref.
(year) (years)
Durham 18-66 569/286  Grass 6 months 15 ug (136 pts) Drug score -28% (p = 0.012) [24]
et al. 3 doses 150 pg (139 pts) Symptoms -21% (p = 0.002)
(2006) 450 pg (294 pts) only with the highest dose
Phl p5/month QoL improved. No clinical change with the
Tablets two low doses
Dahletal. 23-35 316/318  Grass 6 months 450 pg Phl p5/month ~ RC symptoms -30% (p = 0.001); RC drugs (23]
(2006) Cumulative 2.7 mg -38% (p = 0.001); well days -52%
Tablets (p =0.004)
Didier 25-47 472/156  Grass 6 months 240 ug (157 pt) For 300 and 500 IR [26]
et al. 3 doses 750 pg (155 pt) Total and individual symptom and drug
(2007) 1.2 mg (160 pt)/month scores (p < 0.001)
Tablets RQLQ improved
Wahn 4-17 139/139  Grass 8 months 600 pg major Rhinitis score -28% (p = 0.01) (27]
et al. allergen/month Medications -24% (p = 0.006)
(2009) Tablets Medication free days (p = 0.01)
Ottetal.  20-50 142/67 Grass 5 years Cumulative 1.5 mg Combined score and symptom score (28]
(2009) 4 seasons  major allergen/season  significantly reduced since first season.
Symptoms decrease from -33 to 47% (third
season). No change in medication scores
Bufe etal. 5-16 126/127  Grass 6 min 450 pg Phl p5/month  Significant reduction in RC symptom score  [29]
(2009) Tablets (-24%), asthma score (-64%), RC
medications (-34%) and well days (+28%)
Allp <0.03
Blaiss et al. 5-17 349/358  Grass 6 min 450 g Phl p5/month Significant reduction in combined score (30]
(2011) (-26%); QoL -38%
Nelson 18-63 213/225  Grass 10 min 450 pg Phl p5/month  Significant reduction in combined (-20%) [31]
etal. Tablets and medication score (-20%)
(2011)
de Bot 6-18 126/125  Mite 2 years 4.06 pg Der p1/week  No difference between active and placebo  [12]
et al. Drops in all parameters
(2012)
A/P: Active/placebo, pt: Patient; QoL: Quality of life; RC: Rhinoconjunctivitis; ROLQ: Rhinoconjuntivitis Quality of Life Questionnaire.
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children than in older age groups [47-49], even
when multiple allergens are administered [50].

There is a certain dose-dependence in side
effects, since their occurrence increases as the
dose increases; however, so far there is no clear
demonstration of a ‘maximum tolerated dose’. A
controlled dose-finding study involved 48 grass
pollen allergic patients outside pollen season
51). They received SLIT for 28 days at progres-
sively increasing doses, up to 200 pg Phl p 5
allergen (approximately 40-times the dose given
subcutaneously). The incidence of side effects
was 74%, all of mild or moderate intensity, the
most frequent being irritation of the throat and
oral itching. An updosing phase, as is usually
carried out with SCIT, seems to be unneces-
sary with SLIT and the treatment course can
be started immediately with the maintenance
dose [24,26,52,53].

Effects on the natural history of
respiratory allergy

SIT is recommended as part of the treatment
for allergic rhinitis as an adjunct to the pharma-
cological treatment plan, in order to reduce
symptoms and the need for rescue medications.
This is named the ‘immediate’ or ‘early’ effect.
Nonetheless, it is well known that rhinitis rep-
resents an independent risk factor for the sub-
sequent development of asthma and none of
the available drugs are capable of modifying
this progression. On the other hand, SIT acts
as a biological response modifier and induces
profound changes in the immune response to
allergens, meaning that it can affect the natu-
ral history of allergy in the long term [54]. This
‘preventive’ effect was firstly demonstrated with
SCIT. In a randomized open controlled study,
SCIT was able to significantly reduce the risk
of developing asthma after 3 years of follow-up
in allergic children with rhinitis only and this
effect was maintained 7 years following discon-
tinuation [s5]. These results were subsequently
replicated with SLIT. An open randomized
controlled study involved 113 children suf-
fering from seasonal rhinitis due to grass pol-
len, who were randomly allocated to medica-
tions plus SLIT or medications only [s¢]. After
3 years, 8/45 SLIT subjects and 18/44 controls
developed asthma, with a relative risk of 3.8 for
untreated patients. Another open prospective
controlled study involved 216 children suffering
from rhinitis with/without intermittent asthma
57). They were randomly allocated 2:1 to drugs
plus SLIT or drugs only, and followed for 3 years
to detect the presence of persistent asthma. The
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prevalence of persistent asthma after 3 years was
1.5% in the SLIT group and 30% in the control
group. The preventive and history-modifying
effect of SCIT and SLIT are attractive and of
potential clinical relevance, although the trials
available so far are small, lack a placebo arm and
are not double-blind. Thus, more robust data are
required to draw a firm conclusion on this point.

Another important aspect concerning the
effects on the natural history of respiratory
allergy (not shared by standard pharmacological
treatments) is the long-lasting effect after dis-
continuation. This effect has been seen in several
SLIT studies in adults and children [40,41,58-60].
According to the literature, the beneficial effects
are maintained for 2—6 years after discontinu-
ation of SLIT, with an open study lasting
15 years. Nonetheless, a formal demonstration of
this long-lasting effect would require prolonged
double-blind controlled studies, which are not
feasible from a practical viewpoint.

Unmet needs

Despite the robust proof of the clinical efficacy
and long-term effect of SLIT, some aspects need
to be better elucidated:

The candidate patient who would receive the
most benefit from SLIT. In this regard no pre-
dictive biomarker of efficacy has been identified
so far, although some have been suggested [61].
The identification of a biomarker for subse-
quent clinical response to SLIT (as well as
SCIT) would be of primary relevance, also con-
sidering the non-negligible cost of the treat-
ment. So far, the treatment is given according
to current guidelines and the assessment of its
efficacy is only made on a clinical and a posteriori
basis;

The adequate maintenance dose required. This
has only been clearly established for grass tab-
lets, whereas data are lacking for the other
relevant allergens;

The best administration regimen (preseasonal,
coseasonal, pre-/co-seasonal or continuous).
According to the literature, for pollen allergies,
the pre-/co-seasonal regimen seems to be
the best choice, also from an economical
viewpoint [62-64], but direct head-to-head
comparisons are nowadays scarce;

The standardization of extracts, which differ
greatly in allergen content from one manufac-
turer to another [65]. Presently, each SLIT man-
ufacturer standardizes their products according
to arbitrary in-house reference, although many

fsg
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extracts report the average content of the major
allergens in micrograms. A universal standard-
ization of the extracts would allow better
comparison of the various trials and products;

A universally accepted classification/grading
system for side effects does not exist and this
fact heavily limits the overall evaluation of the
safety of SLIT in real life.

In addition, there are methodological prob-
lems with the published studies, mainly con-
cerning description, sample size calculation and
reporting [66,67]. The variability of regimens,
doses, patients and outcomes, in fact, result in
an unacceptable degree of heterogeneity, which
strongly limits the conclusions provided by meta-
analyses. Finally, a standardized methodology to
conduct clinical trials is urgently needed [6,68.69).

Conclusion

Allergic rhinitis is a major public health con-
cern with significant healthcare costs, also
representing an independent risk factor for the
development of asthma. SLIT has been consis-
tently shown to be capable of reducing symp-
toms and medication use in allergic rhinitis
and possibly in coexistent asthma [70] for all
the relevant allergens. In addition, due to the
complex mechanism of action, SLIT profoundly
modifies the immune response, thus, its effects
last for many years [71]. Finally, SLIT, as well
as SCIT, can reduce the risk of asthma onset
in children with allergic rhinitis. According to
this evidence, SLIT is confirmed to be a viable
alternative to SCIT in the treatment of allergic

Background

rhinoconjunctivitis, with a very favorable safety
profile and the possibility of expanding the
indications to other diseases.

Future perspective

The very favorable safety profile of SLIT sug-
gested new possible applications of the treat-
ment, especially in conditions other than respi-
ratory allergy. At least three exploratory studies
used SLIT in food allergy, one with Pru p 3
(lipid transfer protein of peach), one with
hazelnut extract and one with peanut [72-74].
All these trials reported positive results in terms
of clinical efficacy and immunological effects.
In addition, there is abundant literature regard-
ing the efficacy of oral desensitization for cow
milk allergy in children [75]. Latex allergy seems
to be a promising field of application for SLIT
since several trials with positive results have been
published involving adults and children [76], with
only one completely negative study [77]. Due
to the partial discrepancy of the results, latex
allergy has not yet been accepted as an indica-
tion to SLIT, although standardized extracts
are commercially available and used. The use of
SLIT has also been proposed in the treatment of
extrinsic atopic dermatitis. A double-blind study
conducted in 30 children with mite allergy [78]
reported a significant effect of SLIT in reduc-
ing the SCORAD in mild-to-moderate atopic
eczema and a concomitant reduction in the
need for rescue medications. Another pilot study
showed that SLIT with honeybee venom reduces
the diameter of large local reactions upon sting
challenge [79].

Sublingual immunotherapy (SLIT) was first described in 1986.

The rationale of SLIT is to improve safety and make the treatment more convenient for patients.
Nowadays there are more than 60 randomized controlled trials with SLIT.

SLIT is accepted in international guidelines as a viable alternative to the injection route.

SLIT for allergic rhinoconjunctivitis

The available randomized controlled trials consistently show that SLIT is clinically effective in allergic rhinoconjunctivitis.

Several meta-analyses confirmed the findings of the individual trials, although the conclusions of those meta-analysis are limited by the

great heterogeneity.

Overall, SLIT is safer than the injection route, both in adults and small children. Only six cases of anaphylaxis and no fatalities have been

reported in over 25 years of clinical use.

Effects on the natural history of respiratory allergy

SLIT can modify the natural course of respiratory allergy by reducing the risk of developing asthma in children with rhinitis.
Similarly to the injection route, the beneficial effects of SLIT may last several years after its discontinuation.

Future perspective

Food allergy seems to be a promising field of application for SLIT.

SLIT for latex allergy is commercially available and is used as such, although more confirmatory data are needed.
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Other possible developments include the use
of mucoadhesive substances that could improve
the contact of allergenic extracts with the oral
mucosa, resulting in an enhanced immunologi-
cal effect, as shown in animal models [80]. The
use of adjuvants (either bacterial or DNA-based)
in association with SLIT seems to be a feasible
and promising approach, as previously demon-
strated with SCIT [81], whereas, due to regulatory
and marketing problems, the use of recombinant
allergens seems likely in the more distant future
(82]. Finally, since the oral mucosa (specifically
the dendritic cells) is responsible for the presen-
tation of the allergen to the immune system,

there is currently a promising research field
dedicated to the development of SLIT extracts
in terms of molecular structure to optimize the
interactions with APCs [83].
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