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ABSTRACT

Allergic rhinitis (AR) with or without conjunctivitis (AR/C) is associated with a significant health and
economic burden, and is often accompanied by asthma. Pharmacotherapies are the mainstay treatment
options for AR and asthma, but guidelines also recommend allergy immunotherapy (AIT). Unlike
pharmacotherapies, AIT has the ability to modify the underlying immunologic mechanisms of AR and
asthma with the potential for long-term benefits after treatment is discontinued. Immunotherapy may
also prevent progression of AR/C to asthma. Sublingual immunotherapy (SLIT)-tablets are a self-
administered alternative to subcutaneous immunotherapy that provide the benefits of AIT without
the cost and inconvenience of frequent office visits or the discomfort of injections. SLIT-tablets are also
an option that can be utilized by primary care clinicians. Pharmacotherapies are generally effective in
mild disease although a number of patients remain uncontrolled. SLIT-tablets have proven efficacy for
AR in adults, children, and poly-sensitized allergic patients. Indirect comparisons indicate that SLIT-
tablets have superior or comparable efficacy compared with traditional pharmacotherapies for seasonal
AR, and superior efficacy for perennial AR. House dust mite (HDM) SLIT-tablets have also demonstrated
clinically relevant benefits for asthma, with significant observed reductions in daily inhaled corticoster-
oid use, risk of asthma exacerbations, and asthma symptoms. SLIT-tablets are well tolerated, with
minimal risk of systemic allergic reactions. The most common treatment-related adverse events are
oral site reactions such as oral pruritus and throat irritation. Based on the favorable efficacy and safety
profile, as well as the convenience of at-home oral administration and disease-modifying effects, SLIT-
tablets should be considered as an alternative or add-on treatment to pharmacotherapy for AR/C, and
as an add-on treatment for HDM allergic asthma.
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and asthma comorbidity, along with the similar pathogenic
inflammatory mechanisms, has led to the ‘one airway’ theory
connecting the two conditions [6]. Thus, it has been proposed
that anti-inflammatory AR medications could also have an
impact on asthma. Some studies of intranasal corticosteroids
(INCS) for the treatment of AR have partially borne out this
theory, demonstrating a reduction in asthma symptoms and
bronchial hyperreactivity [7-9], whereas more recent studies
show no impact on asthma control [10,11].

Allergy immunotherapy (AIT) is a prescribed therapy that
has systemic effects and alters the underlying immunologic
mechanisms that cause AR and allergic asthma by inducing
tolerance to the relevant allergen [12]. AR guidelines recom-
mend AIT for patients with seasonal or house dust mite (HDM)
AR who do not want to be on constant or long-term pharma-
cotherapy, or in whom pharmacotherapy is insufficient or not
well tolerated [1]. Asthma guidelines recommend AIT for
patients for whom there is a clear relationship between
asthma symptoms and exposure to an allergen to which the
patient is sensitized, and in patients with exacerbations

1. Introduction

Allergic rhinitis (AR) with or without conjunctivitis affects =500
million people worldwide and carries a significant health and
economic burden [1]. The symptoms of AR decrease health-
related quality of life, with patients and caregivers often
reporting a negative impact on work and school productivity,
daily activities, and sleep [2,3]. Approximately 40-45% of
patients with AR report that the discomfort of AR symptoms
cannot be ignored or tolerated without relief [2].

Up to 40% of patients with AR also have asthma, and most
patients with asthma also have AR [1]. Flare-ups of AR can be
associated with asthma exacerbations, some of which may be
serious. Patients with asthma and AR are approximately two-
fold more likely to have an asthma-related hospitalization
compared to patients with asthma alone [4,5]. Both conditions
are characterized by inflammation of the airway, either the
upper airway in the case of AR, or the lower airway in the case
of asthma. The patterns of inflammation are similar, with
accumulations of mast cells, eosinophils, basophils, and T
cells in the respective airways [6]. The high incidence of AR
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despite taking Step 3 or Step 4 therapy [13,14]. Despite these
recommendations, AIT is underutilized, with only about 16—
22% of patients with AR having ever received AIT [15,16]. The
purpose of this review is to examine the evidence supporting
SLIT-tablets as an add-on or alternative treatment option to
pharmacotherapy for AR with or without conjunctivitis, and as
an add-on treatment for HDM allergic asthma.

2. Pharmacotherapy for AR and asthma

Treatment guidelines recommend antihistamines, INCS,
decongestants, and leukotriene receptor antagonists as phar-
macotherapy treatments for AR [1]. Treatment with pharma-
cotherapies is generally as needed, or daily, and many of the
pharmacotherapies for AR are available over the counter.
Approximately 50-75% of patients treat their AR with over-
the-counter antihistamines and decongestants [15,17]. In sur-
veys of such patients, 27% of adults and 40% of children
reported being ‘very satisfied’ with over-the-counter treat-
ments and 48% felt better over-the-counter medications
were needed to manage symptoms [2,17]. Meta-analyses of
AR pharmacotherapies have found that INCS are more effica-
cious than antihistamines and leukotriene receptor antago-
nists, and treatment guidelines recommend INCS as first-line
treatment for moderate-to-severe AR [1,18-21]. However,
there is a minority of patients whose AR remains uncontrolled
with INCS; two-thirds of surveyed patients indicated that INCS
relieves most of their AR symptoms, and only one-third of
patients reported being very satisfied with INCS treatment [2].

The main recommended pharmacotherapy treatments for
asthma are beta,-agonists (short- and long acting), inhaled
corticosteroids  (ICSs), and combined ICS/betay-agonists
[13,14]. Most asthma pharmacotherapy treatments are used
as needed or daily [13]. The large, international, multicenter
Gaining Optimal Asthma Control trial found that the majority
of patients with asthma were able to achieve disease control,
although 20-40% of patients remained uncontrolled despite
guideline-recommended pharmacotherapy [22].

Pharmacotherapies for AR and asthma treat symptoms and
inflammation with a relatively quick onset of action.
Antihistamines and decongestants can relieve symptoms
within minutes and INCS have an onset of action of approxi-
mately 12 h and maximum effect within weeks [1,23]. Asthma
pharmacotherapies can provide immediate symptom relief in
the case of beta,-agonists, whereas the effects of ICS are
gradual over the course of weeks [13,24]. However, none of
the pharmacotherapies have disease-modifying effects.

3. Allergy immunotherapy (AIT)

AIT is delivered either subcutaneously (SCIT) or sublingually
(SLIT). SCIT is generally administered weekly, biweekly, or
monthly under medical supervision in a physician’s office,
whereas SLIT is generally administered daily at home via
drop or tablet formulations. For SLIT-tablets, the home admin-
istration is after the first dose has been administered under
medical supervision of a physician with experience in the
diagnosis and treatment of allergic diseases. In North
America, SLIT drops are an off-label use of extracts intended

for SCIT [25]. Such off-label use is problematic as there is little
evidence to support the efficacy of such practice and the
effective dose has not been established. Of the handful of
clinical trials with SLIT drops that have been conducted in
North America [26-32], only 2 trials demonstrated a significant
improvement in AR symptoms [28,32]. To date, there are no
US Food and Drug Administration (FDA)-approved SLIT drop
products. In contrast, SLIT-tablets are well-characterized, stan-
dardized products. Many clinical trials conducted in countries
worldwide have demonstrated the efficacy of SLIT-tablets for
AR and asthma [33-48]. Two SLIT-tablets are currently
approved in Europe, the USA, and Canada for grass AR.
These tablets are the timothy grass SLIT-tablet (GRASTEK®/
GRAZAX®, Merck & Co. Inc, Kenilworth, NJ, USA/ALK,
Hersholm, Denmark) for patients aged 5+ years, and the 5-
grass (sweet vernal, orchard, perennial rye, timothy, and
Kentucky blue grass) SLIT-tablet (ORALAIR®, Stallergenes S.A.,
Antony, France/Greer Laboratories, Inc., Lenoir, NC, USA) for
patients aged 5+ years in Europe and 10+ years in the USA
[49,50]. One SLIT-tablet is approved in the USA and Canada for
ragweed AR (RAGWITEK®, Merck & Co., Inc., Kenilworth, NJ,
USA /ALK) for patients aged 18+ years. SLIT-tablets for HDM
(ODACTRA®/ACARIZAX®/MITICURE®, Merck & Co., Inc,
Kenilworth, NJ, USA/ALK/Torii Pharmaceutical Co. Ltd.,
Tokyo, Japan) are approved in the USA, Europe, Australia,
and Japan for treatment of AR, and also for allergic asthma
in Europe and Australia.

Most physicians in North America are less familiar with SLIT
and more familiar with SCIT, the traditional ‘allergy shots.’
There is little data available regarding the efficacy of SLIT vs.
SCIT. Five small (N < 71 patients) head-to-head, double-blind,
placebo-controlled trials have directly compared the efficacy
of SLIT with SCIT; 4 trials were for seasonal AR and one was for
HDM [51-55]. In two of the five trials, AR symptoms were
significantly improved and AR rescue medication use was
significantly decreased vs. placebo after 1 year of treatment
with both SCIT and SLIT [52,53]. In two of the trials, AR
symptoms after 1 year of treatment or after nasal allergen
challenge were significantly reduced vs. control by SCIT, but
not SLIT [51,55]. In the fifth trial, 1 year of SCIT and SLIT both
improved AR symptoms, but no statistical analysis or rescue
medication use was reported [54]. In the four trials that con-
ducted statistical analyses, no significant differences in symp-
tom scores were found between SCIT and SLIT. Efficacy of SLIT
vs. SCIT has also been indirectly compared in several meta-
analyses of double-blind, placebo-controlled trials. A meta-
analysis conducted in 2012 found that improvements in
grass AR symptoms based on the standardized mean differ-
ence (SMD) were SCIT>SLIT-tablets>SLIT-drops [56], and a
meta-analysis published in 2013 found a trend toward greater
improvement in AR symptoms and rescue medication use with
SCIT over SLIT [57]. The most recent meta-analysis, which
includes the recent large SLIT-tablet trials, was published in
2015 and focused on commercially available SCIT, SLIT-tablets,
and SLIT-drops for grass AR [58]. Improvements in AR symp-
toms vs. placebo based on SMD were grass SLIT-
tablet = SCIT>SLIT-drops, with no significant differences
between treatments (Figure 1). There are no definitive head-
to-head trials comparing the efficacy of SLIT vs. SCIT.



POSTGRADUATE MEDICINE

Grass SCIT

| Grass SLIT-drops

[
05

Favors
freatment

I
0

No difference between
placebo and treatment

|
.5

Favors
placebo

Figure 1. Comparative efficacy of allergic rhinitis symptom scores based on standardized mean differences from placebo (£95% Cl) among grass SCIT, SLIT-drops,
and SLIT-tablets. SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy. Adapted with permission from Nelson et al [58]; reproduced with

permission as modified by Dahl et al. [59].

In general, SLIT is considered to be safer than SCIT because
SCIT has been associated with fatal systemic allergic reactions
[60-62], whereas no fatal reactions have been reported with
SLIT [63]. The majority of adverse events with SCIT are injec-
tion site reactions, and the majority of adverse events with
SLIT are local oral-pharyngeal reactions (e.g. oral pruritus,
throat irritation). Both therapies carry the risk of systemic
allergic reactions and anaphylaxis. Cases of anaphylaxis are
estimated to be 1 per 33,300 injections of SCIT, and 1 per
100 million administrations of SLIT [63].

A disadvantage of AIT (both SCIT and SLIT) compared with
pharmacotherapy is the long-term commitment needed to
complete a full course of treatment (3+ years) [64]. However,
this disadvantage needs to be balanced with the sustained
symptom relief and decreased dependence on pharmacother-
apy. Another disadvantage is the relatively slow onset of
action (4-8 weeks) [65-67]. Cost to patients due to inadequate
or no AIT insurance coverage may be a deterrent to initiating
AIT, or result in discontinuing treatment early [68].
Furthermore, in the USA patients receiving SLIT-tablets are
required to be prescribed an epinephrine autoinjector, which
can cost up to $500. Epinephrine autoinjectors are not co-
prescribed outside of the USA as the risk of serious anaphy-
laxis after the first tablet administration is considered very low.
A compilation of the SLIT-tablets (timothy grass, ragweed, and
HDM) revealed an epinephrine administration rate of 1.80
administrations per 100,000 SLIT-tablets [69]. However, numer-
ous studies have demonstrated that over the course of several
years AIT is more cost-effective than pharmacotherapy
(reviewed in [70]). Some of the drivers of the cost-savings
with AIT appear to be decreased AR pharmacotherapy use,
decreased asthma medication use, and decreased asthma-
related healthcare.

4, Efficacy of pharmacotherapy vs. SLIT-tablet for
AR

The need for alternatives to pharmacotherapy for AR is under-
scored by results of a survey of healthcare practitioners, in
which the primary reason for prescribing AIT was identified as
‘other therapies don’t work.” [71] However, there is no direct

comparison of the efficacy of pharmacotherapy vs. SLIT for AR
as no head-to-head trials have been conducted. Indirect com-
parisons between pharmacotherapies and SLIT are hindered
by substantial differences in trial designs. Most notably, in SLIT
trials (and other formulations of AIT), AR rescue medication
use is allowed in all treatment groups, including placebo.
Thus, the improvements in symptoms/rescue medication use
in SLIT trials are not compared with a true placebo, but to a
placebo plus background rescue medication (antihistamines,
nasal steroids). Therefore, an observed treatment effect size of
approximately 20% with SLIT is actually more impressive,
considering meta-analyses of pharmacotherapy trials have
reported an estimated treatment effect vs. placebo of 5% for
leukotriene antagonists, 7-9% for antihistamines, and 17-26%
for INCS [20,72]. Regulatory guidelines published in 2000 and
later recommend the primary end point for AIT reflect both
symptom severity and rescue medication use, as opposed to
pharmacotherapy trials where the impact on symptoms alone
is primarily the measure of efficacy. Another major trial design
difference is trial duration, which is approximately 2 peak-
season weeks with pharmacotherapy vs. several weeks or
months with SLIT. In addition, pharmacotherapy trials gener-
ally use a subject population with a minimum symptom
threshold at baseline prior to randomization and initiation of
study treatments, which enriches for highly symptomatic
patients. In contrast, seasonal SLIT trials begin several weeks
before the onset of seasonal symptoms and patients are qua-
lified for inclusion based on clinical history, skin prick testing,
and serum-specific IgE levels. Despite these caveats, attempts
have been made to indirectly compare the effect of pharma-
cotherapy vs. SLIT-tablets for AR using meta-analyses. Devillier
et al. [18] compared treatments for grass AR and found the
symptom effect size vs. placebo was 23.6% with grass SLIT-
tablets, 23.5% with INCS, 15.0% with oral antihistamines, and
6.5% with a leukotriene receptor antagonist. Durham et al. [21]
compared treatments for seasonal and perennial AR and
found the nasal symptom effect size vs. placebo for seasonal
AR was 22.2% with an INCS, 17.1% with a ragweed SLIT-tablet,
16.3% with a timothy grass SLIT-tablet, 8.5% with an oral
antihistamine, and 5.4% with a leukotriene receptor antago-
nist (Table 1). For perennial AR, the nasal symptom effect size
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Table 1. Symptom treatment effect size for SLIT-tablets and pharmacotherapies
for SAR and PAR.

Total Difference in mean: Relative
number active treatment difference
Number of from placebo (95% from
Treatment of trials  subjects (@) placebo, %°
Timothy grass 6 3094  —0.46 (—0.60, —0.32) -16.3°
SLIT-tablet
Ragweed SLIT- 2 658 —0.57 (-0.87, —0.26) -17.1¢
tablet
HDM 2 1768 057 (-0.83, -0.31)  —16.1¢
SLIT-tablet
Leukotriene
receptor
antagonist
SAR 5 3584 —0.40 (—0.54, —0.26) 54
PAR 2 3215 —-0.25 (-0.39, —0.12) -3.7
Oral
antihistamine
SAR 6 1916 —0.59 (-0.79, —0.40) -85
PAR 3 2539 —0.31 (-0.49, —-0.13) -4.8
Intranasal
corticosteroid
SAR 4 958 —1.44 (-1.74, —1.15) -22.2
PAR 4 1182  -0.58 (-0.77, —0.39) -11.2

Data from Durham et al. [21]; compiled with permission.

HDM: house dust mite; PAR: perennial allergic rhinitis; SAR: seasonal allergic
rhinitis; SLIT: sublingual immunotherapy.

?Calculated as ([active treatment—placebo]/placebo) x 100%.

PRelative % improvement in rhinoconjunctivitis daily rescue medication score
ranged from 27% to 38% in the trials.

“Relative % improvement in rhinoconjunctivitis daily rescue medication score
was 38% and 46% in the two trials.

dRelative % improvement in rhinitis daily rescue medication score in the 2 trials
was 18% and 21%.

vs. placebo was 16.1% with a HDM SLIT-tablet, 11.2% with an
INCS, 4.8% with an oral antihistamine, and 3.7% with a leuko-
triene receptor antagonist (Table 1). Together these data indi-
cate that SLIT-tablets are comparable to INCS and more
effective than antihistamines and leukotriene receptor antago-
nists in reducing seasonal AR symptoms. SLIT-tablets also
appear to be more effective than pharmacotherapies for per-
ennial AR. SLIT-tablets have the additional benefit of long-
term and disease-modifying potential [73,74].

No head-to-head trials have been conducted to examine
the efficacy of pharmacotherapy vs. SLIT-tablets for treatment
of asthma. Two AR trials demonstrated a significant improve-
ment in asthma symptoms as secondary/exploratory end-
points with grass SLIT-tablet treatment versus placebo
[35,45]. In addition, several clinically relevant benefits for
asthma have been demonstrated with HDM SLIT-tablets. In a
trial of subjects with mild-to-moderate asthma controlled by
ICS, 1 year of treatment with HDM SLIT-tablet resulted in an 81
mcg/day greater ICS reduction compared with placebo [44].
ICS use was reduced even more in the subgroup of patients
with partially controlled asthma, with a 327 mcg/day greater
ICS reduction compared with placebo [75]. A trial of up to
18 months of HDM SLIT-tablet treatment in asthmatic subjects
not well controlled by ICS demonstrated a 34% reduction in
the risk of moderate or severe asthma exacerbation vs. pla-
cebo (full analysis set; hazard ratio = 0.66 [95% Cl, 0.47-0.93];
P = 0.02) [47]. Furthermore, in a trial of HDM SLIT-tablet in
subjects with AR with or without asthma, up to 1 year of
treatment improved asthma symptom scores by 19% vs.

placebo in the overall trial population, and by 25% in the
subjects with a history of asthma [76]. Thus, HDM SLIT-tablet
beneficially affects ICS use, asthma exacerbations, and asthma
symptoms.

The effects on symptoms and inflammation for AR and
asthma with pharmacotherapy are temporary, whereas AIT
modifies the immune system, resulting in disease modification
and a long-term effect [77]. Two long-term trials with SLIT-
tablets have been conducted. A 5-year study with daily
timothy grass SLIT-tablet demonstrated a significant beneficial
effect on AR symptom scores up to 2 years after ending a 3-
year treatment period [74]. This study led to an indication of
timothy grass SLIT-tablet as a disease-modifying treatment in
Europe, and recognition by the FDA as having a sustained
effect [59]. A 5-year study with a 5-grass SLIT-tablet adminis-
tered pre-and co-seasonally demonstrated a significant com-
bined symptom/medication score compared with placebo up
to 2 years after a 3-year treatment period [73], but based on
EU and FDA criteria, the tablet did not receive an indication as
disease modifying or recognition as having a sustained effect
[59]. It is still uncertain if intermittent SLIT will lead to pre-
ventive or long-lasting effects.

5. Safety of pharmacotherapy for AR and asthma vs.
SLIT-tablet

5.1. Safety of pharmacotherapy for AR

Pharmacotherapies for AR are generally well tolerated with
few side effects (Table 2). The first-generation antihistamines
have well-known sedating effects which have been attenuated
in second- and third-generation antihistamines [78]. Oral, and
to a lesser extent intranasal, decongestants can have stimula-
tory effects such as insomnia, nervousness, restlessness, tre-

Table 2. Common side effects for rhinitis and  asthma

pharmacotherapies.

allergic

Pharmacotherapy Common side effects

Allergic rhinitis

Oral H; antihistamines (second
and third generation) [78]

Intranasal H; antihistamines
[78]

Intranasal corticosteroids [2,81]

Mild sedation, headache
Bitter taste, nasal discomfort

Draining into esophagus, epistaxis, throat
irritation, nasal dryness, nasal burning

Very well tolerated, no side effects with
frequency greater than placebo

Insomnia, restlessness, nervousness,
palpitations, hypertension, agitation,
tremor, headache, dry mucous
membranes, urinary retention,
exacerbation of glaucoma or
thyrotoxicosis

Same as oral formulations but to a lesser
extent

Leukotriene receptor
antagonists [80,82]
Oral decongestants [1,79]

Intranasal decongestants [1,79]

Asthma

Beta-agonists [82] Headache, throat irritation, stimulatory
effects including nervousness,
tachycardia, and tremor

Oral candidiasis, rhinitis, cough, sore throat,
hoarseness, headache, upper respiratory
tract infection

See in allergic rhinitis section above

Inhaled corticosteroids [82]

Leukotriene receptor
antagonists




mor, etc. [1,79]. Cardiac-related events including hypertension
and palpitations can also occur [1,79]. Intranasal deconge-
stants should be used for less than 10 days to avoid rebound
congestion [1]. The leukotriene receptor antagonists appear to
be very well tolerated, with no adverse events occurring at
frequencies greater than that of placebo [13,80]. Of the AR
pharmacotherapies, the INCS have the most notable side
effects. In a large survey of patients with AR, 17% of adults
and 10% of children/adolescents discontinued use of INCS
because of side effects; these side effects were retrograde
drainage into the esophagus, followed by bad taste, drying
feeling, spray volume uncomfortable, drowsiness, burning,
headache, and nose bleeds [2]. Nose bleeds are a concern
with INCS use among prescribers, but the incidence is low
(3-7%) and most episodes are transient and mild [81].
Systemic effects with INCS are also possible, and there is an
FDA-mandated class warning on all INCS products regarding
possible effects on growth velocity and the hypothalamic-
pituitary-adrenal (HPA) axis function in children [79].
However, the majority of studies in children have found very
little, if any, effects on HPA axis function or growth [79].

5.2. Safety of pharmacotherapy for asthma

Specific common side effects of beta-agonists are headache
and throat irritation, as well as stimulatory effects including
nervousness, tachycardia, and tremor [13,83]. Long-acting
beta-agonists (LABAs) as monotherapy may increase the risk
of asthma-related death [84], but this increased risk remains to
be definitively confirmed. As a precaution, the FDA requires a
class warning that LABA therapy without use of a controller
medication is contraindicated in asthma, that LABAs should
not be used in patients whose asthma is adequately controlled
on low- or medium-dose ICS, that, if possible, LABAs should be
discontinued once asthma control is achieved and maintained,
and that children requiring the addition of a LABA to an ICS
should use a combination product to ensure adherence to
both medications [82].

The most common side effects with ICS are application site
related, including oral candidiasis, rhinitis, cough, sore throat,
and hoarseness [13,82]. The same class warning regarding
effects on the HPA axis and growth velocity that apply to
INCS apply to ICS; several studies with ICS have shown a
small, but significant reduction in growth velocity vs. placebo
(reviewed in Loke et al. [85]). Furthermore, ICS use is asso-
ciated with an increased risk of cataract development [82].

5.3. Safety of SLIT-tablets

The most common side effects for timothy grass SLIT-tablets
are mild-to-moderate oral site reactions (i.e. oral pruritus,
throat irritation, ear pruritus, mucosa swelling; Table 3) [86].
The oral site reactions generally have an onset with the first
dose of the SLIT-tablet and recur for less than 14 days [87]. The
duration of the reactions is approximately 30-60 min [87].
Similar safety profiles to that of timothy grass SLIT-tablets
have been reported for 5-grass, ragweed, and HDM SLIT-
tablets [33,36,76,88]. Oral site reactions typically do not
require any treatment and are more of a tolerability issue
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Table 3. Common side effects for timothy grass SLIT-tablets. Treatment-related
AEs in >3% of adult subjects.

Adults Children
Timothy grass Timothy grass

Treatment-related SLIT-tablet Placebo SLIT-tablet Placebo
AEs, % of Patients N = 1669 N = 1645 N = 447 N =434
Oral pruritus 26.7 35 24.4 2.1
Throat irritation 226 2.8 21.3 25
Ear pruritus 12.5 1.1 7.2 0.5
Mouth edema 1.1 0.8 9.8 0.2
Oral paresthesia 9.8 2.0 5.4 1.2
Tongue pruritus 5.7 0.5 9.2 0.9
Lip swelling 4.0 0.2 7.2 0.5
Pharyngeal edema 34 0.1 29 0
Eye pruritus 3.0 1.8 34 2.1

Data from the Grastek company briefing, 2014 [91].
AE: adverse event; SLIT: sublingual immunotherapy.

than a serious safety concern. However, systemic allergic reac-
tions are possible with SLIT-tablets. To date, none of the
reported systemic allergic reactions in the clinical trials asso-
ciated with SLIT-tablets have been life threatening or serious.
Across the clinical development program of timothy grass,
ragweed, and SQ HDM SLIT-tablets, representing 8152
patients treated with approved doses, there have been 11
(0.1%) reported systemic allergic reactions (Table 4).
Epinephrine was administered for SLIT-tablet-related events
at a rate of 1.80 administrations per 100,000 SLIT-tablets [69].
Analysis of the post-marketing safety database (N = 112,330)
for the 5-grass SLIT-tablet found 12 events considered possibly
consistent with anaphylaxis for an event rate of 0.011%; epi-
nephrine was administered for 2 of these events [89].
Prescribing information in the USA recommends that SLIT-
tablets should not be prescribed to patients with a history of
severe systemic allergic reaction or any severe local reaction to
SLIT, although such history is not a contradiction in Europe
[49,50,90].

6. Prescribing of SLIT-tablets

Tolerance induced by AIT takes several weeks to develop. The
US prescribing information for the timothy grass and ragweed
SLIT-tablets recommend treatment initiation at least 12 weeks
before the start of the respective pollen season, whereas
initiation of the 5-grass SLIT-tablet is recommended to be
4 months before the start of grass pollen season [49,50,90].
Thus, patients need to be evaluated for potential SLIT-tablet
treatment months before regional pollen seasons (See supple-
mental Figure 1), which may be challenging as patients often
do not seek treatment until symptoms appear. In contrast,
HDM SLIT-tablets are initiated at any time of year and patients
can expect to begin to have relief of HDM allergy symptoms
within 2-3 months of starting [93]. Healthcare providers may
be reluctant to start AIT during the pollen season due to
concerns about an increased risk of severe or serious systemic
allergic reactions. However, a recent systematic review has
demonstrated that there does not appear to be an increase
in adverse events of concern when AIT is initiated during the
pollen season [94]. If pollen SLIT-tablets are initiated during
pollen season, patients should be advised that improvement
in symptoms and medication use may not be readily apparent
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Table 4. Systemic allergic reactions associated with timothy grass, ragweed, or
HDM SLIT-tablets.

Day
Symptoms/signs of of
reaction Intensity onset

Timothy grass SLIT-tablets [91]
Swelling of lips, Moderate 1
oral itch, and

dysphagia
Chest discomfort,
dysphagia,
dysphonia, oral
pharyngeal itch,
swelling and
irritation, rash
Oral itch, sneezing,
rhinorrhea, and
throat irritation
Lip swelling,
dysphagia, and
intermittent
cough
Light-headedness,
headache,
sleepiness, ear
itch
Light headedness,
oral itch
Burning sensation
under tongue
and ear,
rhinorrhea,
throat irritation
Chest tightness,
dyspnea
Lower lip edema,
redness on
corners of mouth
and chin,
epigastric
discomfort,
dizziness
Ragweed SLIT-tablets [92]
Oral symptoms, Severe 6
throat swelling,
dyspnea, nausea,
light headedness
HDM SLIT-tablets [76]
Itchy palms, facial  Moderate 1
flushing,
dyspnea, pre-
syncope, throat
swelling

Discontinued

Treatment trial

Epinephrine, Yes
cetirizine

Mild 1 Epinephrine, Yes
loratadine,
prednisone

Mild 1 Epinephrine, No

loratadine

Moderate 1 Epinephrine Yes

Mild 1 None No

Mild 1 None No

Mild 2 None No

Moderate 42 None Yes

Moderate 2 None Yes

Epinephrine, Yes
diphenhydramine,
prednisone,
ranitidine

Epinephrine, Yes
desloratadine,
pseudoephedrine

HDM: house dust mite; SLIT: sublingual immunotherapy.

during the initiating season. Being able to initiate year-round
regardless of seasonal exposure is particularly relevant when
treating HDM allergies. Subgroup analyses of completed clin-
ical trials have not shown a safety signal due to other allergies
when treating or initiating with HDM SLIT-tablets throughout
the year [95].

Many patients are sensitized to multiple allergens,
which could warrant SLIT-tablet treatment for more than
one allergen if relevant symptoms are present. An open-
label safety trial found that simultaneous treatment with
timothy grass and ragweed SLIT-tablets was well tolerated
following a sequential single SLIT-tablet approach (i.e. one
SLIT-tablet for 2 weeks, followed by one SLIT-tablet in the
morning and the other SLIT-tablet in the evening for

2 weeks, culminating in simultaneous treatment of the
SLIT-tablets) [42].

Because of the risk of severe or serious local or systemic
allergic reactions, the first dose of SLIT-tablet should be admi-
nistered under the supervision of a physician experienced in
the diagnosis and treatment of allergic diseases, followed by
at least a 30 min observation period [49,50,90]. Patients should
be educated on how to recognize a systemic allergic reaction
and told to seek immediate medical care if they experience a
severe allergic reaction. In the USA, a prescription for an
epinephrine auto-injector needs to accompany the prescrip-
tion for SLIT-tablets and patients should be educated on its
appropriate use.

7. Profile of a SLIT-tablet patient

Although traditionally AIT is reserved for patients with severe
allergies, according to guidelines AIT should be considered for
patients who are positive for specific IgE against clinically rele-
vant allergens and who have corresponding allergic rhinocon-
junctivitis symptoms [64]. Another factor that should be taken
into consideration for initiating AIT is the need to improve
health-related quality of life (i.e. sleep quality, work/school pro-
ductivity) associated with AR symptoms. Also, patients who do
not respond well to pharmacotherapy or who have troublesome
side effects with pharmacotherapy may be good AIT candidates.
SLIT-tablets may be particularly beneficial for children. Not only
are SLIT-tablets efficacious in the pediatric population [34,35,48],
but the ability of AIT to potentially reduce the risk of developing
asthma and/or other allergen sensitizations is appealing [96-98].
SLIT-tablets provide the benefits of AIT without the inconveni-
ence of time-consuming frequent office visits for children and
caregivers and without the fear and discomfort of injections,
both of which may deter children and their caregivers from
traditional SCIT.

In the USA, AIT practice with SCIT generally consists of
multiple allergens to which the patient is sensitized [99].
Thus, there was some concern that SLIT-tablets for a single
allergen would not be effective in patients who were multi-
sensitized. In a pooled analysis of timothy grass SLIT-tablets,
the improvement in grass combined symptom/medication
score was 28% in monosensitized subjects and 26% in multi-
sensitized subjects [100]. Therefore, it appears the concerns
regarding lack of efficacy in multisensitized patients was
unwarranted.

As with any long-term treatment, adherence and persis-
tence is key to AIT efficacy. The ability of a patient to be
compliant to daily SLIT-tablet treatment should be determined
before prescribing. Furthermore, the presence and severity of
asthma needs to be evaluated before prescribing grass or
ragweed SLIT-tablets. If asthma is present, it should be stable
and well controlled. In the USA, the safety of HDM, grass, or
ragweed SLIT-tablets has not been established in patients with
severe, unstable, uncontrolled asthma, and the presence of
such a condition is a contraindication. HDM SLIT-tablets in
Europe are indicated for patients with HDM allergic asthma
that is not well controlled with ICS, that is associated with



mild-to-severe HDM AR, and where the patients’ asthma status
has been carefully evaluated.

8. Conclusions

SLIT-tablets have favorable efficacy when compared to
pharmacotherapies for AR, and HDM SLIT-tablets can pro-
vide clinically relevant benefits for asthma patients. The
safety profile of SLIT-tablets is favorable; the at-home oral
administration provides a safe and convenient alternative
to traditional SCIT. As such, SLIT-tablets should be consid-
ered as an alternative or add-on treatment to pharma-
cotherapy for AR with or without conjunctivitis, and as an
add-on treatment for HDM allergic asthma.
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