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Abstract

The objective of the systematic review is to provide complete
and updated information on efficacy and safety of sublingual
immunotherapy (SLIT) formulations for the treatment of
allergic respiratory diseases (ARDs). The literature search was
conducted on PubMed database, involving double-blind,
randomized clinical trials published between January 1992

and 2018, written in English, and performed in humans. The
number of articles finally selected for review was 112. Data from
the majority of properly controlled clinical trials demonstrate
that SLIT is effective not only with short-term use (first year) but
also with long-term use (up to the third year of active therapy),
for treating ARDs in children and adults. Both continuous and
discontinuous schemes of administration showed significant
reductions in symptom and medication scores. Moreover, a SLIT-
induced disease-modifying effect has been documented mainly
with grass pollen extracts, since improvement is maintained
during at least 2 years of follow-up after a 3-year treatment
period. Additionally, allergen immunotherapy should also be
considered a preventive strategy, especially for decreasing
bronchial asthma incidence in children and adolescents with
allergic rhinitis treated with SLIT. This therapy is also safe,

Introduction

The prevalence of allergic respiratory diseases (ARDs) has
increased worldwide, becoming an important public health
problem."2 ARDs are triggered by exposure to allergens and
comprise allergic rhinitis (AR), with or without conjunctivitis,
and bronchial asthma.3# AR affects approximately 1in 5
individuals of the general population, whereas asthma

affects between 1 and 18%.>® Asthma is triggered by allergic
reactions (to house-dust mites [HDMs] or pollens, for instance)
in half of cases, affecting up to 40% of subjects with allergic
rhinoconjunctivitis (ARC).” Children with ARC have a three-fold
increased risk of developing asthma.® The ARDs have been
associated with impaired quality of life and a high economic
burden.? Allergen-specific immunotherapy is the only disease-

Blanco C, Bazire R, Argiz L, Herndndez-Pefa J. Drugs in Context 2018; 7: 212552. DOI: 10.7573/dic.212552

ISSN: 1740-4398

producing only a few mainly local and mild-to-moderate
adverse events, and usually self-limited in time. The registration
and authorization of allergen SLIT preparations (grasses and
house-dust mite tablets) as drugs by regulatory agencies,
such as the United States Food and Drug Administration (FDA)
and the European Medicines Agency (EMA), has represented
alandmark in allergy immunotherapy research. Further
long-term studies, specially designed with allergens other
than grass pollen or house-dust mites, not only in allergic
rhinoconjunctivitis but also on asthmatic subjects, as well as
studies comparing different administration schedules and/or
routes, are required in order to continue the progress in the
modern development of this particularly promising therapy.

Keywords: allergen, allergic respiratory diseases, asthma,
rhinoconjunctivitis, sublingual immunotherapy, systematic
review.
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modifying therapy preventing the evolution of AR to asthma,
and its efficacy has long been known since observations by
Leonard Noon in 1911191 Allergen immunotherapy for AR

is currently considered when showing strongly suggestive
symptoms of AR which interfere with daily activities or sleep
(despite pharmacotherapy and/or avoidance strategies), and
having evidence of IgE sensitization to =1 clinically relevant
allergen.”” For preventing asthma and AR symptoms and to
spare medication use on a long-term basis, the European
Academy of Allergy and Clinical Immunology (EAACI)
recommends a minimum of 3 years of treatment with allergen
immunotherapy in children or adolescents with moderate-to-
severe grass or birch pollen-triggered AR."3 SLIT efficacy has
been evidenced from results of controlled clinical trials and
meta-analyses.'* Data for determining which administration
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route (subcutaneous immunotherapy [SCIT] or sublingual
immunotherapy [SLIT]) is most effective are currently
insufficient. Indeed, EAACI recommends both SCIT and SLIT for
seasonal and perennial ARC.'> A landmark in the development
of SLIT occurred in 2014 with the registration and authorization
of grass pollen extract tablets as drugs by the United States
Food and Drug Administration (FDA).">'° Since then, and thanks
to a huge research effort reflected by a number of controlled
clinical trials involving large cohorts of subjects, the FDA
together with the European Medicine Agency (EMA) and Japan
regulatory authorities have also approved HDM formulations
as drugs for the SLIT treatment of ARDs."”'8 The objective of
the present manuscript was to provide complete and updated
information on the efficacy and safety of SLIT formulations for
the treatment of ARDs.

Methods

This systematic review was performed by using PubMed
database. Keywords were chosen following the PICO
methodology: population (pediatric or adult patients
experiencing AR, rhinoconjunctivitis [RC], and/or asthma,

by pollen, mites, pets, and/or molds); intervention (SLIT);
comparator (placebo); and outcome (efficacy and safety)."”
We used the following keywords in the search: (‘rhinitis’ or
‘allergic’ or ‘asthma’) and (‘Sublingual immunotherapy’) and
(‘placebo’) and (‘pollen’ or ‘fungi’ or ‘mold’ or ‘dust’ or ‘mite’ or
‘pet’). We searched for studies published between January 1992
and 2018, written in English, and conducted in humans. The
search was performed on June 21, 2018. Study selection was
independently performed by two investigators (JH and CB).

drugsincontext.com

Duplicate articles were initially removed. Meta-analyses (n=7),
systematic reviews (n=15), reviews (n=30), expert opinions
(n=1), position papers (n=1), short communications (n=1),
letters to editor (n=1), and protocols (n=1), together with
articles written in a non-English language (n=1), were then
excluded. This first selection was performed reading only the
title and abstract of each study. Nonclinical studies, studies
with limitations in their methodology, no SLIT, or those with no
interest for both investigators were subsequently discarded.
Methodological quality of studies was evaluated by using

the Jadad scale.?° Differences between investigators were
solved by consensus. Only double-blind, randomized studies
were finally selected for review. Manuscripts not available
online were requested from the authors. From each study,

we extracted information regarding age, number of patients,
diagnosis, allergen used, type of administration, study duration,
and results from efficacy (symptom and medication scores,
improvement in symptoms) and safety (severe or serious
adverse events [SAEs], and development of anaphylactic
reactions [Ax] related to SLIT treatment). The present study was
approved by the Ethics Committee of La Princesa University
Hospital, and its design was established in accordance with
Equator network guidelines: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).

Results

A total of 235 articles dealing with allergen SLIT therapy were
initially identified. After the selection process, the number

of articles finally selected for review was 112 (Figure 1).2'-132
Briefly, most studies involved only adult or both pediatric and

Figure 1. PRISMA flow diagram.

235 references identified through
data searching (21/06/2018)

l

‘ 227 references after removing duplicates

l

‘ 227 screened by abstract and title

Reasons for exclusion

Meta-analyses: 7
Systematic reviews: 15
Reviews: 30
Expert opinions: 1
Position paper: 1
Letters to editor: 1
Short communication: 1

!

‘ 169 full-text assessed for eligibility

\ 4

Protocol: 1
Dutch Language: 1

Reasons for exclusion
Nonclinical studies: 13

!

‘ 112 references selected for review

A4

Poor methodology: 8
With no interest: 26
No sublingual: 1
No double-blind, randomized: 9
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adult patients with RC with or without concomitant bronchial
asthma (Table 1), although 15 were specifically performed in
children and 2 in the elderly (Table 2). Most studies evaluated
both efficacy, by symptom and medication scores, and safety;
however, 12 of them were addressed to evaluate only SLIT
safety profile (Table 3). Grass pollen was the most studied
allergen for SLIT (including 5-grass pollen, MK-7243 grass
pollen, 3-grass pollen, timothy grass pollen, and 6-grass pollen),
followed by ragweed, birch, Japanese cedar, HDMs, Parietaria
judaica, Juniperus ashei, Cupressus arizonica, and Alternaria spp.
SLIT administration schedule was diverse, varying from
pre-/coseasonal to coseasonal, pre-seasonal, continuous, or
outside season.

Efficacy results

The list of references involving either adult or both pediatric
and adult patients is shown in Table 1. With the exception of
four studies,5387105116 || of them demonstrated a significant
reduction in symptoms and medication scores after SLIT
administration.

SLIT with grass pollen: SLIT for the treatment of grass pollen-
induced AR has demonstrated its efficacy at different admin-
istration schedules (continuous and discontinuous). Data from
more than 3000 patients revealed that SLIT in a pre-/coseasonal
scheme reduces symptom and medication scores up to 30 and
29%, respectively, during the first 12 months of treatment, or
to 36 and 45% after 3 years.#1:60:6566:103 The registration and
authorization of grass pollen extract tablets was mainly based
on results of these studies. Efficacy of SLIT has been evidenced
since the first month of treatment.®'

SLIT with HDMs: SLIT has proven its efficacy for HDM-induced
AR during 6, 12, and 18 months of continuous treatment. Data
from more than 5000 patients demonstrated a significant
reduction in symptoms score between 16 and 42% after 12
months of treatment, 2233637395253 which led to the registra-
tion and authorization of HDMs extracts as drugs.

Long-term and disease-modifying effect of SLIT: Both SLIT
with grass pollen and HDMs have also demonstrated long-
term effects for the treatment of AR. Studies involving 3 years
of treatment with grass pollen extracts have shown significant
improvements in symptoms scores at season 1, 2, and 3 (with
values ranging between 25 and 35%).5%63 Furthermore, SLIT
with grass pollen and HDMs showed a disease-modifying effect
after a period of treatment. The reduction in symptoms scores
ranged between 25 and 36% with grass pollen (for 2 years after
a 3-year treatment period),4%%%> and between 18 and 20% with
HDMs (for 1 year after a 1-year treatment).>?

SLIT and asthma: SLIT efficacy with HDMs has been shown
in mild-to-moderate and moderate persistent asthma by a
clinically and statistically significant reduction in inhaled corti-

costeroid (ICS) dose required to asthma control and a greater
rate of well- and total-control of asthma,*'>3 which allowed

the inclusion of HDM tablets in the Global Initiative for Asthma
(GINA) guideline for the treatment of allergic asthma induced
by HDMs. Some studies have also demonstrated that SLIT
treatment with HDMs improves asthma symptoms, and reduces
the risk of moderate/severe exacerbations.3>3” Moreover, SLIT
with HDMs prevented the risk of developing asthma in children
during a 5-year period (3 years of treatment and 2-year fol-
low-up).'>22 This preventive effect was apparently strongest in
youngest children.

SLIT in children and the elderly

The reference list involving specific populations (either children
or elderly) is shown in Table 2. Studies specifically designed for
pediatric population involved approximately 2000 children.
Most of these studies demonstrated a significant reduction

in symptom (22-28%) and medication scores (27-34%) after

1, 2, or 3 years of treatment with grass pollen extracts.?%7780
SLIT with HDM also showed significant reduction in symptom
and medication scores;”>'® however, some of them showed

no differences with placebo.®>'?8 There was a scarce number

of studies regarding elderly subjects, and they involved only a
few patients (about 200).2>46°7 Besides this, symptom scores
significantly reduced after 3 years of treatment with HDMs
(44%)>7 or 5-grass pollen SLIT (64%),*¢ together with medication
scores by 51%. A study of 3 years of treatment with HDMs and a
3-year follow-up with no treatment also revealed a reduction in
symptoms after this 6-year period.?>

Safety profile

In the majority of studies, AEs were local and mild or moderate
in severity. Most of these AEs commonly occurred during the
first weeks of treatment. The frequency of treatment-related
AEs (TRAEs) ranged between 46 and 69%.*3 The majority of
cases (>80%) were oral reactions, including throat irritation
(reported in 17-43% of subjects), oral pruritus (11-43%), ear
pruritus (7-29%), mouth edema (4-11%), oral paresthesia
(5-10%), tongue pruritus (5-9%), lip swelling (3-11%), swollen
tongue (3-10%), glossodynia (1-9%), and dysgeusia (0.2-5%).
Other TRAEs reported in more than 5% of subjects were:
nausea (1-8%), and upper abdominal pain (1-6%). Asthma,
cough, and dyspnea were also the most frequently reported
asthma-related AEs among subjects with concomitant asthma.
Approximately 5% of subjects discontinued the trials because
of the TRAEs.

Scarce studies have reported serious TRAEs regarding SLIT. For
instance, in a study with 80 adults with RC receiving ragweed
pollen SLIT or placebo, there were reported 10 serious TRAEs
(chest discomfort, chest pain, dysphagia, oral pruritus, allergic
conjunctivitis, mouth edema, swollen tongue, conjunctivitis,
allergic conjunctivitis, and periorbital edema).”® With only one
exception,?? none of these studies, involving in total more
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than 4000 subjects, have reported cases of Ax during SLIT.

The reference list involving studies only addressed to evaluate
SLIT safety profile is shown in Table 3. Among them, Birk and
colleagues?? evaluated SQ tree SLIT tablet (ALK, doses from 1 to
24 DU) tolerability for 26-29 days outside birch pollen season
in 70 adults with RC with or without asthma, and reported 3

TRAEs: asthma (at 2 DU dose), eye pruritus (4 DU), and Ax (8 DU).

Discussion

Registration and authorization of allergen SLIT preparations
(firstly grass pollen, and secondly HDMs) as drugs by regulatory
agencies represented a landmark in the research on allergy
immunotherapy.’>'® Apart from standardizing preparation
content and production procedures (reproducibility), which in
turn increased patient safety, its clinical development by the
inclusion of a large number of patients in phase Il clinical trials
allowed registration and authorization of these products. The
amount and quality of studies shown in the present manuscript
is a consequence of such decision.

Since the first published trial in 1986, SLIT has become the
most promising alternative to SCIT.'32 The present systematic
review clearly shows that SLIT is both effective (by reducing
symptom and medication scores) and safe, at least regarding
HDM and certain pollen preparations. SLIT has clearly shown

to be effective for the treatment of ARDs, maintaining its
effectiveness up to 2 years after a 3-year treatment period, thus
demonstrating not only long-term efficacy but also a disease-
modifying effect.

However, several aspects should also be taken into account.
First, allergen content and dosing (either for SCIT and SLIT) is
not standardized, and varies among products. Several grass
pollen SLIT formulations were used in studies considered,
including 5-grass pollen, MK-7243 grass pollen, 3-grass
pollen, timothy grass pollen, and 6-grass pollen. In this line, a
study of SLIT products from US and European manufacturers
has already shown a difference from 7 to 200-fold in major
allergen concentration of timothy grass, HDM, ragweed,

and cat extracts.’® Given the variability in allergen content,
comparisons between different studies should be made
cautiously.

The registration of SLIT grass pollen and HDM preparations
have contributed to reduce this allergen content variability.
Currently, the FDA has recommended the use of the
bioequivalent allergy unit for establishing the allergenic
activity (potency) of grass pollen extracts of different origins.!*>
By contrast, European regulatory authorities need to adopt a
standardized unit. It has been documented that high antigen
doses are needed to achieve immunotherapy-induced clinical
benefits, thus it is expected that studies carried out with low
antigen doses may not be successful. In this regard, one of the
SLIT main advantages, as compared to the more traditional
SCIT route, is that you can increase the extract allergen content
to a certain range without compromising safety profile.

Another aspect to consider is the administration schedule.
SLIT has been shown to be effective for allergic RC, both
under continuous (year-round) or discontinuous (pre-
seasonal, coseasonal, or pre-/coseasonal) schemes.'* SLIT
with HDMs is used under a continuous scheme. Pre- and
coseasonal regimens are frequently employed for SLIT,
especially with grass pollen, and have some advantages over
continuous regimens.'3® In fact, long treatment periods have
been associated with poor adherence and, in turn, lower
effectiveness.'¥” Diverse studies have demonstrated that
discontinuous schemes are, at least, as effective and safe as
continuous ones. However, pre-/coseasonal treatment, as
used with grass pollen, might enhance the adherence to long
treatments. If SLIT products are initiated before the pollen
season, it is important for practitioners to be familiar with
specific pollen seasonal patterns in their locations.

The third consideration derives from the lack of comparative
studies (efficacy and safety) between SLIT and SCIT. In this
context, SLIT may provide some clear advantages over SCIT,
such as the comfort of receiving treatment at home, without
painful injections, and as mentioned earlier a better safety
profile, which together with pre-/coseasonal schemes would
probably improve treatment adherence. Due to the lack of
studies specifically designed to compare both administration
routes we have to be cautious with conclusions.

On the other hand, clinical trials with HDM-induced asthma

have demonstrated that SLIT treatment not only significantly
reduces asthma symptoms and exacerbations but also can
prevent asthma onset.22374445 However, the number of studies
involving asthmatic subjects or designed to evaluate changes in
asthma symptoms is limited. Given the increasing prevalence of
asthmatic patients and the impact of SLIT over the ‘allergic march’,
it seems necessary to perform additional long-term controlled
clinical trials with, at least, the most prevalent allergens.

Interestingly, a recent study focused on SLIT immunological
mechanisms, using a grass pollen tablet and with a 3-year
treatment and 2-year follow-up protocol, has suggested that
SLIT sustained effect is linked to the generation of a long-term
regulatory T cell response.’*®'3° However, up to 2 years of
therapy is needed to develop this regulatory response in many
patients, thus explaining why some short-term studies have
failed to demonstrate SLIT efficacy.

Most studies that have failed to demonstrate SLIT efficacy
show a low allergen content, a short treatment time, and/or

a small study population sample size. In consequence, when
evaluating SLIT, we need to focus on studies performed not
only with high-dose allergen formulations but also on a long-
term basis and with a large sample size, such as those used to
register as drugs, both grass pollen and HDM preparations.

Final considerations about the difficulty in assessing the
evidence in these studies include the following: the severity
of the disease in recruited patients (SLIT showed no significant
results when analyzing patients with intermittent mild asthma
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or AR, whereas when analyzing by moderate persistent asthma,
authors did find significant results); concomitant treatments
can mask the effect of immunotherapy; and intrinsic effects of
clinical trials or ‘nursing effect’ can explain the improvement
achieved by the treatment with placebo.

One limitation of our systematic review is intrinsically
associated with the nature of the literature search, that is,

using only data from published and available clinical trials.
Another limitation may derive from the heterogeneity between
studies, regarding factors such as treatment, inclusion criteria,
or variables evaluated. Also, our study goal was to perform

a complete (from 1992) and updated (to 2018) search from
PubMed database on allergen SLIT, to try to provide a clear
vision of the current situation of this specific therapy.

Conclusion

Data from the majority of properly controlled clinical trials
demonstrate that SLIT is an effective treatment for ARDs in

children and adults, since continuous and discontinuous
schemes of administration show significant reductions in
symptom and medication scores, both at short (first year) and
long-term (sustained effect during a 3-year treatment period).
Furthermore, a disease-modifying effect of SLIT has been
documented mainly with grass pollen extracts, maintaining

its effect for a 2-year follow-up without immunotherapy after
a 3-year SLIT treatment period. At the same time, allergen
immunotherapy should also be considered a preventive
strategy, especially for preventing asthma in children and
adolescents with AR. SLIT treatment appears to be safe in that it
produces only a few self-limiting and mainly local and mild-to-
moderate AEs.

Further long-term studies, specially designed with allergens
other than grass pollen or HDMs, not only in ARC but also on
asthmatic subjects, as well as studies comparing different
administration schedules and/or routes, are required to
continue the progress in the modern development of this
particular promising therapy.
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