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Summary

Specific immunotherapy is the only treatment acting on the causes and not only on

symptoms of respiratory allergy. It was first introduced as subcutaneous immunother-
apy (SCIT) with the aim to induce immunological tolerance to the administered
allergen(s). In the 1980s, sublingual immunotherapy (SLIT) was developed, mainly
to improve the safety, which was a critical issue at that time.

This article reviewed the available literature, including a large number of randomized
controlled trials, meta-analyses, and real-life studies as well, on the outcomes of SCIT
and SLIT concerning the treatment critical issues of the two routes, that are efficacy,

safety, cost-effectiveness, and compliance to treatment.

The efficacy of SCIT and SLIT is similar in respiratory allergy, providing, based
on the induction of typical changes in the immunologic response, an early control of
symptoms that steadily increases during the treatment and its efficacy lasts after the
recommended duration of three years. Such results are the reason why SCIT and SLIT
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Introduction

Allergen immunotherapy (AIT) is defined as “the repeated ad-
ministration of specific allergens to patients with IgE-mediated
conditions for the purpose of providing protection against the
allergic symptoms and inflammatory reactions associated with
natural exposure to these allergens” (1). This outcome is ob-
tained by the ability of AIT to induce a number of cellular and
humoral effects that result from the shift from the Th2 lympho-
cyte dominated pattern, typical of the allergic response, to the
Th1 pattern associated to tolerance, and from the generation of
T regulatory cells (2,3). As the fine mechanisms of AIT are be-
ing revealed, the need to identify reliable biomarkers predicting
the response to treatment is an emerging issue (4,5). The quality
of allergen extracts used in AIT is crucial for inducing immu-
nological changes and providing clinical success. This concerns
both the initial injective route of administration, .e. subcutane-
ous immunotherapy (SCIT) and the subsequently introduced
sublingual immunotherapy (SLIT). The development of these
two forms of AI'T was quite different, because SCIT was initi-

have economic advantage over symptomatic drugs.

ated more than a century ago as a merely empirical treatment
of hay fever (6), while SLIT was introduced only in the 1980s,
when the knowledge on pathophysiology of allergy and mech-
anisms of AIT became clear (7). In this review, meta-analyses
were preferred to evaluate the effectiveness and safety of SCIT
and SLIT, while large-scale trials performed for registration
from the regulatory agencies were used for the latest generation
of SLIT products. Also real-life studies on very large patients
population were considered.

The milestones in the development of allergen
immunotherapy

The injective route was introduced in 1911 although the patho-
genesis of allergic disease was not fully elucidated until the
discovery of IgE antibodies in the 1960s (8), which clarified
the mechanisms of allergy and the immunologic modifications
achieved with AIT (9,10). Despite this, safety issues emerged in
the 1980s, when fatal reactions to SCIT from the UK (11) and
USA (12) were described. Nowadays it has been clarified that
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the actual risk factor for fatal reactions to SCIT is the presence
of uncontrolled asthma at the time of the allergen extract injec-
tion; in fact, fatalities become extremely rare when patients with
uncontrolled asthma are excluded from this treatment (13).
However, in the 1980 this factor was not yet acknowledged, thus
the development of other routes of administration was deemed
essential. Therefore, the oral route and the local nasal route
were investigated, although these types of administration were
reconsidered due to the high allergen doses required for efficacy
and the repeated nasal reactions to the administered allergen,
respectively (14). In fact, oral immunotherapy remains under
investigation as a treatment for food allergy but non for respira-
tory allergy, while local nasal immunotherapy was abandoned.
Indeed, the development of SCIT and SLIT, as summarized in
table I, proceeded through stages of evolution showing similar-
ities and differences. The current advance is the ongoing regis-
tration of immunotherapy products, based on the fulfillment of
criteria from the International Conference on Harmonisation
of Technical Requirements for Registration of Pharmaceuticals
for Human Use. In fact, until recently all allergen extracts were
classified as named patients products (NPP), that are defined by
their production through at least one industrial process based
on individual medical prescription, not responding to the above
criteria. Some NPP were registered at local level, with no ac-
knowledgement by other nations. Nowadays, guidelines for
product registration from the European Medicines Agency are
available regarding production and quality issues (15) and the
adherence to such guidelines has already resulted in internation-
ally registered products, which will be discussed below.

Similarities of SCIT and SLIT
Efficacy of SCIT

After decades of open studies on SCIT, the first placebo-con-
trolled trials were commonly based on small populations of
patients, often not higher than 30-35 subjects, about 50% of
whom treated with placebo. Such low numbers obviously ex-
posed the results to the statistical risk of stochastic observations.
Similar problems concerned SLIT after its introduction. The
risk of poor statistical power was managed by using meta-analy-
sis, which has the crucial advantage to aggregate the information
and thus to achieve a higher statistical power and a more solid
point estimate than obtained from any individual study. Still,
meta-analysis also has the limit to be biased by the methods of
search and selection of studies of the investigator, incomplete
data, and the kind of data analysis (16). An appropriate way
to address this limit is to use the Cochrane approach, which
was specifically designed to reduce investigator-related bias (17).
Table II shows the main results from meta-analyses of random-

ized double-blind, placebo-controlled trials (DBPC) of SCIT

Table I - Stages of evolution of SCIT and SLIT.

SCIT SLIT

Birth 1911 1986

First controlled trial 1966 1986
First meta-analysis 1995 2003
First real-life 2015 2017

studies on large

populations
Products Ongoing, thus  International registration
registration far registered for grass pollen and dust

mites tablets;
ongoing for ragweed
pollen
tablets

products only in
single nations

in patients with allergic asthma or allergic rhinitis (18-23). In
particular, Abramson ez a/. performed from 1995 to 2010 three
Cochrane meta-analysis on asthma. The latest meta-analysis up-
date included 88 trials, 42 of them concerning SCIT with dust
mites, 27 with pollens, 10 with animal dander, 2 with latex,
2 with molds, and 6 with multiple allergens, using the stan-
dardized mean difference (SMD) as analysis parameter (21). A
significant improvement in asthma symptom scores was found
(SMD -0.59, 95% CI -0.83 to -0.35) and it would have been
necessary to treat 3 patients with SCIT to avoid one deteriora-
tion in asthma symptoms and to treat 4 patients to avoid one
patient requiring increased drug treatment. SCIT significant-
ly decreased both allergen specific and non-specific BHR (20).
Based on the level of evidence, no further Cochrane meta-anal-
ysis was performed, while other meta-analyses addressed aspects
such as efficacy in asthmatic patients treated with dust mite ex-
tracts (23), or the outcome of SCIT compared with pharmaco-
therapy (22). For the latter, besides the usual SMD, also by the
relative clinical impact (RCI), which is the percentage reduction
in TSSs and TNSSs obtained with active treatment compared
with placebo was used, with a significantly better result for
SCIT than for mometasone (-31.7% + 16.7%, p < 0.00001)
and montelukast (6.3% = 3.0).

Efficacy of SLIT

The first meta-analysis on the efficacy of SLIT on allergic rhi-
nitis was performed in 2015 on 22 randomized trials (24). A
significantly higher efficacy of SLIT versus placebo was found, as
assessed by an SMD of -0.42 for symptom scores (p=0.002) and
-0.43 for medication scores (p=0.00003). Due to the relatively
low numbers, the authors were not able to detect differences
in patient subgroups defined by age and the kind of allergen,
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Table II - Efficacy of SCIT.

Authors (ref.) Year Study Population Results
Abramson et al. (18) 1995  Cochrane meta-analysis 20 randomized double-blind Symptomatic improvement, reduction
placebo controlled trials on in medication scores and in bronchial
patients with allergic asthma hyper-reactivity
Abramson ez al. (19) 2003  Cochrane meta- analysis 75 randomized double-blind Reduction of asthma symptoms and use
placebo controlled trials on of asthma medications, improvement of
patients with allergic asthma bronchial hyper-reactivity
Calderon ez al. (20) 2007  Cochrane meta- analysis 51 trials on patients with allergic Reduction of medication scores and
rhinitis symptoms scores
Abramson ez al. (21) 2010  Cochrane meta- analysis 88 randomized double-blind Reduction of asthma symptoms and use
placebo controlled trials on of asthma medications, improvement of
patients with allergic asthma bronchial hyper-reactivity
Matricardi ez al. (22) 2011 Review Meta-analyses with 5 or more reduction in drug consumption,
randomized, double-blind, preventive effect on asthma and new
placebo-controlled trials of SCIT ~ sensitizations, antisymptomatic effect
or antisymptomatic treatment in  starting as early as the first season after
patients with SAR treatment onset.
Lu et al. (23) 2015 Meta-analysis 19 randomized double-blind Reduction of asthma symptom scores

placebo controlled trials on

and asthma medication scores

patients with allergic asthma

but this was possible in subsequent analyses. Table III reports
the main results of further meta-analyses on allergic rhinitis or
asthma (24-34). The most recent meta-analyses included both
SCIT and SLIT trials. In particular, the meta-analysis endorsed
by the European Academy of Allergy and Clinical Immunology,
including 61 SCIT trials and 71 SLIT trials demonstrated sig-
nificant reductions in AR symptom (SMD -0.53), medication
(SMD -0.37) and combined symptom and medication scores
(SMD -0.49) with active treatment, with no significant differ-
ence between SCIT and SLIT (32). The guidelines from the
European Academy of Allergy and Clinical Immunology (EAA-
CI), based on the level of evidence stated that in patients with
AR both SCIT and SLIT can be recommended (35). However,
in a meta-analysis comparing SCIT and SLIT in patients with
allergic asthma SCIT improved quality of life and decreased al-
lergen-specific airway hyperreactivity, while SLIT did not reach
such outcome (33).

As hinted above, the need to fulfill the rigorous process of reg-
istration as pharmaceutical therapies required by regulatory
agencies resulted in the performance of large trials on the new
SLIT products in standardized tablets. The recent preparations
for SLIT in tablets of grass pollen extract were the first to be as-
sessed. A pre-requisite was the inclusion of patients’ populations
much larger than commonly used previously, to make unlikely
casual observations and thus making meta-analysis unnecessary.
Actually, the two trials on the 1-grass tablets and the 5-grass

tablets included 855 and 628 adults, respectively (36,37). In
the trial on the 1-grass (Phleum pratense) tablets patients were
randomized to receive sublingually 2500, 25,000, or 75,000 SQ
(Standard Quality)-T (the units used by the producer to mea-
sure allergen activity) or placebo once daily for a mean duration
of 18 weeks. The average rhinoconjunctivitis scores during the
grass pollen season were reduced by 16% and the medication
use was reduced by 28% for the grass tablet 75,000 (p=0.047)
compared with placebo. A significant improvement in rhino-
conjunctivitis QoL scores (p=0.006) and in the number of well
days (p=0.041) were observed (36). In the trial on 5-grass tablets
three dosages for once daily administration were tested, namely
100, 300 and 500 IT (Index of Reactivity) and compared with
placebo. SLIT was started 4 months before the expected grass
pollen season and continued throughout the season. The 300-
IR and 500-IR doses significantly reduced the mean rhinocon-
junctivitis total symptom score (3.58 + 3.0, p=0.0001 and 3.74
+ -3.1, p=0.0006, respectively) compared with placebo (37).
The 5-grass tablets were also evaluated in 278 pediatric patients
(aged 5-17 years) with rhino-conjunctivitis receiving 300-IR
once-daily or placebo, with the same time horizon of the study
in adults. The SLIT treated group showed a mean improvement
in rhinoconjunctivitis total symptom score of 28% compared
with placebo, this being significantly better (p=0.001). Signifi-
cant differences between active and placebo treatment were also
found concerning the rescue medication score and the propor-
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Table III - Efficacy of SLIT.

Authors (ref.) Year Study Population Results
Wilson ez al. (24) 2005 Meta-analysis 22 randomized trials Reductiopn in symptom scores and in
medication scores
Penagos et al. (25) 2006 Meta-analysis Pediatric patients with allergic rhinitis Reductiopn in symptom scores and in
medication scores
Calamita ez al. 2006 Cochrane meta- Patients with allergic asthma Reduction in asthma severity
(26) analysis
Penagos et al.(27) 2008 Meta-analysis Pediatric patients with allergic asthma Significant reduction in symptom scores
and medication scores
Compalati ez al. 2009 Meta-analysis 8 trials on patients with allergic rhinits Decrease in symptoms in both groups of
(28) and 9 trials on patients with allergic patients
asthma
Di Bona et al. 2010 Meta-analysis Patients with seasonal rhinoconjunctivitis ~ Reduction in symptoms and medication
29) use with a higher efficacy in adults than
children
Radulovic ez al. 2010 Cochrane meta- 49 trials on patients with allergic rhinitis Reduction in symptom scores and
(30) analysis medication scores
Normansell ez al. 2015 Cochrane meta- 52 studies on patients with allergic asthma ~ Need for the introduction of validated
(31) analysis scales and important outcomes for
patients and decision makers
Dhami ez al. (32) 2017 Meta-analysis Comparison between SCIT and SLIT No significant difference between SCIT
and SLIT, reduction in AR symptoms
and medication scores
Dhami et al. (33) 2017 Meta-analysis Comparison between SCIT and SLIT SCIT decreases allergen specific airway
hyper-reactivity and improves QoL,
while SLIT does not reach such outcome
Huang et al. (34) 2019 Meta-analysis 6 trials on SCIT and SLIT with dust No significant difference between SCIT

mites extracts for the treatment of allergic

and SLIT

rhinitis

tion of days using rescue medication throughout the pollen sea-
son (p=0.0064 and p=0.0146, respectively) (38). Both 1-grass
tablets and 5-grass tablets trials clearly demonstrated the need
to administer high allergen doses to achieve clinical efficacy. Of
interest, in a post-hoc analysis of data from the 5-grass tablets
trials, Devillier e al. found that the magnitude of efficacy was
higher in patients with more severe symptoms during the grass
pollen season (39).

In 2014, the first trial on the efficacy of dust mite SLIT tab-
lets was published. The trial included 604 patients (aged more
than 14 years) with mite-induced rhinitis and mild-to-moderate
asthma, who were randomized to receive 1, 3, or 6 SQ dust
mite tablets or placebo. The primary endpoint was the use of
inhaled corticosteroid (ICS), which was adjusted at baseline
and the end of one year of treatment to the lowest dose giving
asthma control. The 6 SQ dose reduced the daily ICS dose by
a mean difference of 81 pg compared with placebo (p=0.004).

The most common adverse events were local oral reactions, with
a higher rate and severity for 3 and 6 SQ-dust mite than for 1
SQ-dust mite and placebo (40). This outcome resulted in the
important goal to take account in the 2017 update of the Global
Initiative on Asthma (GINA) guideline of dust mite tablets as
add-on therapy in mite allergic adult patients who have asthma
exacerbations despite ICS treatment, with a FEV1 value of at
least 70% of predicted (41).

The dust mite tablets standardized in IR were evaluated instead
as a treatment for mite-induced AR. From a group of 509 par-
ticipants, patients were randomized to receive once daily 500 IR
tablets, 300 IR tablets or placebo for one year, with a year of fol-
low-up after the end of treatment. The two SLIT doses of 500
and 300 IR significantly reduced AR symptoms, as measured
by the Average Adjusted Symptom Score (AASS), compared to
placebo, by 20.2% (p=0.0066) and 17.9% (p=0.015), respec-
tively. With both active treatments the efficacy was maintained



AIT and administration routes

249

during the one-year follow-up with no treatment (42). Further
support for effectiveness of AIT was provided by real-life (also
called real-world) studies. The value of these studies is to verify
if the results obtained in controlled trials are reproduced in pa-
tients managed in routine clinical practice. In fact, the rigid in-
clusion criteria make unlikely the admission of such patients to
trials, making uncertain their clinical response. The first paper
mentioning the term real-life for AIT dates back to 2004 (43).
Since then, more than 20 real-life studies on the effectiveness
of SCIT and SLIT were published and recently reviewed (44).
In the present review, only the studies on very large popula-
tion of patients will be considered. In the study by Zielen ez 4.
2851 patients treated with grass pollen SLIT tablets and 71,275
control patients were analysed by a retrospective multiple re-
gression analysis of data from a German prescription database
over a period of 7 years. Changes over time in symptomatic
drug consumption after SLIT withdrawal, use of medications
for asthma, and time of asthma onset in patients with AR were
used as indicators. A significant difference in favour of SLIT
was detected for all comparators. In particular, the use of symp-
tomatic drugs for AR compared to the pre-treatment period
was 18.8% lower (p < 0.01) in SLIT treated patients than in
controls, the asthma medication use decreased by an addition-
al 16.7% (p=0.004) after treatment withdrawal in SLIT treat-
ed compared with controls, and the onset of asthma was less
frequent (odds ratio 0.696, p=0.002) in SLIT treated patients
than in controls (45). Another large real-life study used the same
German prescription database and a time horizon of 2-6 years
on a retrospective cohort of 9001 patients treated with SCIT
or SLIT for birch pollen-induced AR and asthma and 45,005
patients treated only with symptomatic drugs as controls. AIT
was performed by different birch or other Berulaceae (hazel, al-
der) pollen extracts, administered by natural pollen SCIT, al-
lergoid preparations for SCIT and SLIT drops. At the end of
a 6 years follow-up, the results of multiple-regression analysis
showed that the rate of patients no longer taking symptomatic
drugs for AR was 65.4% of AIT treated patients vs. 47.4% of
controls (p < 0.001). Concerning asthma, the rate of patients
using no longer using anti-asthmatic drugs was 49.1% of AIT
treated patients vs. 35.1% of controls (p < 0.001). The evalua-
tion of the risk of developing asthma in patients with only AR
was significantly lower in AIT treated vs. controls (odds ratio
0.83, p=0.001) (46). The most recent real-life study analyzed
the prescription fulfilment data collected from French retail
pharmacies from 2012 to 2016. Using linear regression analy-
ses, 1099 patients who had received at least two prescriptions of
grass pollen SLIT tablets for at least two consecutive years were
compared with 27,475 control patients who had received only
symptomatic medications. A 50% decrease in the use of symp-
tomatic AR medications was observed, compared with a 30%
increase in the control group without age matching (p < 0.0001

vs. SLIT) and a 20% increase in the control group with age
matching (p < 0.0001 »s. SLIT). Regarding asthma prevention,
during the follow-up 1.8% of SLIT-treated patients and 5.3%
of controls initiated asthma treatment. A lower risk of drug dis-
pensing for new onset asthma was observed in SLIT treated vs.
controls, by 62.5% without age matching (p=0.0025) and by
63.7% with age matching (p=0.0018). The authors concluded
that prescription of grass SLIT tablets lessens the dispensing of
AR and asthma medications in real life (47).

Immunological mechanisms of AIT

The exclusive disease-modifying outcome of AIT is due to its
immunological effects on IgE-mediated allergic diseases. Suc-
cessful AIT can in fact restore immune tolerance to allergens, by
the inhibition of the early and late allergic response, the induc-
tion of allergen-specific regulatory T (Treg) and B cells (Breg)
and the increase in production of anti-inflammatory cytokines,
such as IL-10 and TGF-f (2,3). It is known that in allergic dis-
eases the dis-regulation of Th2 response induces an increased
release of cytokines such as IL-4, IL-5 (which stimulate the IgE
class switch of B cell), and IL-13 (48). IgE exposed on the cel-
lular membrane of mast cells and basophils bind the specific
allergens, thus inducing the degranulation and the release of
preformed mediators, such as histamine and leukotrienes, and
generating the allergic response. IL-5 has a major effect on eo-
sinophils by activating them and prolonging their survival rate,
in addiction it stimulates the growth of B cell (49). These im-
munologic effects of AIT result in a long-lasting tolerance to the
specific allergen, by decreasing the number and the activation
of eosinophils and mast cells, and modulating the response and
the activity of T and B cells, reducing the production and the
release of IgE while increasing IgG4, a subclass of blocking an-
tibody which compete with IgE for binding with the allergens,
causing the reduction in activation of basophils and B cells. Al-
though routes, doses of allergen and site of administration differ
between SLIT and SCIT, the final effect in the modulation of
the immune network is the same: the induction of peripheral
tolerance mediated by Treg, which modulates the activation and
the survival of peripheral immune cells by the release of anti-in-
flammatory cytokines such as IL-10 with suppression of IgE
production and inhibition of B cells proliferation (50). Figure 1
summarizes the main mechanisms of action if SCIT and SLIT.
They result in the persistence of the clinical effects after stop-
ping the treatment and the preventive capacity to interfere with
the natural history of AR, and particularly the development of
asthma. As to the first effect, a number of long-term studies,
often following an initial trial, showed that treatment durations
longer than three years resulted in prolonged maintenance of
AR symptoms control over time (51). A recent review analyzed
the evidence for long-term effects of SCIT and SLIT assessed
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through placebo-controlled, randomized clinical trials includ-
ing a follow-up of at least 1 year after treatment withdrawal.
The data suggest the evidence on the adequacy of 3 years of
either SCIT or SLIT in providing allergen-specific tolerance
maintained for at least 2-3 years after treatment stopping (52).
This observation supports the need to avoid a duration shorter
than 3 years.

In addition, there is good evidence on the ability of both SCIT
and SLIT to prevent the progress from AR to asthma. Following
initial investigation on small groups of patients, the preventive
allergy treatment (PAT) study enrolled 183 children with grass
and/or birch pollen allergy undergoing SCIT or drug treatment,
assessing the development of asthma by clinical evaluation.
After 3 years of SCIT, in the period of follow-up performed
for up 5 years a significantly less frequent onset of asthma was
found in comparison with drug-treated children (odds ratio

2.68 (1.3-5.7)) (53). Several other studies, also addressing SLIT,

confirmed such outcome, as recently reviewed (54). Indeed, no
such evidence was achieved for the AIT capacity to prevent new
sensitizations. This modification of the evolution of atopy was
initially suggested by Des Roches ez al., who followed-up for 3
years a group of 22 children monosensitised to dust mites and
treated with SCIT, comparing them to 22 matched non SCIT
treated children. All 22 non-treated children developed new
sensitivities zs. only 10/22 SCIT treated children (p < 0.01),
suggesting that AIT in children monosensitised to dust mites
can prevent new sensitizations (55). However, this outcome
is far from clear, as demonstrated by the contrasting results of
subsequent studies (56). A recent meta-analysis on 18 studies
including 1049 children and 1057 adults concluded that low
evidence supports the ability of AIT to prevent the onset of new
sensitizations, the highest benefit being reported in small studies
with a shorter follow-up. Still, the authors commented that high
quality trials could change this estimate (57).

Figure 1 - Mechanisms of action shared by SCIT and SLIT. Sublingual and subcutaneous immunotherapy. In SCIT the allergen contacts
the antigen presenting cells (APC) of the skin while in SLIT APC involved are those in the sublingual mucosa. Both SCIT and SLIT in-
duce immunotolerance. The induction of Treg results in early desensitization of mast cell and basophil and their suppression, together with
eosinophils. IL-10 and TGF beta induce immunoglobulin class switch, with a decrease of IgE and induction of IgG4. Th2 response and
cytokines result suppressed too. Inflammatory dendritic cell (DC) are suppressed in favor of tolerogenic DC.
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Practical application of AIT

The practice patterns of SCIT in Europe and US are signifi-
cantly different, being mostly based on single allergens in
Europe, while including an average of 8 allergens in US (58).
Nelson analyzed 13 studies based on simultaneous administra-
tion of two or more unrelated allergens published from 1961
to 2007. Only few studies were well-designed and powered
DBPC trials, and direct comparison between single-allergen
and multiple-allergen was rarely performed. The author con-
cluded that multiple-allergen can be effective but claimed
for further investigation (59). Concerning SLIT, Calderon ez
al. studied the published evidence on the efficacy of the two
strategies in polysensitized patients. According to the results
of post-hoc analyses of DBPC trials, the efficacy of SLIT
with grass-pollen tablets was found to be similarly effective in
monosensitised and polysensitized patients. The authors also
analyzed a number of studies from Europe evaluating SLIT in
polysensitized patients using only the most clinically important
allergen in two thirds of patients and a mix of two allergens in
the remaining patients: a significant improvement in symptom
and medication scores was achieved. Calderon e a/. concluded
that “multi-allergen immunotherapy in polysensitized patients
needs more supporting data from large clinical trials to validate
it as a treatment option” (60). A Workshop organized by the
National Institute of Allergy and Infectious Diseases (NIAID)
and the Agency for Healthcare Research and Quality (AHRQ)
was aimed at developing trial concepts able to improve the use
and effectiveness of AIT for respiratory allergy. One of the task
to be addressed by the Expert groups is “to propose a study
design to compare the effectiveness and safety of AIT by using
1 or a few allergens versus all or most allergens to which a pa-
tient is sensitized” (61). It is to be hoped that this initiative can
definitively clarify this issue. As far as the schedules to perform
SCIT are concerned, conventional protocols require a build-up
phase followed by a maintenance dose at monthly interval, but
short protocols are also available (62). For example, for pollen
allergy a short course of four injections of tyrosine-absorbed
allergoids enhanced with the adjuvant monophosphoryl lipid
A was demonstrated to be effective and safe in children, ado-
lescents and adults with grass and tree pollen allergy (63) and
its use is likely to increase in the event of regulatory approval.

Cost-effectiveness of AIT

The long-term efficacy of AIT after its stopping is the one of
the greatest pharmaco-economic advantage of this therapy. In
fact, the progressive improvement of symptoms after AIT is
paralleled to the decrease in the use of symptomatic drugs.
In the first study on SCIT, the analysis of cost-effectiveness
was based on the simple calculation of the monetary expen-

diture for patients treated with SCIT and symptomatic drugs
compared with patients treated only with drugs. Such studies,
evaluating mostly SCIT but also SLIT, were reviewed in 2008
by Berto er al., who concluded that AIT, in both routes of
administration, may be beneficial to the healthcare systems,
because of the better clinical outcome at a cheaper cost or ad-
ditional benefit at an acceptable extra cost (64). In the ensuing
years, the appropriate tools for cost-effectiveness evaluation,
such as quality-adjusted life-years (QALYs) and incremental
cost effectiveness ratio (ICER) (65) were increasingly used for
AIT. In a more recent analysis, 24 studies on health economics
of AIT, performed in Northern, Central and Southern Europe
and in North America, were reviewed by Hankin and Cox.
Nine studies were on SCIT, 10 on SLIT and 5 on both (66).
Only one early study comparing the costs for SCIT to costs
for drugs in patients with asthma exacerbated by seasonal rag-
weed exposure failed in detecting a cost-effectiveness, because
reduced medication costs were counterbalanced by the costs of
immunotherapy (67). However, the study duration was limit-
ed to two years of SCIT, thus lacking the post-treatment effect
which is now known to enhance the economic advantage of
AIT. All the other studies provided, according to Hankin and
Cox, “compelling evidence for the cost saving of AIT, wheth-
er delivered subcutaneously of sublingually, over symptomatic
drug treatment”. As far as the comparison between SCIT and
SCIT is concerned, most of the analyzed studies reported cost
savings favoring SLIT. After this review, two studies compar-
ing SCIT to SLIT were published. Verheggen ez al. used QA-
LYs in a time horizon of 9 years (3 years of AIT) to compare
the cost-effectiveness of SCIT by a mix of injectable allergoid
products to that of SLIT by 5-grass tablets in patients with
grass pollen AR. A cost-utility ratio of the 5-grass tablet vs. the
market mix of injectable allergoids of €12,593 per QALY in
the base case analysis was found. Compared to the allergoid
mix the likelihood of the 5-grass tablet to be the most cost-ef-
fective treatment was predicted as 76% at a willingness-to-pay
threshold of €20,000 (68). Different results were reported
by Briiggenjiirgen et a/. in a study involving three nations
(Austria, Spain and Switzerland) and comparing SLIT with
5-grass tablets to a single allergoid and to drug treatment.
Both SCIT and SLIT were dominant in the health economic
aspects compared to pharmacological symptomatic therapy,
while the comparison SCIT-SLIT showed lower total costs
of SCIT ws. SLIT for the three nations (€1,368 vs. €2,012,
€2,229 vs. €2,547, and €1,901 vs. €2,220 for Austria, Spain
and Switzerland, respectively). Also, higher cost-effectiveness
in term of QALYs (SCIT=8.02, SLIT=7.98 QALYs, symptom-
atic therapy=7.90) (69). In the systematic review by Meadows
et al. both SCIT and SLIT were found to be cost-effective
when compared with standard treatment from about 6 years
(threshold of £20,000-30,000 per QALY), but the authors
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claimed further research to establish the comparative effective-

ness of SCIT compared with SLIT (70).

Differentiation of SCIT and SLIT

Treatment safety and patients’ adherence are the main differenc-
es between SCIT and SLIT, as shown by literature.

Safety of SCIT and SLIT

Safety is the major difference between the two AIT routes. As
described above, the reports of fatal reactions to SCIT in the
1980s (11,12) was a critical issue, which resulted in a limitation
of SCIT use and also in the search of alternative routes of ad-
ministration. SLIT appeared an effective treatment for patients
with respiratory allergy with a better safety profile than SCIT,
as demonstrated by the absence of fatalities even in the case
of consumption of massive dosages. There is a case report of a
patient who, after discontinuing SLIT for several months, took
all the previously unused doses at once developing an anaphy-
lactic reaction, but surviving (71). Of interest, in the first sys-
tematic review on SLIT safety, no difference in the risk of ad-
verse reactions was detected comparing low dose and high dose
SLIT products, whereas the dose dependence of SR to SCIT is
well known (72). Nevertheless, a risk of anaphylactic reactions
in particular circumstances cannot be excluded, as shown by
Nolte et al., who analyzed the use of epinephrine in 2408 pa-
tients recruited in trials on SLIT tablets with various allergens.
A global number of 32 epinephrine administration was nec-
essary (10 for 1-grass pollen, 9 for ragweed pollen, and 13 for
dust mite tablets). The reactions treated with epinephrine were
not life-threatening. The authors concluded that epinephrine
use in SLIT tablets is uncommon, typically occurring in the
initial phase of treatment (73). A particular issue concerns the
use of protocols directly starting with the maintenance dose,
with no build-up, in patients admitted to SLIT because of
previous SR to SCIT. In fact, two cases anaphylaxis after the
first SLIT dose were described, influencing the subsequent re-
moval of such admission criteria to SLIT (74). Actually, in the
most recent US practice parameter update on SLIT it is stated
that the first dose of SLIT tablets must be administered in the
physician’s office and that each patient must be prescribed in-
jectable adrenaline to be used in case of need according to the
instructions received (75). This behavior remains mandatory
for SCIT, although there was a significant decrease of anaphy-
lactic reactions to SCIT after the identification of uncontrolled
asthma in the day of the allergen injection as the major risk
factor (13). In a recent EAACI endorsed overview of systematic
reviews on AIT, for SCIT about 4% of systemic reactions were
graded as severe (with no fatality), compared with 2% of such
reactions with SLIT (76).

Adberence to SCIT and SLIT

Adherence to prescribed therapies is a general problem in med-
icine, as highlighted by Cutler and Everett, who estimated that
as many as half of all patients do not adhere to their prescrip-
tion-medication regimens, with a relevant impact on medical
health costs, corresponding to more than $100 billion spent
each year on avoidable hospitalization (77). The first studies
that analyzed adherence to AIT involved patients treated with
SCIT. The direct administration of the allergen extract by the
physician (or trained nurses) theoretically should ensure good
compliance and adherence, but rates of compliance of approx-
imately 50% were reported instead, both in adults (78) and
children (79), the inconvenience from frequents injection and
the lack of reimbursement being reported as the major cause
of SCIT discontinuation (80). More favorable results were
observed using less demanding schedules for injections, with
a raise of compliance from 62% to 88%, provided optimal
doses of allergen extracts were administered (81-83). Recent
studies substantially confirmed such figures. In a real-life study,
the patients who received a SCIT prescription for AR and/or
asthma in 2009-2011 were contacted in 2014 and asked about
the completion of at least the 3 years of SCIT. A close relation-
ship between allergists and their patients during SCIT and the
follow-up period was warranted, resulting in an overall rate of
87.3% of patients considered adherent (84). In a retrospective
chart review of SCIT patients in US between 2003 and 2016,
compliance to treatment was evaluated using analysis of vari-
ance to compare mean compliance between payer groups. Lin-
ear regression showed that age, duration of SCIT therapy and
asthma status were not related to the percentage of missed dos-
es, while payer status was statistically predictive of missed doses
(p=0.02). In fact, Medicaid patients missed 34.2% of doses,
followed by Medicare (24.4%), commercial insurance (19.9%)
and HSN in Massachusetts (18.5%). The authors concluded
that in patients referring to an urban tertiary care setting serving
a low-income population, compliance to SCIT was generally
high but lower in the Medicaid population (85). As to SLIT,
the first studies on compliance and adherence were optimistic,
reporting rates of 80-90% (86). However, in 2010 an inves-
tigation based on the prescription data from SLIT products
manufacturers revealed that only 13% was still under treatment
after three years, i.e. that duration needed to provide the per-
sistent effect of SLIT over time (87). Given the lack of adher-
ence to SLIT, researchers focused on methods to improve it
demonstrating the importance of patient education and accu-
rate monitoring during the treatment, while the effect of tech-
nology-based tools, including online platforms, social media,
e-mail, and short message service by phone, is under evaluation
(86). In the latest years, studies comparing the compliance and

adherence of SCIT and SLIT were published. In a retrospective
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analysis of a community pharmacy database from The Nether-
lands involving 6486 patients initiating AIT between 1994 and
2009, 2796 patients were treated with SCIT and 3690 were
treated with SLIT. Globally, only 18% of patients (23% for
SCIT and 7% for SLIT) completed the required duration of
treatment. A premature discontinuation was influenced by the
kind of prescriber (a longer persistence was found for patients
of general practitioners compared with patients referring to al-
lergists and other medical specialists) by single allergen vs. mul-
tiple allergens AIT, by lower socioeconomic status and younger
age. The authors claimed for an urgent need to further define
the potential barriers for compliance to AIT (87). A study from
Spain assessed the effect on compliance of allowing patients to
select the route of AIT. Patients were divided into two groups,
the study group being formed by patients who chose the route
of administration, while control group included patients for
whom their physician decided the route. Before starting AIT, all
patients received an educative session on the benefits and risks
of the treatment, with an additional session in the active group
informing about specific characteristics of SCIT and SLIT. Af-
ter 6 months, 24 of 204 patients in the active group (11%) and
22 patients of 103 in the control group (21%) had stopped AIT,
this difference being significant (p=0.02). In the active group
no significant difference in compliance was detected between
those who preferred SCIT or SLIT, whereas in the control
group the number of withdrawals was significantly higher for
SLIT than for SCIT (p=0.05) (88). The rate of compliance was
much better than in the Dutch study, but the far shorter obser-
vation period (6 months) must be taken into account. A further
comparison was done in a retrospective review of 384 patients
treated with SCIT or SLIT for at least two years at a tertiary
care otolaryngology and allergy practice. SCIT compliance was
defined according to injections schedules defined as excellent
or good, while for SLIT compliance excellent or good rating
was defined according to the number of vials refilled within the
expiration date. Excellent or good compliance rates were found
in 83.7% of SCIT patients and in 65.5% of SLIT patients.
Limiting the analysis to excellent compliance rates, a significant
difference (p > 0.05) was detected in favor of SCIT (89). The
latest study used questionnaires to retrospectively analyze the
compliance among 236 patients with AR with or without asth-
ma initiating AIT in 2009 or 2010. The compliance rates after
3 years were 58.7% in SCIT treated and 11.6% in SLIT treated
patients. The most common causes of non-compliance were the
frequency of injections and the duration of treatment, for SCIT,
the inconvenience (to take the allergen extract everyday) and
the improvement without treatment for SLIT (91). Globally
viewing the results of these studies, it is apparent that, although
there is margin of improvement in SCIT compliance, prescrib-
ers must be committed to greatly improving SLIT compliance,
which is very lacking.

Conclusions

AIT has unique characteristics among treatments for respira-
tory allergy, that rely on its ability to induce immunological
tolerance to the specific allergen. Currently, two routes of ad-
ministration are available, namely SCIT and SLIT, that share a
number of patterns but differ for others. In particular, a large
number of meta-analyses support the efficacy of both routes,
without clear evidence of superiority over one another, as ac-
knowledged by recent position papers (92) and analysis by
opinion leaders (93). Also, comparable cost-effectiveness was
found, especially when the treatment is stopped after adequate
duration, moreover the clinical effects persists, with great ad-
vantage over symptomatic drug therapy. However, since several
NPPs are still present on the market alongside the registered
products, a clarification is needed on the existence of different
brands and the fact that the indication of an AIT should take
into account the quality of the product.

This makes it mandatory to inform prescribers that specific
products, rather than AIT, SLIT or SCIT, should be considered
as a whole, based on the fact that among the many different
products available, for some of them the effectiveness has been
demonstrated, while for others it has not.

As far as safety and compliance are concerned, there are dif-
ferences between SCIT and SLIT. The former has substantially
reduced the risk of severe SR following the acknowledgement of
the importance of uncontrolled asthma in favoring such reac-
tions, but the safety profile of SCIT is inferior when compared
with SLIT. The opposite occurs with compliance, all recent
studies reporting rates of compliance much lower for SLIT. This
warrants commitment by physicians to improve the outcome, as
recently reviewed, by “better patient education at the beginning
of treatment, sharing with patients the decision on which type
of immunotherapy to select and showing sincere interest in their
treatment concerns” (94).

Future perspective

At the time AIT was introduced (6), all medications were avail-
able only in galenic formulation, and in fact AIT was firstly
administered through galenic type preparations, obtained di-
rectly from the allergenic source, for example grass pollen. In
the following decades, the progress in drug development was
not mirrored by similar technological improvements in AIT,
that, despite an undeniable evolution (94) remained long based
on NPD, z.e. allergen extracts prepared for single patients, firstly
for SCIT and later also for SLIT, and the quality of these prod-
ucts was uneven. Currently, the need for new products to fulfill
the requirements of the regulatory agencies to achieve approval
and license to commerce prompted a significant improvement
of quality and resulted in major advances, such as the inclusion
of SLIT tablets for mite-induced allergic asthma in the GINA
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guidelines for allergic asthma (41). Moreover, according to
Nolte and Maloney, the high allergen concentrations adminis-
tered with SLIT tablets may silence reactive T cells via anergy/
deletion. This process reverses the immune deviation of weakly
primed Th2 responses to inhalants towards, typical of allergic
subjects, possibly resulting in long term protection against atop-
ic sensitization (93). According to a document from the Agency
for Healthcare Research and Quality, the effects of SCIT and
SLIT on asthma are not superimposable (95). Actually, the re-
cent EAACI guidelines on AIT for mite-induced asthma gave
the recommendations for the different allergen products for
AIT. Mite tablets were recommended for adults with controlled
or partially controlled asthma, while SCIT was recommended
for adults and children and SLIT drops were recommended for
children, provided products with demonstration of efficacy by
DBPC trials are used and asthma is well controlled (96). Still, in
children AIT remains underused and its evidence is challenging
due to heterogeneity among studied populations, selection of
potential responders, products and outcomes (97), as well as
for recognizing optimal schedules of administration (98). The
identification of efficacy biomarkers able to predict or monitor
the AIT efficacy in early stage is likely to improve the treatment
outcome of AIT (99), by avoiding its use in potentially poor
responders while supporting the adequate duration in potential
responders. In the near future, new advances in AIT are likely,
including further methods of administration by intralymphat-
ic or epicutaneous route, which are already supported by sev-
eral studies, use of recombinant allergens (and hypoallergenic
variants), as well as of T- and B-cell peptide approaches (100).
However, the effectiveness of these new approaches still has to
be compared with the latest generation of SLIT tablets, which
are acknowledged as reference products for AIT.

Finally, regardless the route of administration, high quality tri-
als are warranted to demonstrate the preventive effects of AIT,
which was reported in some studies, on the development of new
sensitizations and allergic comorbidities with a progressive mul-
tiorgan involvement (101).

Executive Summary

* AIT is the only treatment for respiratory allergy which works
on the causes of allergy and not only on symptoms.

* The first method of AIT was SCIT, followed by SLIT in the
1980s. The two routes of administration are now considered
of comparable efficacy and produce a similar cost-effective-
ness, particularly when the treatment is stopped after appro-
priate duration.

* Some outcomes show difference between SCIT and SLIT,
concerning safety, which is better for SLIT, and treatment
compliance, which favors SCIT.

* The new generation of SLIT tablets has achieved a signifi-
cant advance in quality, that resulted in important accom-
plishments, such as the inclusion in the GINA guidelines as
a therapy for dust-mite induced asthma.
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