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Abstract

Rationale Subcutaneous and sublingual immunotherapy are effective for allergic rhinitis.
An important question is whether allergen immunotherapy provides a sustained clinical
effect after treatment cessation. In view of potential side effects, cost and the necessary
patient commitment, long-term benefit is an important consideration for the recommen-
dation of immunotherapy over standard pharmacotherapy.

Purpose of review In this review, we analyse the existing evidence for long-term effects of
both routes of administration in the context of double-blind, placebo-controlled, rando-
mised clinical trials that included a follow-up phase of at least 1 year after treatment
cessation.

Recent findings Overall, evidence suggests that 3 years of either subcutaneous or sublin-
gual immunotherapy result in clinical benefit and immunological changes consistent with
allergen-specific tolerance sustained for at least 2-3 years after treatment cessation.
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Summary The data presented here support recommendations in international guidelines
that both routes of administration should be continued for a minimum of 3 years. Gaps in
the evidence remain regarding the long-term efficacy of immunotherapy for perennial

rhinitis and studies performed in children.

Introduction

Allergic rhinitis (AR) is the most common immunolog-
ical disease [1]. It affects up to 30% of people in the USA
[2], 10-15% of children and 26% of adults in the UK
[3e, 4]; the overall prevalence in Europe is about 23%
[4]. AR can cause bothersome symptoms, which may
impair quality of life, productive time at work and
school, sleep quality and reduce involvement in outdoor
activities [2, 5]. Up to 40% of individuals with allergic
rhinitis have or will go on to develop asthma [2, 6].
Standard treatment of allergic rhinitis consists of aller-
gen avoidance and pharmacotherapy which includes the
use of non-sedating oral antihistamines, topical intrana-
sal antihistamines and intranasal corticosteroid sprays.
Combinations of these are often needed, especially for
moderate to severe forms of the disease [1, 2, 5]. When
used appropriately, these medications are generally ef-
fective; nonetheless, these must be repeated when symp-
toms recur as the underlying allergic disease remains
unmodified. Suboptimal responses are often observed
due to poor treatment adherence or inability to tolerate
these drugs [7-9]. Population surveys have reported that
up to a third of children and up to two thirds of adults
have partial or poor relief with pharmacotherapy alone
[10, 11]. When subjects with AR have inadequate re-
sponse to these antiallergic medications or have bother-
some adverse effects, allergen immunotherapy should
be considered [7, 8, 12-14].

Allergen immunotherapy administered subcutane-
ously (SCIT) has been the standard practice to treat AR
whereas the sublingual route (SLIT) has emerged as an
effective and safe alternative [7, 13-15]. Subcutaneous
immunotherapy comprises the repeated administration
of increasing concentrations of the relevant allergen
weekly for 3-5 months followed by monthly mainte-
nance injections [7, 16]. Patients on sublingual immu-
notherapy receive a fixed allergen dose once a day,
which is administered continuously throughout the year

or pre/co-seasonally, depending on the allergen that
triggers the symptoms and the type of allergen extract
used [3e, 7, 17, 18]. Maintenance doses for both subcu-
taneous and sublingual immunotherapy have tradition-
ally been recommended to be continued for at least
3 years [2, 3, 7, 8, 13, 14, 19]. Subcutaneous immuno-
therapy has been shown to be highly effective, especially
for seasonal AR [16, 20], but also for perennial disease
[21, 22]. Subcutaneous immunotherapy may occasion-
ally be associated with allergic systemic effects such that
it has to be administered by trained staff, in the presence
of a physician, in a specialist setting with rapid access to
adrenaline and other resuscitative measures [7, 23]. A
number of well-powered double-blind, placebo-
controlled randomised clinical trials (DBPCRCTs) have
demonstrated that sublingual immunotherapy is an ef-
fective and safe alternative to the subcutaneous route for
seasonal AR and for perennial disease in patients with
house dust mite (HDM) allergy [7, 17, 18, 24, 25, 26¢].
Local side effects are common in patients receiving SLIT
[3e, 7,17, 18, 24, 26¢]. There have been isolated reports
of more severe allergic side effects including anaphylax-
is; however, there have been no fatalities [27].

An important question is whether allergen immuno-
therapy is able to induce clinical and immunological
allergen-specific tolerance, which may be defined as
the persistence of clinical benefits for at least 1-year after
treatment discontinuation, accompanied by altered
antigen-specific T-cell and/or B-cell responses [3e, 28,
29]. In this review, we analyse the available evidence on
the long-term effects of subcutaneous and sublingual
immunotherapy in the context of DBPCRCTs that in-
cluded a follow-up phase of at least 1 year after treat-
ment discontinuation. Three long-term DBPCRCTs of
sublingual immunotherapy [9, 17, 18, 30-33], three of
subcutaneous immunotherapy [34-38] and one of both
sublingual and subcutaneous immunotherapy for
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allergic rhinitis [3¢] are discussed. Additionally, a recent  subcutaneous [39], one of sublingual immunotherapy
1-year DBPCRCT of HDM SLIT with a further 1-year [40e]—for prevention of disease progression to asthma
follow-up phase [26®] and two studies—one of in children are also discussed.

Long-term randomised controlled trials of subcutaneous
immunotherapy for allergic rhinitis

Long-term treatment efficacy has been defined by the EAACI as sustained
clinical benefit that lasts for at least 1 year after immunotherapy discontinua-
tion and short-term treatment efficacy as the clinical benefit to the patient while
they are receiving immunotherapy [13, 41]. A number of studies have aimed to
assess these long-term clinical and immunological benefits of subcutaneous
immunotherapy for allergic rhinitis after its discontinuation [13, 19, 41-43].
However, few studies have assessed efficacy for at least 12 months after cessa-
tion of immunotherapy in the context of randomised, double-blind, placebo-
controlled clinical trials. One long-term DBPCRCT of subcutaneous grass pol-
len [34-36], one of ragweed [37] and one of Parietaria immunotherapy—albeit
double-blind during the first year only— [38] were identified for inclusion in
this review (Table 1).

In a 7-year trial with Phleum pratense, 40 adults with a history of severe SAR
were initially randomised to receive subcutaneous immunotherapy (n=21) or
placebo (1 = 19) over 1 year. Thirty-seven participants completed this phase. After
this period, those on active treatment were invited to continue for a further
3 years, whilst those on placebo were invited to switch to active treatment for
3 years, resulting in 32 participants receiving either 3 or 4 years of immunother-
apy. Thereafter, these remaining participants were randomised in a double-blind
allocation to either continue receiving SCIT (maintenance group, n = 16) or to
receive placebo injections (discontinuation group, n = 16) for the following
3 years. Fifteen matched grass-pollen allergic controls who had never received
immunotherapy were monitored in parallel. The maintenance dose consisted of
monthly injections of 20 nug of Phlp 5 (100,000 SQ-U). Placebo injections were
identical vials of diluent, including aluminium and histamine. Notably, both
symptom and medication scores remained low during the final 3 years, with no
significant differences between participants who continued or discontinued
immunotherapy. Total symptom scores in both immunotherapy groups (main-
tenance and discontinuation) were significantly lower than the matched control
group (median area under the curve [AUC] 921, 504 and 2863, for maintenance,
discontinuation and control groups, respectively) [34-36].

Ariano et al. conducted a randomised, placebo-controlled trial with subcu-
taneous Parietaria judaica and Parietaria officinalis immunotherapy, double-
blinded during the first year. Active treatment consisted of a glutaraldehyde-
modified allergoid [38]. Five hundred micrograms of the modified extract
corresponded to approximately 20,000 AUeq (allergy units equivalent). The
AIT schedule involved a build-up phase of increasing doses (from 1000 to
10,000 AUeq) which were administered weekly, followed by monthly mainte-
nance injections. Twenty-five participants were enrolled (active n = 13, placebo
n=12). After completing 12 months of treatment, the active group continued
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SCIT for a further 2 years and the placebo group was switched to active
treatment for 2 years. A subjective evaluation was conducted 4 years after
completion of the full treatment period. The active group had significant
reductions in symptom and medication scores (SMS) compared with placebo at
1 year of treatment (p = 0.02) (blinded phase). After switching to active SCIT,
participants originally receiving placebo also improved, with reduced SMS
compared to baseline in the following two seasons. Strikingly, when self-
assessment questionnaires were completed a further 4 years after completion of
the treatment period, both groups considered themselves to still be better than
at baseline, with no difference between the group originally randomised to
placebo treatment (and therefore having had only 2 years active treatment) and
the group on active treatment from the start (therefore having received 3 years
active treatment). Clearly, the format of this is less robust than the study by
Durham et al., given the lack of blinding after the first year; however, the failure
to show any difference between 2- and 3-year treatment is notable—suggesting
perhaps that courses of treatment of less than 3 years could also have lasting
effects, at least in the case of Parietaria immunotherapy [38].

Naclerio et al. recruited 20 adults who had received subcutaneous
injections of 12 pug of Amb a 1 (5000 AU) fortnightly for at least 3 years
[37]. Participants were randomised, blinded, either to continue on active
treatment (n=10) or to switch to placebo injections for 1 year (n=10).
Nasal allergen challenges (NACs) were performed before immunother-
apy, at randomisation and 1 year after placebo-controlled treatment.
After the initial 3-year open phase of immunotherapy, nasal challenges
revealed decreases in the number of sneezes in all participants (median
7 to 1; p=0.005). Analysis of nasal fluid showed reductions in TAME-
esterase (p=0.0004), histamine (p=0.008) and kinins (p=0.0004). After
the final additional year of double-blind placebo-controlled treatment,
the clinical and mediator response to NAC remained entirely suppressed
in the group that remained on active treatment. Conversely, the group
on placebo showed a partial recrudescence of response to NAC, with
median number of sneezes increasing from 2 vs 4, and levels of nasal
fluid TAME-esterase, histamine and kinins all increasing compared to
levels seen after 3 years active treatment, albeit not to the same degree
pre-immunotherapy levels. Of note, seasonal symptom scores were no
different between those who remained on active treatment and those on
placebo, although the authors point out that the study may have been
underpowered to detect such a difference if it did exist. It should also be
noted that ragweed-specific IgG antibodies declined following the switch
to placebo injections but not in those who remained on active
treatment.

Together, these three studies [34-38] suggest that a long-term tolero-
genic effect of SCIT can be achieved following 3-year treatment, but that
this effect is not absolute, and might differ depending on allergen used.
Whilst the study of Durham et al [34-36] suggests no additional benefit
in longer courses of treatment, the data on nasal fluid mediators and
clinical response to nasal challenge provided in the study by Naclerio
et al [37] does raise the possibility that the treatment effect may begin
to diminish as early as 1-year off-treatment. However, how well this
mediator data following nasal challenge relates to symptoms on usual



280

Specific Immunotherapy (L Cox, Section Editor)

seasonal exposure is unclear. More detailed mechanistic studies may
allow clearer immunological-clinical correlates to be established.

Long-term randomised controlled trials of sublingual
immunotherapy for allergic rhinitis

Three long-term DBPCRCTs of sublingual grass pollen immunotherapy for
allergic rhinitis were identified for this review [9, 17, 18, 30-33], one using
Phleum pratense tablets [9, 17, 30], one five-grass mix tablets [18, 32, 33] and
one five-grass mix drops [31]. The long-term, posttreatment-discontinuation
outcomes of these studies were broadly similar (Table 2 and Fig. 1).

A 5-year randomised double-blind, placebo-controlled trial, consisting of a
3-year treatment phase followed by a further 2 years of blinded follow-up was
conducted in adults with a history of moderate-to-severe grass pollen-induced
allergic rthinoconjunctivitis [9, 17, 30]. Participants at randomisation were
allocated to receive immunotherapy (1 =316) or matching placebo (n=318).
The treatment was started 16 weeks before the expected start of the first grass
pollen season (year 1), with tablets taken daily for 3 years. Active treatment
consisted of a fast-dissolving grass allergen tablet containing ~ 15 pg major
allergen Phl p 5 (75,000 SQ-T). Two hundred and thirty-eight subjects com-
pleted the 5-year follow-up. Mean symptom scores were reduced by 25 to 36%
in the immunotherapy group compared with placebo over the five consecutive
grass pollen seasons, including during 2 years off-treatment (p < 0.004). Simi-
larly, medication scores were reduced by 20 to 45% (p < 0.022, seasons 1-4; p =
0.114, season 5), and the weighted combined SMS was reduced by 27 to 41% in
the active group throughout the 5-year period (p < 0.003). Efficacy was sup-
ported by improvements in quality of life, global symptom scores and the
allergen-specific antibody response (significant increases in allergen-specific
IgG4) in the active group. No serious safety issues in relation to treatment were
reported. Nonetheless, local application site-related adverse reactions were
described, the most common being oral and ear pruritus, mouth oedema and
throat irritation [9, 17, 30].

A randomised, double-blind, placebo-controlled study evaluated the long-
term efficacy and safety of a five-grass pollen mix of sublingual drops according
to a co-seasonal schedule [31]. Adults and children with ARC were randomly
allocated to receive either sublingual immunotherapy (n = 142) or placebo (n =
67) during three pollen seasons, followed by a further season of blinded follow-
up. SLIT consisted of a mixture of pollen extracts of five grasses (cocksfoot or
orchard, meadow, perennial rye, sweet vernal and timothy) at a concentration
of 300 IR/mL (equivalent to 21 pg/ml of Phl p 5). A 1-day titration was
performed at the estimated start of each pollen season (30-300 IR), followed by
300 IR daily for the duration of each season. The mean treatment duration
ranged from 82 to 93 days across the four seasons. By the third season, median
SMS had decreased by 45% in the active and 15% in the placebo group
compared with baseline values, with significant differences between groups
each year (p=0.043, p=0.040 and p=0.0019, years 1, 2 and 3, respectively).
Scores were still lower in the actively treated group 1 year after discontinuation
(year 4), but statistical significance was narrowly missed (p = 0.052). Symptom
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Fig. 1. Effects of sublingual immunotherapy on combined symptom and medication scores in two 5-year, double-blind, placebo-
controlled, randomised controlled trials. a Five-grass tablet [33]. b Phleum pratense tablet [30].

scores alone, however, were significantly reduced at year 4 in the active-
discontinued group versus placebo (p =0.015). The levels of allergen-specific
IgG, increased significantly in the active group (p < 0.005), but no differences
were observed compared with placebo after immunotherapy withdrawal. No
serious systemic or anaphylactic reactions were observed [31].

The long-term efficacy of a five-grass pollen sublingual tablet was assessed in
adults with grass pollen-induced ARC [18, 32, 33]. Six hundred and thirty-three
adults were randomised to receive placebo (n =219) or sublingual immuno-
therapy 2 (2M) or 4 (4M) months before the expected start of the pollen season
(n=207 and 207, respectively). Treatment was then continued daily through-
out the season for three consecutive years. Study years 4 and 5 were off-
treatment, blinded follow-up. Three hundred and seventy-seven participants
completed the 5-year follow-up (placebo = 133, 2M =117 and 4M = 127). Least
squares (LS) for the mean daily combined score (DCS) was reduced by 16 to
38% in the 4M group compared with placebo during the five pollen seasons
covered by the trial. The daily ARC total symptom score (DRTSS) was reduced
by 11 to 39% and the daily rescue medication score (DRMS) reduced by 23 to
38% in the 4M group compared with placebo. During the first and second off-
treatment years, a statistically significant difference was observed in LS mean
daily combined score in the 4M group compared with placebo (25%, p =
0.0103, and 28%, p = 0.0478, respectively) [ 18, 32, 33].

These three studies provide robust evidence for induction of lasting toler-
ance after 3 years of grass pollen SLIT [9, 17, 18, 30-33]. The failure of the study
by Ott et al [31] to reach statistical significance of the primary
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outcome—combined SMS—1 year after treatment completion (and the failure
to maintain elevated allergen specific IgG4 levels) might relate to the shorter
treatment periods (and therefore lower overall dose), than the other two
studies. This is also consistent with the greater treatment effect seen in the group
receiving 4 months compared to those receiving 2 months pre-seasonal treat-
ment in the study by Didier et al [18, 32, 33].

In addition to the above studies of grass pollen SLIT, a recent study of HDM
sublingual immunotherapy evaluated the persistence of effect 1 year after
completion of treatment [26¢]. Five hundred and nine adults with HDM-
associated allergic rhinitis were randomised to receive placebo (n =170) or
HDM SLIT tablets at doses of 500 IR (n=169) or 300 IR (n = 170) daily for
1 year [26¢]. Eighty-four percent of participants completed the first year and
78% the treatment-free follow-up period. After 12-month treatment, the aver-
age adjusted symptom scores were reduced by 20.2% in the 500 IR group (p =
0.0066) and by 17.9% in the 300 IR group (p = 0.015) compared with placebo.
The effect was maintained during the subsequent immunotherapy-free year
(19.1 and 17%, respectively). Adverse events were mainly local (oral pruritus,
throat irritation and mouth oedema) and were generally mild to moderate in
intensity. No cases of anaphylaxis or epinephrine use were reported [26¢]. This
sustained clinical benefit after just 1 year of treatment raises the question of
whether shorter courses of HDM sublingual immunotherapy may be sufficient
for tolerance, possibly related to continuous environmental exposure to house
dust mites, in contrast to the seasonal exposure with pollen allergens. None-
theless, confirmation in a more prolonged study is needed to establish the
duration of the treatment effect after mite immunotherapy.

The long-term effects of immunotherapy have been also evaluated in the
context of open, non-blinded studies of up to 12-15 years [44, 45]. Although
these and similar studies have shown clinical benefit of immunotherapy
throughout diverse immunotherapy-free follow-up periods and are generally
supportive of long-term benefits after discontinuation, the lack of a blinded
placebo control group limits the weight given to these findings.

Long-term randomised controlled trials of sublingual and
subcutaneous immunotherapy for allergic rhinitis

A three-parallel-group DBPCRCT was conducted to evaluate whether 2 years of
grass pollen sublingual immunotherapy is able to induce persistent effects

1 year after treatment discontinuation in patients with moderate to severe
seasonal allergic rhinitis (Table 3) [3¢]. One hundred and six adults were
randomised to receive either 2 years daily sublingual immunotherapy with a
Phleum pratense tablet (15 pg Phl p 5) plus monthly placebo injections (n = 36)
or monthly Phleum pratense subcutaneous immunotherapy (20 pg Phlp 5) plus
daily placebo tablets (1 = 36) or double-placebo (n = 34), followed by a further
1-year follow-up off-treatment. Nasal allergen challenges were performed at
baseline and at 1, 2 and 3 years. Ninety-two participants completed the 3 years
(87%). At year 2 (on treatment), both treatments were highly effective at
suppressing nasal allergen challenge with a 42% (p<0.01) and 27% (p<0.02)
reduction in the total nasal symptom score for subcutaneous and sublingual
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immunotherapy, respectively. There were corresponding reductions in peak
nasal inspiratory peak flow of 54% (p<0.01) and 45% (p = 0.01), respectively.
The trial was not powered to detect differences between active treatments.
Nonetheless, subcutaneous immunotherapy was more effective than sublingual
immunotherapy in reducing symptoms after nasal allergen challenge at year 1.

One year after completing treatment, allergen-induced total nasal symptom
scores (TNSS) in the sublingual and subcutaneous immunotherapy groups did
not significantly differ from placebo (p = 0.75 and 0.052, respectively). In
contrast, both forms of immunotherapy had significantly smaller early (SLIT
p<0.003; SCIT p<0.001) and late (SLIT and SCIT p <0.001) skin responses
compared to placebo at this stage. Adverse reactions to sublingual immuno-
therapy were generally mild, transient, local oral or upper gastrointestinal
symptoms. Subcutaneous immunotherapy was associated with the expected
rate of systemic reactions, and adrenaline was administered to two participants
who presented with grade III reactions.

This study demonstrated that 2-year treatment was not sufficient for sublin-
gual immunotherapy to achieve an improvement in the allergic response 1 year
after treatment discontinuation, as judged by response to nasal allergen chal-
lenge. Similarly, 2 years of subcutaneous immunotherapy also just failed to
produce clinical tolerance after 1 year off-treatment (p = 0.052) [3e].

Long-term randomised controlled trials of subcutaneous and
sublingual immunotherapy for prevention of progression of
rhinitis to asthma

Long-term prevention has been defined by the EAACI as the protective effect of
allergen immunotherapy against the development of new sensitizations or new
allergic disease which is maintained for two or more years after treatment is
completed [46, 47]. In a large clinical trial, 205 children aged 6 to 14 with
moderate to severe thinoconjunctivitis due to grass and/or birch pollen were
randomised either to receive subcutaneous immunotherapy (n = 102) or to an
open control group (n = 103). All subjects had hay fever symptoms, but none had
persistent asthma symptoms at inclusion. Allergen immunotherapy included a
weekly build-up phase followed by maintenance injections [20 pg of Phl p 5
(grass) or 12 pg of Bet v 1 (birch)| which were given every 6 weeks (+ 2 weeks) for
3 years. Participants in the active group had lower risk of developing asthma 0, 2
and 7 years after subcutaneous immunotherapy discontinuation [OR 95%CI
2.52 (1.3-5.1), 2.68 (1.3-5.7), 4.6 (1.5-13.7), respectively] [39].

Recently, a large, double-blind, placebo-controlled trial that included 812
children aged 5-12 was conducted to determine the long-term effects of a grass
pollen sublingual tablet immunotherapy and the risk of developing asthma
[40e]. Participants with grass pollen allergic rhinoconjunctivitis were rando-
mised to receive sublingual immunotherapy (1 =398) or placebo (n=414)
during 3 years, and then, they were followed up for 2 years after treatment
cessation. Tablets contained 15 pug major allergen Phl p 5 (75,000 SQ-T). The
primary endpoint was time to onset of asthma, measured in days from ran-
domisation. After 5 years, there was no difference in time to onset of asthma
(p=10.667), defined by documented reversible impairment of lung function.



286 Specific Immunotherapy (L Cox, Section Editor)

However, participants in the sublingual immunotherapy group had a reduced
risk of experiencing asthma symptoms or using asthma medication [OR
(95%CI) = 0.66 (0.45-0.97), p<0.036]. The study was powered on an antici-
pated 20% onset of asthma within 5 years for the placebo group. One expla-
nation for the lack of effect on the primary endpoint was the very low preva-
lence of pre-defined asthma (i.e. with reversible impairment of lung function)
for either group (9% in the placebo group). In addition to achieving the
secondary endpoint of reduced asthma symptoms and asthma medication, the
study confirmed the long-term effects of sublingual grass tablet immunother-
apy on rhinoconjunctivitis symptoms in children. More evidence regarding the
effect of immunotherapy in preventing new allergic sensitisations, onset of first
allergic disease, or in the prevention of allergic comorbidities is needed [46, 47].

Discussion

Subcutaneous and sublingual immunotherapies for respiratory allergy are
highly effective and represent the most widely prescribed routes of adminis-
tration [7, 12-15]. An essential question is whether allergen immunotherapy
provides a sustained clinical effect after treatment cessation. Lack of this pro-
longed effect would question the viability of immunotherapy as an alternative
to standard pharmacotherapy due to cost, potential side effects and the time
commitment and inconvenience involved for patients [15, 19, 36].

In this review, we report the findings of randomised controlled trials that
compare the long-term effects of subcutaneous or sublingual immunotherapy
with placebo. The studies on subcutaneous immunotherapy included small
samples of participants per group (n=10-21) [34-38]. Nevertheless, in one
study, it has been shown that 3 to 4 years of treatment result in persistent
improvement in symptoms and reductions in rescue medication use at 3 years
following double-blind withdrawal [34-36]. Further studies with similar design
might help identify key immunological correlates of clinical tolerance and
distinguish these from more transient bystander effects. The two other subcu-
taneous immunotherapy studies discussed here provide some discrepancies in
their results. The study of Parietaria subcutaneous immunotherapy showed the
treatment to be effective over 1 year versus placebo in a double-blind setting;
the rest of the study, however, was unblinded [38]. The relevant finding for our
purposes is that efficacy appeared to be maintained at 4 years after completion
of treatment, irrespective of whether participants had received 2 or 3 years
treatment. Conversely, in the study of ragweed subcutaneous immunotherapy,
the effects of treatment for 3 years were already beginning to wane at 12 months
off-treatment, albeit in the context of nasal allergen challenge outcomes [37].
These discrepancies might be explained by differences in the allergens used, but
more likely by the different study designs—we are inclined to lend more weight
to the outcome of the latter study in this regard. Two studies of grass pollen
allergen immunotherapy tablets administered daily either pre-co-seasonally
[18, 32, 33] or continuously |9, 17, 30] for 3 years gave similar results. In both
studies, there was an approximate 30-40% reduction in symptoms and rescue
medication during 3-year therapy and 20-30% reduction during 2 years off-
treatment when double-blinding was maintained. Three years of sublingual
drops of a five-grass pollen extract also still had a beneficial effect 1 year after
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discontinuation [31]. Local side effects were common but in general well-
tolerated, and there were no serious adverse events reported. The question of
whether perennial treatment over 3 years, as opposed to pre-co-seasonal treat-
ment, induces a more robust (and perhaps longer lasting) clinical tolerance
requires further clarification. The study by Scadding et al. [3¢] demonstrated
that 2 years of continuous sublingual immunotherapy did not provide signif-
icant long-term efficacy after 1 year of treatment discontinuation using nasal
challenge response as the primary outcome. On the other hand, participants
receiving either sublingual or subcutaneous immunotherapy had significantly
reduced early and late skin responses (secondary outcomes) than placebo after
1 year off-treatment [3e]. It may be that 2-year treatment is enough to induce
some lasting immunological changes, but that these are insufficient to maintain
clinical improvement. Additionally, the outcome measures of this study—in the
context of nasal allergen challenge—differ from the symptom-medication
records during seasonal exposure of the other grass pollen studies discussed
above. Nasal challenge may overwhelm any remaining protective effect in a
manner that might not occur during usual seasonal allergen exposure.

Conclusion

Taken together, these trials show that immunotherapy given for periods shorter
than 3 years may be associated with relapse of symptoms after 1 year of
treatment cessation, in contrast with studies in which treatment was given for at
least 3 years [3e, 30, 31, 33, 36]. The finding that just 1 year of HDM SLIT
provided clinical benefit a year after completion of treatment is a notable
exception to this [26e]. Further confirmation and longer term studies are
required. Additional areas for consideration include the role of nasal allergen
challenge and environmental challenge chambers in assessing both short- and
long-term effects of allergen immunotherapy. These direct challenge techniques
have the advantages of providing precise, consistent levels of allergen exposure
and generally do not require such large numbers of participants as natural
exposure studies.

For now, clinicians should therefore be advised to follow established guide-
lines that recommend at least 3 years of allergen immunotherapy in order to
achieve disease modification and long-term clinical and immunological toler-
ance [3e, 12, 13, 48, 49e].

Compliance with ethics guidelines

Conflict of interest

SR Durham has received consultancy fees from manufacturers of allergy vaccines, including ALK Abello
Denmark, Allergy Therapeutics UK, Anergis Switzerland, Asics Biotech Belgium, Biomay Austria, and from
Boehringer Ingelheim Germany and Glaxo Smith Kline UK and lecture fees from Med Update GmBH
Germany. GW Scadding has received lecture fees from ALK Abello Denmark and Glaxo Smith Kline UK.
M Penagos has received personal fees from Stallergenes and ALK outside the submitted work. Aarif O.
Eifan declares that he has no competing interests.



288 Specific Immunotherapy (L Cox, Section Editor)

Human and animal rights and informed consent

This article contains reference to studies of clinical trials and mechanistic studies in human subjects undergoing
allergen immunotherapy that were performed by the authors of this manuscript. All such studies were performed
with approval of the national ethics committee in UK and with the written informed consent of the participants.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and re-
production in any medium, provided you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if changes were made.

References and Recommended Reading

- ]
Papers of particular interest, published recently, have been

highlighted as:

° Of importance

1. Scadding GK, Kariyawasam HH, Scadding G, Mirakian treatment with SQ-standardized grass allergy immu-
R, Buckley RJ, Dixon T, et al. BSACI guideline for the notherapy tablet. J Allergy Clin Immunol.
diagnosis and management of allergic and non-allergic 2010;125:131-8.e1-7.
rhinitis (revised edition 2017; first edition 2007). Clin  10. Meltzer EO, Blaiss MS, Derebery MJ, Mahr TA, Gordon
Exp Allergy. 2017;47:856-89. BR, Sheth KK, et al. Burden of allergic rhinitis: results

2. Wheatley LM, Togias A. Clinical practice. Allergic rhi- from the Pediatric Allergies in America survey. ] Allergy
nitis. N Engl ] Med. 2015;372:456-63. Clin Immunol. 2009;124:543-70.

3. Scadding GW, Calderon MA, Shamji MH, Eifan AO, 11. White P, Smith H, Baker N, Davis W, Frew A. Symptom
Penagos M, Dumitru F, et al. Effect of 2 years of treat- control in patients with hay fever in UK general prac-
ment with sublingual grass pollen immunotherapy on tice: how well are we doing and is there a need for
nasal response to allergen challenge at 3 years among allergen immunotherapy? Clin Exp Allergy.
patients with moderate to severe seasonal allergic rhi- 1998;28:266-70.
nitis: the GRASS randomized clinical trial. JAMA. 12. Cox L, Nelson H, Lockey R, Calabria C, Chacko T,
2017;317:615-25. Finegold I, et al. Allergen immunotherapy: a practice

This study demonstrated that 2 years of either sublingual or parameter third update. J Allergy Clin Immunol.

subcutaneous immunotherapy were insufficient to maintain 2011;127:S1-55.

tolerance to grass pollen nasal challenge at 1 year after treat- 13. Roberts G, Pfaar O, Akdis CA, Ansotegui IJ, Durham

ment discontinuation. SR, Gerth van Wijk R, et al. EAACI guidelines on aller-

4. Bauchau V, Durham SR. Prevalence and rate of diag- gen immunotherapy: allergic rhinoconjunctivitis. Al-
nosis of allergic rhinitis in Europe. Eur Respir J. lergy. 2017;23:765-98. https://doi.org/10.1111/all.
2004;24:758-64. 13317.

5. Greiner AN, Hellings PW, Rotiroti G, Scadding GK. 14. Muraro A, Roberts G, Halken S, Agache A, Angier L,
Allergic rhinitis. Lancet. 2011;378:2112-22. Fernandez-Rivas M, et al. EAACI guidelines on allergen

6. Shaaban R, Zureik M, Soussan D, Neukirch C, Heinrich immunotherapy: executive statement. Allergy.

], Sunyer J, et al. Rhinitis and onset of asthma: a lon- 2018;73:739-43. https://doi.org/10.1111/all.13420.
gitudinal population-based study. Lancet. 15. Cox LS. Sublingual immunotherapy for allergic rhini-
2008;372:1049-57. tis: is 2-year treatment sufficient for long-term benefit?

7. Durham SR, Penagos M. Sublingual or subcutaneous JAMA. 2017;317:591-3.
immunotherapy for allergic rhinitis? J Allergy Clin 16. Frew AJ, Powell R], Corrigan CJ, Durham SR, Group
Immunol. 2016;137:339-349.e10. UIS. Efficacy and safety of specific immunotherapy

8. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens with SQ allergen extract in treatment-resistant seasonal
WJ, Togias A, et al. Allergic Rhinitis and its Impact on allergic rhinoconjunctivitis. J Allergy Clin Immunol.
Asthma (ARIA) 2008 update (in collaboration with the 2006;117:319-25.

World Health Organization, GA(2)LEN and AllerGen).  17. Dahl R, Kapp A, Colombo G, de Monchy JG, Rak S,
Allergy. 2008;63:s8-160. Emminger W, et al. Efficacy and safety of sublingual

9. Durham SR, Emminger W, Kapp A, Colombo G, de immunotherapy with grass allergen tablets for seasonal

Monchy JG, Rak S, et al. Long-term clinical efficacy in allergic rhinoconjunctivitis. J Allergy Clin Immunol.

grass pollen-induced rhinoconjunctivitis after 2006;118:434-40.


http://dx.doi.org/10.1111/all.13317
http://dx.doi.org/10.1111/all.13317
http://dx.doi.org/10.1111/all.13420

Duration of Allergen Immunotherapy for Long-Term Efficacy  Penagos et al.

289

18.

19.

20.

21.

22.

23.

24.

25.

206.0

Didier A, Worm M, Horak F, Sussman G, de Beaumont
O, Le Gall M, et al. Sustained 3-year efficacy of pre- and
coseasonal 5-grass-pollen sublingual immunotherapy
tablets in patients with grass pollen-induced rhino-
conjunctivitis. J Allergy Clin Immunol. 2011;128:559-
66.

Eifan AO, Shamji MH, Durham SR. Long-term clinical
and immunological effects of allergen immunother-
apy. Curr Opin Allergy Clin Immunol. 2011;11:586-
93.

Calderon MA, Alves B, Jacobson M, Hurwitz B, Sheikh
A, Durham S. Allergen injection immunotherapy for
seasonal allergic rhinitis. Cochrane Database Syst Rev.
2007;1:CD001936.

Calderon MA, Penagos M, Lagos M, Garcia-Nunez I,
Carr V, Sheikh A, et al. Allergen injection immuno-
therapy for perennial allergic rhinitis. Cochrane Data-
base of Systematic Reviews. 2018;(2). [Ongoing].
Varney VA, Tabbah K, Mavroleon G, Frew AJ. Useful-
ness of specific immunotherapy in patients with severe
perennial allergic rhinitis induced by house dust mite:
a double-blind, randomized, placebo-controlled trial.
Clin Exp Allergy. 2003;33:1076-82.

Kowalski ML, Ansotegui I, Aberer W, Al-Ahmad M,
Akdis M, Ballmer-Weber BK, et al. Risk and safety
requirements for diagnostic and therapeutic proce-
dures in allergology: World Allergy Organization
Statement. World Allergy Organ J. 2016;9:33.

Demoly P, Emminger W, Rehm D, Backer V, Tom-
merup L, Kleine-Tebbe J. Effective treatment of house
dust mite-induced allergic rhinitis with 2 doses of the
SQ HDM SLIT-tablet: results from a randomized dou-
ble-blind, placebo-controlled phase III trial. J Allergy
Clin Immunol. 2016;137:444-451.e8.

Okamoto Y, Okubo K, Yonekura S, Hashiguchi K, Goto
M, Otsuka T, et al. Efficacy and safety of sublingual
immunotherapy for two seasons in patients with Jap-
anese cedar pollinosis. Int Arch Allergy Immunol.
2015;166:177-88.

Bergmann KC, Demoly P, Worm M, Fokkens WJ, Car-
rillo T, Tabar Al, et al. Efficacy and safety of sublingual
tablets of house dust mite allergen extracts in adults
with allergic rhinitis. J Allergy Clin Immunol.
2014;133:1608-14.e6.

This study demonstrated a persistent treatment effect with
sublingual house dust mite allergen at 1 year after completion
of just 12 months of treatment.

27.

28.

29.

30.

Calderon MA, Simons FE, Malling HJ, Lockey RF,
Moingeon P, Demoly P. Sublingual allergen immuno-
therapy: mode of action and its relationship with the
safety profile. Allergy. 2012;67:302-11.

James LK, Durham SR. Update on mechanisms of al-
lergen injection immunotherapy. Clin Exp Allergy.
2008;38:1074-88.

Larche M, Akdis CA, Valenta R. Immunological mech-
anisms of allergen-specific immunotherapy. Nat Rev
Immunol. 2006;6(10):761-71.

Durham SR, Emminger W, Kapp A, de Monchy JG,
Rak S, Scadding GK, et al. SQ-standardized sublingual

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.e

grass immunotherapy: confirmation of disease mod-
ification 2 years after 3 years of treatment in a ran-
domized trial. J Allergy Clin Immunol.
2012;129:717-25.e5.

Ott H, Sieber ], Brehler R, Folster-Holst R, Kapp A,
Klimek L, et al. Efficacy of grass pollen sublingual
immunotherapy for three consecutive seasons and af-
ter cessation of treatment: the ECRIT study. Allergy.
2009;64:1394-401.

Didier A, Malling HJ, Worm M, Horak F, Sussman G,
Melac M, et al. Post-treatment efficacy of discontinuous
treatment with 300IR 5-grass pollen sublingual tablet
in adults with grass pollen-induced allergic rhinocon-
junctivitis. Clin Exp Allergy. 2013;43:568-77.

Didier A, Malling HJ, Worm M, Horak F, Sussman GL.
Prolonged efficacy of the 300IR 5-grass pollen tablet up
to 2 years after treatment cessation, as measured by a
recommended daily combined score. Clin Transl Al-
lergy. 2015;5:12.

Varney VA, Gaga M, Frew AJ, Aber VR, Kay AB, Durham
SR. Usefulness of immunotherapy in patients with
severe summer hay fever uncontrolled by antiallergic
drugs. BMJ. 1991;302:265-9.

Walker SM, Varney VA, Gaga M, Jacobson MR, Durham
SR. Grass pollen immunotherapy: efficacy and safety
during a 4-year follow-up study. Allergy. 1995;50:405-
13.

Durham SR, Walker SM, Varga EM, Jacobson MR,
O'Brien F, Noble W, et al. Long-term clinical efficacy of
grass-pollen immunotherapy. N Engl ] Med.
1999;341:468-75.

Naclerio RM, Proud D, Moylan B, Balcer S, Freidhoff L,
Kagey-Sobotka A, et al. A double-blind study of the
discontinuation of ragweed immunotherapy. J Allergy
Clin Immunol. 1997;100:293-300.

Ariano R, Kroon AM, Augeri G, Canonica GW, Passa-
lacqua G. Long-term treatment with allergoid immu-
notherapy with Parietaria. Clinical and immunologic
effects in a randomized, controlled trial. Allergy.
1999;54(4):313-9.

Jacobsen L, Niggemann B, Dreborg S, Ferdousi HA,
Halken S, Host A, et al. Specific immunotherapy has
long-term preventive effect of seasonal and perennial
asthma: 10-year follow-up on the PAT study. Allergy.
2007;62(8):943-8.

Valovirta E, Petersen TH, Piotrowska T, Laursen MK,
Andersen JS, Serensen HF, et al. Results from the 5-year
SQ grass sublingual immunotherapy tablet asthma
prevention (GAP) trial in children with grass pollen
allergy. J Allergy Clin Immunol. 2018;141:529-
538.e13.

The most comprehensive study of the effect of allergen
immunotherapy on prevention of the development of asthma.
Although the primary outcome was missed, there were a
number of encouraging results.

41.

Dhami S, Nurmatov U, Arasi S, Khan T, Asaria M,
Zaman H, et al. Allergen immunotherapy for allergic
rhinoconjunctivitis: a systematic review and meta-
analysis. Allergy. 2017;72:1597-631.



290

Specific Immunotherapy (L Cox, Section Editor)

42.

43.

44.

45.

406.

Grammer LC, Shaughnessy MA, Suszko IM, Shaugh-
nessy JJ, Patterson R. Persistence of efficacy after a brief
course of polymerized ragweed allergen: a controlled
study. J Allergy Clin Immunol. 1984;73:484-9.

Song Y, Long J, Wang T, Xie J, Wang M, Tan G. Long-
term efficacy of standardised specific subcutaneous
immunotherapy in children with persistent allergic
rhinitis due to multiple allergens including house dust
mites. ] Laryngol Otol. 2018;132:230-5.

Marogna M, Spadolini I, Massolo A, Canonica GW,
Passalacqua G. Long-lasting effects of sublingual
immunotherapy according to its duration: a 15-year
prospective study. ] Allergy Clin Immunol.
2010;126:969-75.

Eng PA, Borer-Reinhold M, Heijnen IA, Gnehm HP.
Twelve-year follow-up after discontinuation of presea-
sonal grass pollen immunotherapy in childhood. Al-
lergy. 2006;61:198-201.

Kristiansen M, Dhami S, Netuveli G, Halken S, Muraro
A, Roberts G, et al. Allergen immunotherapy for the

47.

48.

49.0

prevention of allergy: a systematic review and meta-
analysis. Pediatr Allergy Immunol. 2017;28:18-29.
Halken S, Larenas-Linnemann D, Roberts G, Calderén
MA, Angier E, Pfaar O, et al. EAACI guidelines on
allergen immunotherapy: prevention of allergy. Pediatr
Allergy Immunol. 2017;28:728-45.

Shamji MH, Durham SR. Mechanisms of allergen
immunotherapy for inhaled allergens and predictive
biomarkers. J Allergy Clin Immunol. 2017;140:1485-
98.

Renand A, Shamji MH, Harris KM, Qin T, Wambre E,
Scadding GW, et al. Synchronous immune alterations
mirror clinical response during allergen immunother-
apy.J Allergy Clin Immunol. 2017;141:1750-1760.el.
https://doi.org/10.1016/j.jaci.2017.09.041.

This study charts the immunological changes associated with
allergen immunotherapy and the effects of treatment with-
drawal, highlighting which immune responses may be most
relevant to the treatment effect and which might be required
for sustained allergen tolerance.


http://dx.doi.org/10.1016/j.jaci.2017.09.041

	Duration of Allergen Immunotherapy for Long-Term Efficacy in Allergic Rhinoconjunctivitis
	Abstract
	Introduction
	Long-term randomised controlled trials of subcutaneous immunotherapy for allergic rhinitis
	Long-term randomised controlled trials of sublingual immunotherapy for allergic rhinitis
	Long-term randomised controlled trials of sublingual and subcutaneous immunotherapy for allergic rhinitis
	Long-term randomised controlled trials of subcutaneous and sublingual immunotherapy for prevention of progression of rhinitis to asthma
	Discussion
	Conclusion
	Compliance with ethics guidelines
	References and Recommended Reading


