Allergen immunotherapy now and in the future
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ABSTRACT

Background: Subcutaneous (SCIT) and sublingual (SLIT) immunotherapy provide effective treatment for allergic rhinitis
and allergic asthma with clinical improvement following an adequate course of therapy persisting in most patients for years
after treatment is discontinued. However, both require prolonged courses of therapy and many or most patients either do not
begin or stop long before they have completed the prescribed course of treatment.

Methods: Based on review of the recent medical literature, the current status of SCIT and SLIT was reviewed as well as new
approaches to allergy immunotherapy (AIT) that have promise to overcome the safety and inconvenience concerns of both the

current approaches.

Results: New approaches to AIT include application of extracts to the skin with patches, injection into inguinal lymph nodes,
alterations in the allergen molecules by chemical treatment or recombinant technology to make them less reactive with specific
IQE, shifting the immune response by stimulation of toll-like receptors or suppression of Th2 responses, and finally by adjuvants

such as probiotics and vitamin D.

Conclusions: Current forms of immunotherapy require years of treatment. New approaches, although differing markedly
in their approach to AIT, all offer marked reduction in the required period of treatment. Hopefully, some of these new approaches
will prove safe and effective and obtain approval for general use. If approved, they should make AIT more widely utilized to the

benefit of the allergic population.

(Allergy Asthma Proc 37:268-272, 2016; doi: 10.2500/aap.2016.37.3966)

Subcutaneous immunotherapy (SCIT) is a long-es-
tablished treatment option in the United States for
allergic rhinitis, allergic asthma, and Hymenoptera
venom sensitivity. Recently, sublingual immunother-
apy (SLIT) using tablets of grass or ragweed extract has
been approved, and, in addition, an increasing number
of allergist/immunologists are treating patients sublin-
gually with the liquid extracts that are approved only
for injection use.! Although the use of SCIT was for a
long time based only on empiric evidence, in recent
decades, quality studies provided scientific evidence to
support these empiric observations® ® (Table 1). Clini-
cal efficacy has been well documented for allergic rhi-
nitis, asthma, Hymenoptera venom sensitivity and,
atopic dermatitis in selected patients.> A number of
double-blind, placebo-controlled studies defined effec-
tive and, in some cases, less effective doses in terms of
the major allergen content.® Several old, but well-con-
ducted studies are reassuring that administration of
multiallergen mixes is effective.> SCIT is accepted as
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modifying the immune mechanisms that underlie al-
lergy, which results in prevention of new sensitization
in patients who are monosensitized* and progression
to asthma in patients with only allergic rhinitis.” Also,
results of studies have demonstrated persisting remis-
sion in the majority of subjects for several years after
completion of 3 to 5 years of treatment.®

Many of these same attributes have been demonstrated
for SLIT (Table 2). Efficacy has been demonstrated for the
same allergic conditions, although SLIT is not currently
recommended for Hymenoptera venom sensitivity.”
Large, multidose studies have defined effective and inef-
fective doses for grass, ragweed, and house-dust mite
tablets.” SCIT has been demonstrated to have the same
disease-modifying properties, including prevention of
progression to multisensitization and asthma, and persis-
tence of clinical improvement for several years after ces-
sation of successful treatment.®

However, there are problems with both SCIT and SLIT
that limit their use to a small percentage of those patients
who might benefit from the treatment (Table 3). Safety is
a concern with SCIT, and here the advantage lies with
SLIT, which is much less apt to cause systemic reactions
and fatalities have not been reported. Particular problems
for SLIT are the lack of defined doses for the liquid
extracts and lack of evidence of efficacy for mixtures of
more than two allergen extracts administered simultane-
ously.” There is only one study that examined adminis-
tration sublingually of a mixture of more than two aller-
gen extracts.” In this study, the same dose of timothy
extract was administered mixed either with saline so-
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Table 1 The present status of subcutaneous
immunotherapy

Table 4 Strategies to reduce the number of
injections and increase the efficacy of AIT

Proven efficacy in allergic rhinitis, allergic asthma,
Hymenoptera venom sensitivity, and atopic
dermatitis in selected patients

Identified effective doses

Effective in multiallergen mixes

Demonstrated prevention of

1. New sensitization in patients who are
monosensitized
2. Progression from rhinitis to asthma
Established duration
Persistence of efficacy after stopping

Table 2 The present status of SLIT

Change to a more efficient route of administration
Increase the dose of allergen by reducing its
allergenicity by
1. Chemical modification (allergoid)
2. Recombinant modification
3. Non-IgE binding peptides
Use of a Thl or Treg promoting TLR ligand
1. CpG oligonucleotides
2. MLP
Suppression of Th2 response
1. Th2-cytokine antagonists
Adjuvants
1. Probiotics
2. Vitamin D

Efficacy with monotherapy for allergic rhinitis and
allergic asthma atopic dermatitis in selected
patients

Appropriate dosing for SLIT tablets for grass,
ragweed, and house-dust mites

Optimal duration

Prevention of

1. New sensitization in individuals who are
monosensitized
2. Progression from rhinitis to asthma
Persistent benefit after stopping
Improved safety in comparison with SCIT

SLIT = sublingual immunotherapy; SCIT = subcutaneous
immunotherapy.

Table 3 Problems with current subcutaneous and
sublingual immunotherapy

Problems with current subcutaneous immunotherapy
Safety
Inconvenience
1. Injections administered in physicians” offices
2. Prolonged duration of therapy (3-5 y)
Poor adherence
Problems with sublingual immunotherapy
Prolonged duration of therapy (3-5 y)
Poorly defined doses for liquid extracts
Lack of demonstrated efficacy for simultaneous
administration of more than two unrelated
extracts
Poor adherence

lution or with nine other unrelated pollen extracts, and
both were compared with placebo. After 10 months of
SLIT, the timothy monotherapy showed significant
production of specific immunoglobulin G4 and an in-
crease in the threshold for both titrated nasal and cu-
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AIT = allergy immunotherapy; CpG = cytosine-phosphate-
guanine; IgE = immunoglobulin E; Th = T helper; Treg =
requlatory T cell; TLR = Toll-like receptor; MLP = mono-
phosphoryl lipid A.

taneous challenges. The same dose of timothy, admin-
istered at the same concentration but mixed with other
pollen extracts, showed significant changes versus pla-
cebo only for the titrated skin-prick test and then to a
markedly less degree than was seen with the mono-
therapy.’

Both SCIT and SLIT require 3-5 years to ensure per-
sisting benefit after stopping treatment, with SCIT having
the added disadvantage that the treatment must be ad-
ministered in a medical facility. It is probably this require-
ment for prolonged treatment that accounts for many
suitable subjects electing not to receive allergy immuno-
therapy (AIT) and for the very high rate of discontinua-
tion before completion of a full course of treatment. In
one study in the Netherlands, 23% of patients prescribed
SCIT and only 7% of patients prescribed SLIT continued
in treatment for 3 years.'” The relative efficacy of SCIT
and SLIT is still a matter of contention, although there
currently is available evidence of somewhat greater effi-
cacy, at least in the first year, for SCIT."!

ALTERNATIVE APPROACHES TO
IMMUNOTHERAPY

There are a number of approaches that are being inves-
tigated to improve AIT (Table 4), which can be placed
into four categories: (1) change in the route of adminis-
tration, (2) modification in the allergen, (3) stimulation of
innate immune responses, and (4) use of an adjuvant.

Epicutaneous and Intralymphatic Administration

Treatment can be made more effective by adminis-
tering the allergen extract to tissue that has a high
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density of antigen-presenting cells and can be safer by
administering to a tissue with a low density of mast
cells and little vascularity.'” These conditions are met
with both epicutaneous and intralymphatic allergen
administration. A group in Switzerland reported the
results of three studies of epicutaneous AIT." Initially,
they administered grass extract by using 12 patches at
1-week intervals, with each patch remaining on for 48
hours. In later studies, they reduced the number of
patches to six at weekly intervals and the duration of
application to 8 hours. Application of each patch was
preceded by repeated stripping of the skin with trans-
parent tape. With this treatment, they demonstrated
reduction of symptoms in two successive grass pollen
seasons without any treatment before the second year.
The adverse effects in the third study consisted of
eczema, with 18% of the patches and 4% of subjects
experiencing mild systemic symptoms.

The same group reported a large, open trial of intra-
lymphatic AIT in which one group received conven-
tional high-dose grass SCIT for 3 years, receiving a
total of >4 million standardized quality of timothy
extract, whereas the other group received three intra-
lymphatic injections each of only 1000 standardized
quality of timothy at 4-week intervals."* The intralym-
phatic injections were well tolerated in regard to dis-
comfort and induced fewer systemic reactions than the
conventional SCIT. After 4 months, the nasal challenge
threshold had increased with the intralymphatic AIT
but not with SCIT, and, after 3 years, there was no
difference between the two groups in nasal allergen
challenge or in any upper or lower respiratory symp-
toms. Subsequently, four smaller but blinded studies
have been reported. Three studies administered the
intralymphatic injections at 4-week intervals and re-
ported positive results.””>"'” One group of investigators
administered the injections at 2-week intervals and
reported no clinical improvement.'®

At present, both of these approaches seem to have
promise. The epicutaneous approach requires only six
weekly patches, five of which are applied by the pa-
tient at home, whereas intralymphatic immunotherapy
involves three lymph node injections at 4-week inter-
vals; both demonstrated persisting benefit for 1 and 3
years, respectively.

Modification of the Allergen by Chemical
Treatment or Recombinant Technology

Chemical modification of allergens by exposure to
formaldehyde or glutaraldehyde to convert them to
allergoids is not a new approach. The treatment alters
the three-dimensional structure of the molecule, which
reduces the ability to react with specific immunoglob-
ulin E but retains the T-lymphocyte epitopes. A num-
ber of allergoids have been marketed in Europe but
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often without published documentation of efficacy. In
fact, an analysis of four of the European allergoids
indicated that both the reactivity with immunogloblin
E and the ability to stimulate T lymphocytes were
similarly reduced by the process."” However, a recent
study of a grass allergoid seemed to overcome these
concerns.” In a double-blind, placebo-controlled study
of 121 patients, the up-dosing required only two visits,
each with two injections at 30 minutes apart, followed
by monthly maintenance injections. This schedule was
accomplished with only one very mild systemic reac-
tion. After 1 year of treatment, symptoms and medica-
tion use during the grass pollen season were reduced
34% and 40%, respectively, compared with placebo.

Recombinant technology allows production of the
major allergens in large amounts. These may be similar
in structure to the naturally occurring protein or there
can be insertions, deletions, multiplication, or splitting
of the molecules. In some cases, component peptides
are derived, which may then be reformed into a mosaic
protein®' or used in a cocktail for treatment.”* An ex-
ample of a modified recombinant allergen is a folding
variation of rBet v 1 that, after seven buildup and three
maintenance doses, reduced symptoms in an environ-
mental exposure chamber by nearly 80% compared
with <20% for placebo.”

Of all the recombinant products, the ones that have
advanced the farthest in clinical development are the
synthetic peptide immune-regulatory epitopes. These
were initially developed as peptides derived from the
major cat allergen Fel d 1.>* The process of develop-
ment included generating a number of Fel d 1-derived
peptides, which represent T-lymphocyte epitopes.
They were then selected for (1) showing binding affin-
ity for 10 commonly expressed human leukocyte anti-
gen-antigen D related molecules, (2) having the ability
to induce proliferation and cytokine secretion from
peripheral blood mononuclear cells of allergic donors,
and (3) showing no reactivity with cat-specific immu-
noglobulin E.** These Fel d 1-derived peptides have
been studied in an environmental chamber where
those subjects who received four weekly intradermal
injections of 6 nmol of peptides showed ~35% protec-
tion after 1 year and, without further treatment, 30%
after 2 years compared with placebo.” A large phase
III study has been completed, and results are antic-
ipated in the spring of 2016. Similar peptide prod-
ucts derived from grass, ragweed, and house-dust
mite allergens are in earlier phases of study.*

Stimulation of Innate Immunity

DNA contains sequences termed CpG that, in mam-
mals, are methylated, but, in bacteria and viruses, they
are nonmethylated. As such, they react with Toll-like
receptor 9 and release cytokines that direct the immune
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response toward regulatory T cells (Treg) and T-helper
(Th) cell type 1 orientation. There are two classes of CpG;
the B type was investigated in the United States as im-
munostimulatory sequences bound to the major allergen
of ragweed, Amb a 1. Initial studies at Johns Hopkins
were impressive, with the clinical response persisting in
the second year after a single course of six injections.””
Subsequent large phase IlI studies did not produce favor-
able results, which resulted in discontinuation of the pro-
gram. The A type CpG cannot be administered alone
because it is rapidly degraded by enzymes that degrade
deoxyribonucleic acids. This problem was overcome by
coating the CpG with a protein coat derived from a
bacteriophage.”® Initial studies were favorable, even
when it was administered without allergen in a series of
seven injections to patients with allergic asthma in a
placebo-controlled study.® However, a subsequent
phase IIb study in patients with moderate-to-severe aller-
gic asthma did not achieve statistically significant results,
so development was discontinued by that manufac-
turer,” although some investigators remain optimistic
about the product.*

There is a line of products that are approved in some
countries in Europe that combine several approaches for
improving AIT. These products use an allergoid of the
extract; adsorb it to tyrosine, which acts as to delay re-
lease from the site of injection; and also add monophos-
phoryl lipid A, a detoxified derivative of gram-negative
bacterial cell walls. The preparation has been adminis-
tered as four injections of increasing amounts at weekly
intervals. A phase III study was conducted in the United
States with the grass preparation in 1028 individuals.’!
The overall benefit over placebo was only 13.4%, al-
though post hoc analyses indicated that individuals with
more severe symptoms or individuals exposed to higher
levels of grass pollen fared better. The response to the
ragweed pollen product was tested in an environmental
exposure chamber.’” The ragweed allergoid adsorbed to
tyrosine produced an improvement of only 6% compared
with placebo, whereas the full product, with monophos-
phoryl lipid A, achieved a 20% improvement. Because
the product has proven to be virtually free of adverse
effects, some subsequent trials have added two addi-
tional injections, the first twice and the second four times
the amount administered in the fourth injections. This has
resulted in a considerably greater clinical response (Tim
Higenbottam, M.D., DSc., Allergy Therapeutics, personal
communication).

Suppression of the Th2 Response

Two approaches have been used to suppress the Th2
response in hopes that this will enhance the response
to conventional SCIT. The first combined an anti-in-
terleukin 4 monoclonal antibody with grass SCIT. Al-
though there was improvement in both arms, there
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was no additional improvement with the addition of
the anti-interleukin 4. The second approach, cur-
rently underway, is to add suppression of thymic stro-
mal lymphopoietin with a monoclonal antibody to con-
ventional SCIT with cat allergen extract (Immune
Tolerance Network, ITN057AD, National Institutes of
Health, Bethesda, MD). The results of this study are not
expected until 2018.

Adjuvants

Substances that may enhance the development of Treg
lymphocytes could enhance the response to conventional
SCIT. A healthy microbiome in infants favors a normal
balance between Th1 and Th2 lymphocytes.>* It is possi-
ble that manipulation of the microbiome with probiotics
in later life would have a similar effect. Studies are un-
derway in this regard, but the results have not yet been
published. Vitamin D has a number of immune-related
actions, including induction of Tregs.>> A study of the
response to AIT in children was analyzed for the effect of
vitamin D serum levels. Those children with normal lev-
els had a significantly better response.’® In a double-
blind, placebo-controlled study in 50 children, the clinical
response to SLIT grass tablets with or without 1000 units
of vitamin D daily was compared.”” After 5 months of
treatment nasal and asthma symptoms during the grass
pollen season were significantly lower in children who
received the supplemental vitamin D compared with
those who received the SLIT tablet alone.

CONCLUSION

The clinical efficacy of SCIT in treating allergic rhinitis,
allergic asthma, and Hymenoptera venom sensitivity is
well established. The appropriate doses of allergen ex-
tracts and the optimal duration of treatment have been
determined in double-blind, placebo-controlled studies.
Adequate courses of treatment led to modification of the
underlying immune responses, which resulted in persist-
ing improvement for a number of years after discontin-
uation. SLIT shares many of these features plus the advan-
tages of far fewer systemic reactions and the convenience of
home administration. However, with SLIT, there are the
unresolved issues of effective dosing with liquid prepa-
rations and the efficacy of administering sublingually
allergen extract mixes. Despite the attractive features of
SCIT and SLIT, many appropriate patients decline treat-
ment or, if they begin, stop long before they have com-
pleted a prescribed course of treatment.

A number of new approaches to AIT are being ac-
tively investigated, with the principal goal being to
shorten the course in some cases down to just three to
six administrations. Among the many approaches,
those that are most promising are epicutaneous admin-
istration by patches; intralymphatic injections; recom-
binant modified allergens, including peptides derived
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from T-lymphocyte epitopes, which simultaneously
stimulate Th1 and/or Treg or suppress Th2 responses;
or administration with adjuvants that stimulate Treg
lymphocytes, such as probiotics or vitamin D.
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