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KEY POINTS
 New modalities of allergen immunotherapy may allow effective immunization with shorter
treatment regimens, improved patient compliance, and the potential of safer agents.
 Toll receptors on specific regulatory cells provide a unique pathway to initiate regulatory
pathways capable of down-regulating the untoward allergic diathesis.
 Synthetic peptides offers the ability to immunize allergic subjects with a concise 4-injection intradermal regimen. The smaller peptides are less likely to trigger crosslinking of IgE
on mast cells, thereby minimizing the risk of allergic reactions and anaphylaxis.

OVERVIEW

Allergic rhinitis (AR) is a common clinical condition; both its incidence and prevalence
seem to be increasing in North America, perhaps reflective of population shifts,
climate changes, and genetic susceptibility. Demographic surveys identity up to
20% to 40% of the population as sufferers of AR/conjunctivitis and approximately
8% troubled with asthma.1–4
Allergen immunotherapy (AIT) comes to the forefront in our therapeutic approach
to immunoglobulin E (IgE)–mediated diseases (allergic rhinoconjunctivitis, allergic
asthma, food allergy, venom sensitivity, and possibly even atopic eczema), as it
affords a means of redirecting the untoward immune response, reestablishing immunologic tolerance, and accomplishing long-term clinical remission.
Although effective, current immunotherapy regimens are burdened by tedious treatment regimens that not only negatively impact on patient adherence and compliance
but also serve as barriers to limit access to this form of disease-modifying therapy.
Furthermore, systemic reactions to immunotherapy, although infrequent, can be severe and potentially life threatening.
Thus, there is a recognized need for newer therapeutic agents that improve the
safety of AIT, provide an ease of delivery to patients that fosters compliance and
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allows access to a greater proportion of the allergic population that could benefit from
this disease-modifying treatment, and achieves an acceptable therapeutic benefit for
most patients committing to the course of treatment.
Through the years, various chemical modifications of allergens have been tried in an
attempt to enhance efficacy, improve safety, and foster adherence with AIT. In many
cases, these previous approaches have been viewed as unsuccessful, or only partially
successful, in that the allergenicity and immunogenicity have either decreased, or
increased in tandem, with no resultant efficacy/safety benefit ratio realized. However,
recent clinical trials have led to promising results in immunization approaches with
modified allergens, including immune-stimulatory adjuvants, recombinant allergens,
and T-cell-tolerizing constructs, as well as with alternate routes of delivery, including
oral and sublingual, intralymphatic, and epicutaneous methods, as vehicles for immunization in allergic respiratory disease5–11 (Box 1).
MODIFIED ALLERGEN APPROACHES
Background

Through the years, various groups have attempted to improve AIT through a variety of
techniques through which the allergen is modified. In the 1970s to 1980s, efforts by
Norman and Marsh at Hopkins modified grass and ragweed (RW) allergens by partially
denaturing them in formalin; this led to allergens with markedly reduced allergenicity;
but unfortunately, the immunogenicity of allergoids, as judged by the IgG antibody
response, was also decreased, as was the clinical effectiveness.12,13 Sehon and
Lee attempted to modify and decrease allergenicity by coupling the allergens to a
polyethylene glycol backbone. Again, the result was the same: allergenicity and immunogenicity decreased together.14,15
Box 1
Modified AIT constructs
Injectable immunotherapy approaches
Alum salts (SQ)
Chemical modifications (SQ)
Allergoids/polymerized allergens
Novel adjuvants (SQ; IM)
DNA vaccines
TLR-9 (CpG oligonucleotides) (SQ)
Linked to allergen; cocombined
Nanoparticle-based VLPs
TLR-4 (MPL) (SQ)
Lysosomal plasmids (IM)
Peptides (T-cell epitopes) (ID)
Recombinant allergens (SQ)
Alternate routes for immunization
Sublingual immunotherapy
Intralymphatic
Epicutaneous
Abbreviations: ID, intradermal; IM, intramuscular; MPL, monophosphoryl lipid A; SQ, subcutaneous; VLPs, viral-like particles.
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Then Patterson developed polymerized allergens, wherein a glutaraldehyde-linked
polymerization rendered an allergen product that in animal studies was shown to be
less reactive on immunization but maintained immunogenicity. Studies of allergic patients with polymerized grass and RW allergens demonstrated efficacy and tolerability
in double-blind placebo-controlled clinical trials. However, this project was fraught
with regulatory issues related to standardization of the allergen.16–18
Subsequently, in the mid-90s, Gefter developed synthetic T-cell tolerizing peptides
from cat Fel d 1 and RW Amb a 1. The concept was based on the recognition that specific peptide sequences (epitopes) form the whole allergen and were capable of
inducing what was thought to be anergy or, in fact, tolerance.19,20
In collaborative studies with cat peptides and RW peptides, Norman and colleagues
demonstrated peptide immunization significantly reduced clinical symptoms without
an increased IgG antibody response. Although significant therapeutic results were
observed, the effects were less than that achieved with unmodified AIT; furthermore,
patients experienced late-onset adverse symptoms that mimicked natural allergen
exposure.21–24
During this same time, groundbreaking work demonstrated that bacterial DNA could
have profound effects on the humoral and cellular limbs of the immune system and
that this could be used to advantage to manipulate the immune response to proteins
and, hence, allergens.25–38
Capitalizing on the potential to induce T-cell tolerance with long-term suppression
of the allergic diathesis, Raz and colleagues39–46 demonstrated first, in animal models,
and then in human studies that allergen vaccination with immune-stimulatory DNA
was capable of redirecting the untoward Th2:Th1 allergic diathesis.
These novel approaches are discussed below.
Immunostimulatory Adjuvants
CpG oligonucleotide conjugated to ragweed Amb a 1

An adjuvant approach, developed by Dynavax Technologies, Inc., in which immunestimulatory DNA is conjugated to the principal allergic moiety of RW (Amb a 1) (Amb
a 1–immunostimulatory complex [AIC]; synonymously termed Toll-Like Receptor 9
[TLR-9] vaccine) has been shown to greatly enhance the Amb a 1–specific Th1 immune
response in animals and is capable of diminishing RW-induced pulmonary hyperreactivity in mice. AIC has been shown to be demonstrably less allergenic than unconjugated Amb a 1 or RW extract. This combination of decreased allergenicity and
enhanced Amb a 1–specific immune response with AIC was thought to afford an opportunity to use an allergen modification capable of simultaneously providing improved
clinical efficacy, an enhanced safety profile, and a more convenient dosing regimen.
The basis for enhancement of Th1 response by immune-stimulatory DNA sequences
is derived from the recognition that bacterial DNA induces an immune response
(through its toll-like receptor ligand on plasmacytoid dendritic cells) that is characterized by a potent interleukin (IL)-12 activation of Th1 cells to secrete interferon (IFN)gamma and a much lower level of activation of Th2 cells secreting IL-4 and IL-5.
Initial phase 1-2 safety and dose-ranging studies by Creticos and colleagues47,48 in
the early 2000s demonstrated that the vaccine was well tolerated and induced the expected immunologic changes in humans. In 2006, Creticos and colleagues reported
the proof-of-concept study for this TLR-9 agonist in a 2-year double-blind placebocontrolled clinical study of 25 RW-allergic subjects immunized with a brief 6-injection
regimen (0.06–12.0 mcg AIC; administered before the first RW season only). The mean
peak-season rhinitis symptoms, as measured by a standard visual analog scale (VAS),
were significantly improved in both RW seasons (year 1: 68% [P 5 .006]; year 2: 72%
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[P 5 .02]) in the TLR-9 vaccine group versus Placebo. Similar findings were observed
for the peak-season daily nasal symptom diary scores (year 1: 55% [P 5 .02]; year 2:
53% [P 5 .02]). These data provided consistent evidence that the vaccine conferred
meaningful long-term clinical efficacy, which extended over the 2 RW seasons under
study.49
Furthermore, the vaccine blunted the typical seasonal increase in Amb a 1–specific
IgE antibody in the first RW season and markedly suppressed the IgE antibody titer in
the following RW season, providing evidence for long-term immune tolerance (as
defined by suppression of the allergic antibody, IgE). In addition, a reduction in the
number of IL-4–positive basophils in AIC-treated patients correlated with lower VAS
scores (r 5 0.49; P 5 .03)—an important corollary, as IL-4 is a key cytokine involved
in B-cell class switching to IgE antibody.49
In a separate DBPC Canadian study (n 5 57 RW-AR subjects), a subset (n 5 19)
consented to nasal provocation and biopsy. Tulic and colleagues50 reported that
the 6-week injection course with the TLR-9 vaccine (administered before the first
RW season) modified the nasal inflammatory immune response to allergen challenge
after RW season; the study findings showed that treatment significantly reduced the
increase in nasal eosinophilia (P 5 .02) and IL-4 mRNA-positive cells (P 5 .008), which
was paralleled by an increase in number of IFN-gamma mRNA-positive cells (P 5 .002)
as compared with PL-treated subjects. A positive trend in nasal symptom score
improvement was observed by the second RW season in the vaccine-treated group.
Based on the findings from these clinical studies, Dynavax explored both a higher
immunization dose (30 mg) and a booster regimen (30 mg  2 before the second RW
season). The high-dose phase 1 safety study by Vaishnav and Creticos provided
the safety data needed for the subsequent performance of the first large-scale multicenter clinical trial. Findings from this study also demonstrated a significant decrease
in the late-phase skin test reaction in the AIC-treated group versus PL (P 5 .008), and a
significant increase in both anti-RW and anti-Amb a 1 IgG antibody compared with
baseline and PL (P<.05), with no significant increase in IgE allergic antibody levels,
findings reaffirming the premise that AIC’s mechanism of action involves redirection
of the untoward Th2 inflammatory response.51
The subsequent phase 2/3 multicenter clinical trial of the TLR-9 vaccine (TOLAMBA)
(n 5 462 RW-allergic patients), conducted from 2004 to 2006 and encompassing 2 RW
seasons, was reported at the 2006 American Academy of Allergy, Asthma, and Immunology (AAAAI) annual meeting by Busse. Active-treated patients reported improvement in the defined efficacy end point total nasal symptom scores (TNSS) reported
as change from baseline compared with PL during the peak RW season (treatment
effect: year 1: 21.0% [P 5 .04]; year 2: 28.5% [P 5 .02]). However, subjects in the
booster arm of the study did not achieve significant improvement in their TNSS (treatment effect: 13.5%; P 5 .28). After discussion with regulatory authorities, Dynavax
commenced to undertake a second DBPC multicenter phase 2/3 clinical trial.52
In 2007, Dynavax announced that their second large-scale 2-year multicenter trial
with the TLR-9 vaccine (n 5 716 patients) was being halted after the first year based
on their preliminary analyses of the 1-year data, which unfortunately showed that the
TNSS in the overall study population provided an insufficient level of symptoms that
could be ascribed to ragweed in the enrolled patients, thus making it impossible to
demonstrate a meaningful therapeutic effect between the active arms and the PLtreated group, if the study were to continue.53
In 2008, the company reported the findings from their Canadian environmental
exposure chamber (EEC) study (n 5 253 patients) in which, although a measureable
clinical effect on TNSS (in the chamber) was observed, the primary end point did
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not achieve statistical significance (treatment effect [intention to treat]: 41% vs PL;
P 5 .09).54
Based on the company’s concerns about the subjective nature of assessing efficacy
by symptom scores, Dynavax decided to discontinue their clinical development program for the RW allergy vaccine program. However, the company continues to pursue
its TLR-9 agonist program in hepatitis and cancer, its collaborative TLR agonist program in asthma and COPD with AstraZeneca, and its collaborative ventures with
GlaxoSmithKline in autoimmune diseases.
Monophosphoryl lipid A adjuvant

Another novel toll-like receptor vaccine under development for North America is
Allergy Therapeutics’ TLR-4 adjuvant (Pollenex Quattro). This compound is a novel
therapeutic extract wherein the native allergen (eg, grass; RW) is modified in 3 ways
to achieve a safe and effective immune-modifying vaccine: it capitalizes on adsorbing
a glutaraldehyde-modified allergoid (chemical modification that reduces the allergen’s
inherent IgE reactivity but preserves its immunogenicity) onto an L-tyrosine absorbent
(to enhance slow-release kinetics), combined with the immunostimulatory adjuvant
(monophosphoryl lipid A [MPL]). MPL is derived from detoxified lipopolysaccharide
(originating from gram negative bacterium Salmonella minnesota), a Th1–inducing
adjuvant. The clinical trials have demonstrated clinical efficacy with an ultrashort
4-injection preseason regimen.55–59
Their major DBPC randomized multicenter grass study conducted in 84 centers in
North America, the United Kingdom, and Austria (1028 patients; aged 18–59 years)
compared grass modified allergen tyrosine adsorbate–MPL (MATA-MPL) (n 5 514)
with placebo (n 5 514). The vaccine-treated patients reported significant improvement
(reduction) in their symptom and medication usage scores as compared with the PLtreated group on analysis of their electronic diary-recorded data over the 4 peak
weeks of the 2007 grass pollen season (difference between MATA-MPL versus PL
in mean combined symptom medication score: 13.6%; P 5 .0038). Subgroup analysis
provided evidence for a greater benefit in patients with more severe symptoms
(16.6%; P 5 .0023), sites with higher allergen burden (31%; P<.0001), and European
subjects (27.4%; P 5 .0341). Serum grass-specific IgG increased 6.5-fold from baseline in the MATA-MPL-treated patients and was significantly elevated versus PL
(P<.001). Overall, the treatment was well tolerated (Treatment-Related Adverse Events
leading to dropout: 2.5% vs 0.4% PL); 92% of subjects completed the study. The
most commonly reported adverse events (AEs) were injection site reactions, and there
was the occurrence of one severe systemic reaction (generalized erythema in an
MATA-MPL subject). However, after treatment, one study subject was reported to
have developed transverse myelitis (>4 weeks after the final MATA-MPL injection)
(see clinical hold notation). Of note, the 95.7% compliance attests to the patients’ willingness to adhere to a short (3–4 weeks) 4-injection regimen.58
A parallel randomized DBPC multicenter RW clinical study was also initiated in
North America in 2007; however, because of a subsequent clinical hold (now lifted),
this trial only had 381 of the planned 993 subjects receive all 4 study injections.
Even so, a clinical effect was observed in the primary end point for the RW MATAMPL–treated group versus PL (12%; P<.05).59
More recently, in 2013, Allergy Therapeutics published their Canadian EEC study
with their MPL adjuvant. This allergen preparation contains a glutaraldehydemodified RW allergoid absorbed onto tyrosine combined with the aforementioned
immune-stimulatory adjuvant (MPL) derived from gram-negative bacterium (Salmonella minnesota).
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RW allergic subjects (n 5 228 adults) were randomized in a double-blind placebocontrolled fashion to either active therapy (MATA-MPL, administered in 4 weekly injections) or placebo. Controlled RW pollen exposure (3500 500 pollen grains per cubic
meter) in the EEC was performed at baseline (before treatment) and again at 3 weeks
after the completion of treatment.
Study subjects that received the MPL-adjuvant vaccine showed a relative mean
improvement in their total symptom scores (TSS) (48%; P<.05). The 4-injection
regimen was well tolerated, and no serious AEs (SAEs) occurred in the study; nonetheless, 94.7% of the subjects in the MPL-adjuvant group and 67.7% in the placebo
group reported AEs. The difference between the active and placebo groups was significant but mainly due to injection-site reactions of swelling (77% vs 16%), pruritus
(80% vs 5%), pain (60% vs 33%), and warmth (27% vs 2%).60
The company markets in Europe a dust mite (DM) allergoid product in which purified
allergens from Dermatophagoides pteronyssinus are modified through treatment with
glutaraldehyde and combined with the L-tyrosine absorbent for the treatment of
perennial mite allergy. In a clinical trial comparing the safety and efficacy of conventional (administered over 3 weeks) versus clustered dosing of the DM allergoid in 30
adult patients with persistent perennial AR, no AEs were recorded. Improvements in
nasal challenge symptom scores and nasal peak inspiratory flow and an increase in
IgG4-specific antibody were observed. In a 1-year follow-up study reported at the
2015 European Academy of Allergy and Clinical Immunology (EAACI)–Barcelona
meeting, investigators reported a 50% reduction (improvement) in symptom scores
on the nasal challenge, a sustained increase in IgG4, and a treatment-induced
IL-10, a recognized marker of clinical tolerance.61,62 Based on these findings, the
company is also focused on development of an ultrashort course DM allergoid incorporating the MPL adjuvant.
Nanoparticle-based immunomodulation with viral-like particles

Cytos Biotechnology Ltd has focused on a nanoparticle-based immunomodulator.
Their construct uses viral-like particles (VLPs) to deliver synthetic cytosine deoxynucleotide phosphorylated to guanine deoxynucleotide (CpG) oligonucleotide (G10) contained in a bacteriophage Qb capsid VLP admixed to allergen (eg, house dust mite
[HDM]) or administered independent of allergen (TLR-9 agonist alone).63
In an initial safety and dose-ranging study, Kundig and colleagues64 studied a VLP
construct in which allergen (a synthetic 16 amino acid sequence of Der p 1) was
incorporated into a VLP derived from bacteriophage, Qbeta (QB) (QB-Der p 1).
This study assessed 24 healthy volunteers who were randomly assigned to varying
dosing regimens (10 vs 50 mcg) and routes of immunization (intramuscular [IM] vs
subcutaneous [SQ]). The QB-Der p 1 vaccine was well tolerated in this singleinjection study design, and no SAEs or systemic reactions were observed. The
50-mcg single dose, regardless of route of administration, was more efficient at
generating an IgG antibody titer (1:2000); this robust B-cell response in humans is
consistent with the observations made by the group in mice. The study demonstrated that a VLP could be used as a carrier to efficiently deliver allergen to antigen-presenting cells (APCs), inducing high titers of antibody without requiring the
use of an adjuvant.64
This study was followed by an open-label study by Senti and colleagues65 in which 20
HDM-allergic adult volunteers were immunized with QB-Der p 1 to which the CpG oligonucleotide (G10) was admixed. The treatment regimen used a dose-escalating cluster
schedule that led to a fixed 6 SQ injection regimen administered at 1- to 2-week intervals. The QbG10 adjuvant was well tolerated, abrogated the response to allergen
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challenge in the CPT, significantly attenuated both rhinoconjunctivitis and asthma
symptoms, and demonstrated expected shifts in IgG antibody and skin test reactivity.65
In 2011, Klimek and colleagues66 reported the findings from a phase 2b clinical trial
of the TLR-9 agonist construct in which 299 patients with perennial HDM allergy were
randomized in a double-blind placebo-controlled fashion to 2 different dosing regimens of the QbG10 adjuvant (6 weekly SQ injections of either 0.5 or 1.0 mg
CYT003-QbG10) or placebo.
The clinical study findings demonstrated that the higher-dose vaccine regimen
improved rhinoconjunctivitis symptom medication scores (0.31 vs 0.52; P 5 .04 vs
placebo), positively shifted conjunctival provocation (10-fold increase in allergen tolerance), and was generally well tolerated. However, although no drug-related SAEs were
reported, 16 patients discontinued the study (8 because of AEs, of which 6 were
defined as treatment-related AEs).66
Based on subsequent data that demonstrated that QbG10 acted through an
allergen-independent mechanism of action and that combination with an allergen
did not result in any benefit over allergen alone, Cytos halted work in AR and instead
focused on pursuing persistent allergic asthma requiring long-term treatment with
inhaled corticosteroids (ICS).
In 2013, Cytos reported the midstage results with their CYT003-QbG10 compound in
a small phase 2a asthma study (n 5 63). They reported that treatment resulted in maintained asthma control and pulmonary function in patients with Global Initiative for
Asthma (GINA)-defined persistent asthma even with the reduction in ICS in the stepdown phase of the study.67
However, in April 2014, the company reported that their larger phase 2b asthma
study (n 5 360 patients with moderate to severe persistent allergic asthma) did not
meet its primary end point. Specifically, the study was not able to show clinically relevant improvement in asthmatic patients treated with CYT003-QbG10 versus PL for the
primary end point of the study (improvement in the Asthma Control Questionnaire
score at week 12 of therapy). Of note, a confounding observation was that a clinical
improvement was observed in PL and all dose levels of the investigational drug.
Furthermore, additional secondary end points, including pulmonary function, likewise
failed to show a significant difference versus PL.68
Following this setback, Cytos announced that they had terminated the 1-year study
and have halted further development of the program.
Lysosomal-associated membrane protein

Immunomic (ITI) has focused on developing a novel vaccine that acts through the
innate immune system to achieve immune modulation. The concept takes advantage
of lysosomal processing of antigens with major histocompatibility complex (MHC)
class II presentation thereby promoting an efficient means of upregulating the innate
immune system through a glycoprotein found on the lysosomal membrane (lysosomal-associated membrane protein [LAMP]).
Animal studies provide evidence that in the presence of modified allergen (eg,
bacterial DNA encoded into the lysosome), natural killer cells are primed to secrete
IFN-gamma, which acts on DCs to secrete IL-12 and IFN-gamma through a T-box
transcription factor (T-bet)–mediated process that favorably orients the immune
response to Th1 differentiation with attenuation of the Th2 inflammatory profile.
Initial studies in Japanese red cedar (JRC)–allergic subjects have demonstrated that
a 4 IM injection regimen with the LAMP construct (CrJ2 nucleotide sequence from JRC
inserted into LAMP) was well tolerated and resulted in induction of allergen-specific
IgG to JRC; suppression and subsequent elimination of skin test reactivity to JRC,
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mountain cedar, and Cry 12; and conversion of skin test–positive subjects to nonreactors (skin test negative).69–71
Further phase 2 studies are underway.
Synthetic Peptides
T-cell–tolerizing peptides

As noted, initial studies carried out by Gefter and colleagues in the mid-1990s provided evidence that synthetic T-cell-tolerizing peptides could be used to suppress
IgE-mediated allergic diseases, such as AR and asthma, through induction of immune
tolerance. Their laboratory developed both cat (two 27 amino acid peptides derived
from Fel d 1) and RW (short amino acid sequences derived from Amb a 1) T-cell–tolerizing peptides.20
Subsequent collaborative studies with Norman and colleagues at Johns Hopkins
and Mass General used a cat-room challenge model to demonstrate that varying
doses of SQ-injected cat peptides could improve clinical symptoms on natural catroom exposures.21,22 Creticos and colleagues undertook 2 large multicenter trials
with varying doses and dosing regimens with the RW peptide vaccine, which provided
evidence for modest clinical improvement but reduced the need for rescue medication
to relieve breakthrough nasal symptoms in the RW season.23,24
However, these first-generation peptides did not achieve the expected degree of
clinical benefit and, perhaps because the peptides were too large or given in high
SQ doses, were observed to induce delayed-onset AEs, such as chest tightness.
This developmental program was terminated in the late 1990s.
Synthetic peptide immunoregulatory epitopes

A new class of synthetic peptides, termed synthetic peptide immunoregulatory epitopes (SPIREs) emanated from the laboratories of Barry Kay and Mark Larché at
Imperial College in London.
These synthetic T-cell–tolerizing peptides were designed as smaller peptide units
(eg, cat: 7 peptides, 13–17 amino acids in length), are assembled from different
T-cell epitopes, are administered in much smaller quantities than the Gefter’s laboratory’s molecules (75 mg vs 750 mg), and are administered intradermally, thereby more
efficiently interacting with resident antigen-presenting cells. Following acquisition of
the technology from Imperial College, Circassia Ltd has further refined the formulation
of these peptides to prevent dimer formation and, hence, preserve bioactivity of the
peptides.
These novel immunoregulatory peptides are designed to induce immunologic tolerance by binding to MHC class II molecules on antigen-presenting cells, thereby
inducing the upregulation of regulatory T cells. The smaller size of these synthetic peptides is an inherent advantage, as the peptides should be of insufficient length to
trigger cross-linking of IgE on mast cells and basophils, thus significantly reducing
the risk of IgE-mediated allergic reactions and anaphylaxis.72–80
CAT–SYNTHETIC PEPTIDE IMMUNOREGULATORY EPITOPES

The lead compound for Circassia is their Cat-SPIRE construct. It consists of 7 separate small peptides (13–17 AA in length) derived from Fel d 1, the major cat allergenic
moiety. After reconstitution, it is administered as a series of 4 intradermal (ID) injections into the dermis.
The selection of peptides in Cat-SPIRE was defined based on MHC class II binding
studies in conjunction with T-cell proliferation and histamine release assays performed
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on ex vivo blood samples from cat allergic volunteers. The T-cell proliferative responses to an internal standard allergen extract of cat dander and Cat-SPIRE were
closely correlated and provided confirmatory evidence that most of the T-cell reactivity to cat dander could be ascribed to the 7 synthetic peptide epitopes selected
for Cat-SPIRE. As further evidence for an optimal peptide mix, the peptides induced
in vitro IL-10 release from peripheral blood mononuclear cells in greater than 90%
of cat-allergic subjects.
The peptide construct’s IgE-binding activity was evaluated through performance of
basophil histamine release assays on whole blood from cat-allergic individuals. These
assays affirmed that Cat-SPIRE had significantly less capability than whole allergen to
cross-link IgE and induce histamine release.72–80
The antiinflammatory properties ascribed to the cat peptides are most well defined
in a study of transgenic mice by Campbell and colleagues76 in which treatment with a
single peptide in Cat-SPIRE resulted in reductions in bronchoalveolar lavage total cells
and eosinophils, reductions in pulmonary and systemic TH2 inflammatory cytokines,
reduced recruitment of TH2 inflammatory cells to the lungs, and reduced proliferative
responses to cat Fel d 1.
Furthermore, administration of an anti–IL-10 monoclonal antibody (immediately
after treatment with the peptide) blocked these effects, thereby emphasizing the
potential critical regulatory interaction between the T-cell–tolerizing peptide and
IL-10, a critical cytokine in the underlying mechanism of action ascribed to SPIREs
for reestablishment of immune tolerance.76
Cat–Synthetic Peptide Immunoregulatory Epitopes Clinical Studies
Phase 1/2a safety and efficacy trial

In 2011, Worm and colleagues78 published their initial safety and efficacy findings on
the cat Fel d 1 peptide. Eighty-eight volunteers were randomized to (single-dose)
escalating ID injections or to SQ injections of the peptide. The primary end point for
the study was safety and tolerability. The Cat-SPIRE construct was well tolerated in
doses up to 12 nmol (ID) and 20 nmol (SQ) (the ID dose was equivalent to 150 mcg
of Fel d 1). No SAEs were observed, and no subject withdrew from the study because
of an AE. The study also assessed the effect of the drug on the late-phase skin test
response, a recognized surrogate clinical end point for efficacy of immunotherapy;
although not statistically significant, the 3-nmol ID peptide dose resulted in a 40%
reduction in the late phase skin response (vs 10% for placebo). This initial study
demonstrated that the cat-peptide could be administered at an effective dose that
might obviate the buildup phase required for Subcutaneous immunotherapy.
Phase 2b environmental chamber study

The phase 2 dose-ranging studies with Cat-SPIRE were performed using an EEC methodology, as this model provides a controlled setting in which to evaluate AIT. As such, it
avoids many of the pitfalls that can plague natural field trials (eg, weather change, outdoor pollution, exposure to confounding allergens). Furthermore, in a chamber setting,
it is possible to expose patients to predefined allergen levels that are known to cause
symptoms of sufficient severity to allow assessment of drug effect.
In the study design, subjects had a baseline EEC challenge that consisted of 4
consecutive days on which patients were exposed for 3 hours each day in the chamber. The subjects returned at 18 to 22 weeks after the start of treatment and underwent
a repeat 4-day chamber challenge. The primary end point for the study was the Total
Rhinitis Symptom Score (TRSS) (defined as the difference in TRSS at each time point
on each day between baseline and posttreatment challenge).
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One hundred twenty-one (121) subjects who met a qualifying threshold symptom
score were randomized to one of 4 treatment arms or placebo: (1) 3 nmol  4 ID injections, 2 weeks apart; (2) 6 nmol  4 ID injections, 2 weeks apart; (3) 3 nmol  4
ID injections, 4 weeks apart; (4) 3 nmol  8 ID injections, 2 weeks apart; (5)
placebo  8 ID injections.
Dosing over 12 to 14 weeks, as opposed to 6 weeks, demonstrated a greater shift in
the TRSS. Subgroup analysis showed that those patients who received 8 ID injections
of 3 nmol of peptide 2 weeks apart had the greatest reduction in TRSS (reduction of
symptoms versus baseline: 4.8 points versus PL: 3.1 points [P<.05]). Although not
significant, the 6-nmol dose showed a magnitude of improvement that was superior
to the 3-nmol dose. An interesting corollary was that improvement in clinical scores
was greater on later challenge days, whereas scores in the placebo group remained
largely unchanged; this would be consistent with the findings from the late phase
skin response in the Worm study.78
No SAEs were observed with any of the 4 treatment regimens, and respiratory system treatment-emergent AEs (TEAEs) occurred at a low frequency in all groups, with
no difference between active groups or placebo.81,82
This EEC study provided preliminary evidence that a sustained treatment effect
could be achieved with Cat-SPIRE. The positive effect observed in the EEC at 18 to
22 weeks is consistent with the cat-room exposure study by Norman and colleagues,21 which showed a stronger effect at approximately 26 weeks than at any
earlier time point.
Phase 2b Cat–synthetic peptide immunoregulatory epitopes environmental exposure chamber trial with 1-year follow-up
The focus of the study by Patel and colleagues83 was to further explore whether a
persistent treatment effect could be achieved with Cat-SPIRE in patients with catinduced AR.
This randomized DBPC trial used the same baseline challenge methodology as the
earlier cited study and had patients undergo the cat-allergen challenge in the EEC at
18 to 22 weeks and at 50 to 54 weeks after the start of treatment. The primary end
point was defined as the change in TRSS (posttreatment vs baseline EEC challenges)
at 1 to 3 hours on days 2 to 4 in the chamber.
A total of 202 cat-allergic patients were randomize to (1) 4 ID doses of 6-nmol cat
peptide, 4 weeks apart (n 5 66); (2) 8 ID doses of 3-nmol cat peptide, 2 weeks apart
(n 5 67); or (3) placebo (n 5 69).
At the 18- to 22-week chamber challenge, a distinct treatment effect was observed
on all chamber exposure challenge days in the nonasthmatic (per protocol) population
with the 6 nmol  4 ID injections, 4-weeks-apart regimen of Cat-SPIRE versus placebo
(median change: 5.77 versus 3.67; mean change: 5.56 versus 3.52; Least
square means change: 5.52 versus 3.56; [P value (analysis of covariance) 5 .05]).
The treatment was well tolerated.
In phase 2 of this clinical trial, patients were reconsented to continue in the study
and undergo a repeat chamber exposure to cat at 1-year (50–54 weeks). Treatment
with Cat-SPIRE was shown to provide a treatment effect that persisted at 1 year after
the start of treatment compared with placebo (6 nmol  4 ID injections, 4 weeks apart
versus 3 nmol  8 ID injections, 2 weeks apart [P 5 .0342]; 6 nmol  4 ID injections,
4 weeks apart versus placebo [P 5 .0104]). Furthermore, the effect on the TRSS at the
1-year challenge was heightened in comparison with the changes observed at the
phase 1 (18–22 week) challenge (Fig. 1).
A distinct treatment effect was observed at all time points after 1 hour on days 2 to 4 in
EEC at the 50- to 54-week challenge in the nonasthmatic population for the 6 nmol  4

Allergen Immunotherapy

Fig. 1. Delta changes in total rhinoconjunctivitis symptom scores for the treatment effect observed with cat-SPIRE in the environmental exposure
chamber. (From Creticos PS. Advances in synthetic peptide immuno-regulatory epitopes. World allergy Organ J 2014;7:30.)
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dose regimen versus placebo. Furthermore, the clinical effects were similar when
assessing all patients (including patients with asthma) with the 6 nmol  4 dose regimen
versus placebo.
An important corollary from this work is that the mean level of airborne Fel d 1
allergen content in the EEC (48 ng/m3) is within the range reported in homes
with cats (10–200 ng/m3); hence, the EEC unit provides a real-world assessment of
the disease. Furthermore, the improvement in TRSS with Cat-SPIRE in the EEC
(w4 units change) compares favorably with allergen chamber studies of sublingual
immunotherapy cat allergy drops (1.6 units change) and a chamber study of the antihistamine fexofenadine, 180 mg (1.3 units change).79
Another important outcome from this study was the finding that no significant
changes in cat-specific IgE levels were observed after the 1-year follow-up visit for
any of the treatment regimens when compared with the baseline EEC visit. This finding
is reassuring based on the premise that the peptides should be of insufficient size to
cross-link IgE on mast cells and basophils.
In these trials, Cat-SPIRE was reasonably well tolerated. Of note, there were no
asthma-related SAEs in the asthmatic subset of patients. Most of the TEAEs were
mild in severity, and no TEAEs were rated as severe on patient diaries. Six subjects
dropped out of the study because of a TEAE; except for one patient who experienced
a hypersensitivity reaction to the drug, none of the other patient withdrawals were assesses as study drug related.
With respect to respiratory TEAEs, there were no reductions in forced expiratory
volume in the first second of expiration greater than 30% (the prospectively
defined cutoff in the study). Three study patients who received (6 nmol) peptide
experienced an episode of dyspnea, bronchospasm, or asthma, whereas 14 subjects
who received 3 nmol and 11 subjects who received placebo reported similar
symptoms.83
These data from the 1-year follow-up study demonstrate a persistence of effect with
the initial 4-injection peptide treatment regimen. The findings from this study extended
the observations made in the earlier EEC clinical trial and provide evidence that a longlasting effect on symptoms can be achieved through immunization with Cat-SPIRE in
cat-allergic individuals.
Phase 2b Cat–synthetic peptide immunoregulatory epitopes clinical trial: 2-year
environmental exposure chamber follow-up

Of the 86 patients who completed all visits at the 1-year follow-up trial with Cat-SPIRE,
51 agreed to reconsent, remain blinded, and enroll in the 2-year follow-up study. No
further treatment was administered to study patients.
Study patients underwent repeat chamber challenge at the 2-year time point
(102–106 weeks) with the same protocol challenge methodology (4 consecutive
days of 3-hour allergen exposures in the EEC).
A sustained improvement in mean TRSS (from baseline) was observed for the patient group who received 6 nmol ( 5.87) versus the 3-nmol group ( 3.05) versus
the placebo group ( 2.02) at the 2-year (102–106 weeks) posttreatment challenge.
Although this positive trend did not reach significance for the primary end point
(P 5 .13), a statistically significant difference was observed for the prespecified secondary end point that assessed effect at the time point when the cumulative allergen
challenge was greatest (day 4, third hour) (P 5 .02).84
The third-year posttreatment data presented at the EAACI 2015 meeting provided
evidence for persistence of the treatment effect in the subgroup of patients with higher
baseline symptoms and in which the 6-nmol dose had been administered.85
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The encouraging findings from these EEC studies provided the basis for undertaking
the first large-scale clinical trial with Cat-SPIRE in patients who live with cats in their
home environment. This global study is currently ongoing, and clinical trial results
should be available within 1 to 2 years.
Other Peptide Constructs

Circassia also has ongoing clinical trials with peptide constructs of grass, RW, and
house DM in various stages of clinical development. The initial trials have again
focused on the environmental chamber model to ascertain efficacy and safety in a
controlled setting.80,86–88
Summary

The work by Durham and colleagues89 with SCIT in which a 3-year course of immunotherapy with a modified standardized grass extract can induce sustained benefit,
serves as the benchmark for new immunotherapy constructs. The potential for synthetic peptide immune-regulatory epitopes to achieve long-lasting clinical benefit,
safely and with a concise treatment regimen, is certainly a desired goal in AIT.
OVERLAPPING PEPTIDES

Anergis uses its technology of contiguous overlapping peptides (COP) for the development of allergy vaccines. Products based on COP reproduce the complete amino
acid sequence of the allergen in separate synthetic long peptides, designed to provide
the complete allergen sequence covering all T-cell epitopes, but to not cross-react
with IgE, and thereby avoid the early phase response. The objective is ultrafast allergy
desensitization after only 2 months of treatment.90,91
In 2014, Spertini reported data from a phase 2b study for AllerT, a birch pollen
allergy vaccine candidate. In this placebo-controlled, double-blind, randomized multicenter trial, a total of 239 subjects were divided into 3 groups (placebo, AllerT 50 mg,
and AllerT 100 mg, respectively). From November 2012 to March 2013, the subjects
received 5 injections over a period of 2 months as a preseasonal treatment. During
the subsequent 2013 birch pollen season, compared with the placebo group, the combined Rhinoconjunctivitis Symptom and Medication Score (RSMS, primary end point)
was reduced by 30% (P 5 .024, statistically significant) with AllerT 50 mg and by 19%
(P 5 .190; NS) with AllerT 100 mg. Both AllerT doses were associated with similar statistically significant improvements in the total score of the Rhinoconjunctivitis Quality
of Life Questionnaire (Mini-RQLQ) and in the rhinoconjunctivitis symptom score
throughout the birch pollen season.92
Previous data showed that both AllerT doses induced highly significant increases
in anti-Bet v 1 IgG4 antibody (w20-fold; P<.0001) versus PL in season 1. In the
2014 trial, the sustained efficacy of AllerT was assessed in the same group of
birch-allergic study patients during a second follow-up season without additional
treatment. Study results showed persistence of the anti-Bet v 1 IgG4 antibody
biomarker, which was accompanied by sustained improvement in clinical parameters of efficacy (RSMS; Mini-RQLQ; nighttime nasal symptom score). These immunologic data provide the first observation that antibody responses to a peptide
epitope could be distinguished from natural allergen. As a corollary, no significant
difference was observed in Bet v 1–specific IgE levels between active-treated and
PL patients. AllerT was safe and well tolerated throughout the 2-month preseasonal
treatment.93,94
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Intralymphatic Immunotherapy

Another intriguing approach to immunization of allergic patients is that of intralymphatic injection (ILIT) of the allergen, which was being developed by Imvision Therapeutics. The premise was based on animal and human investigations which have
demonstrated that RNA, DNA, oligopeptides, proteins, and adjuvants can be delivered
directly to the regional lymph nodes where they are capable of strongly enhancing
immune responses.11,95–98
With respect to allergic conditions, ILIT has been investigated in studies of seasonal
allergic conditions (birch and grass) and cat allergy. Senti and colleagues95 performed
an open-label, single-center study of ILIT versus SCIT in 165 patients with grass polleninduced rhinoconjunctivitis in which subjects were randomized to SCIT (54 injections
over 3 years; cumulative standardized quality units (SQ-U) dose: 4,031,540 units) or
3 ILITs (at 4-week intervals; cumulative dose: 3000 SQ-U). ILIT resulted in attenuate
of hay fever symptoms, inhibition of skin test reactivity to grass pollen, a decrease in
serum-specific IgE, and a positive shift in nasal responsivity on nasal provocation.
ILIT was well tolerated and resulted in fewer AEs as contrasted with SCIT. Most relevant, the nasal provocation procedures, performed at 4 months, 12 months, and
3 years, demonstrated attenuation to grass challenge within 4 months.95
The cat study reported by Senti and colleagues97 evaluated 20 cat-allergic subjects who were randomized to either placebo or active therapy with a modified
recombinant allergen rFel d 1 (recombinant of major cat allergen) fused to a translocator peptide trans-activating transcription factor (TAT) and to part of the human
invariant chain (Ii), to generate a modular antigen transporter (MAT) vaccine (MATFel d 1). The product was administered via injection using a conventional needle
and syringe directly into lymph nodes in the groin.97
This initial study demonstrated that the active vaccine was well tolerated, with no
AEs related to the 3-injection procedure other than reports of swelling and itching in
the lymph node in the groin used for injection. Furthermore, the MAT-Fel d 1 vaccine
increased cat-specific IgG4 6-fold (P 5 .003); the IgG4 response positively correlated
with IL-10 production (P 5 .026); and the threshold for nasal provocation to cat was
significantly shifted (74-fold vs <3-fold; P<.001).97
Hylander and colleagues performed a hybrid open-label (followed by DBPC phase)
study in birch-allergic patients. Seven birch-allergic patients received birch SCIT
(Alutard; ALK) over 3 years (14-week buildup phase to achieve 100,000 SQ-U administered every 6–8 weeks during the 3-year maintenance phase of the study) and served
as open-label controls. Twenty-one patients (6 on open-label ILIT; 15 in a cohort randomized to receive ILIT [n 5 7] or PL [n 5 8]) received 3 ultrasound-guided IL injections
of either birch or grass ILIT (1000 SQ-U) or PL. Patients on ILIT were shown to have an
improvement on nasal provocation, which was associated with a decrease in inflammatory cells in nasal lavage fluids. Albeit a small number of patients were undergoing
treatment, ILIT was well tolerated; patients reported improvement in their seasonal
allergic symptoms (scored on a 10-point VAS: 0 [unchanged] to 10 [total symptom relief]) (SCIT: 6.1 [P 5 .03]; ILIT: 5.5 [P 5 .05] versus baseline, respectively).
As opposed to SCIT, ILIT did not result in an increase in IgG4. However, peripheral
T-cell activation was evaluated with flow cytometry that showed upregulated expression of CD69 (P 5 .02) and CD98 (P 5 .04) on CD41 lymphocytes with ILIT but not with
PL. However, this cellular activation of peripheral CD41 T cells was not accompanied
by IL-10 secretion.98
At the 2015 AAAAI annual meeting, Patterson and colleagues99 presented the first
trial with the 3-injection (50/100/250 protein nitrogen units; 4 weeks apart)
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ultrasound-guided ILIT with a commercially available US grass extract (Phleum pratense) in 15 young adults with grass pollen–induced allergic rhinoconjunctivitis with
or without intermittent asthma. The ILIT was well tolerated (100% completed all injections), with the total safety score (TSS) showing no difference between active treatment and PL (P 5 .8).99
The ability to deliver allergen directly to antigen-processing cells in the lymphoid tissue residing in a regional lymph node (eg, inguinal node) provides an attractive
approach: it allows immunization to be accomplished with a smaller dose; it achieves
long-lasting benefit with a minimal number of injections; and it seems to be well
tolerated.
Epicutaneous Immunotherapy

Another approach that attempts to capitalize on ease of access to antigen-presenting
cells is that of epicutaneous delivery of allergen. Studies in the early allergy literature
attempted to introduce allergen through ID inoculation or scarification techniques (cutaneous quadrille ruling) in an attempt to circumvent the problem of anaphylaxis associated with subcutaneous injections of allergens. Interestingly, some of this early work
demonstrated a positive benefit; however, patient discomfort and imprecise allergen
delivery led to discontinued interest in this approach. However, with the development
of modern transcutaneous delivery systems, this method of immunization has again
generated increased interest as a means of possibly effectively administering allergens.
Senti and colleagues100–103 have studied allergen patches prepared with grass
allergen extract derived from respective pollen species (Phleum, Dactylis, Lolium,
Poa, Festuca, Holcus).
Recombinant Vaccines

Natural recombinant vaccines (wild type) have been studied in DBPC clinical trials in
grass- and birch-allergic patients.104,105 A study by Jutel and colleagues106 with a recombinant timothy grass pollen extract demonstrated significant improvement in the
combined symptom medication score and quality of life; however, allergen-specific
IgE was not suppressed. Pauli and colleagues106,107 compared recombinant Bet v
1a, purified Bet v 1, and standard birch pollen extract and showed similar improvements with all 3 treatments in symptom medication diary scores; IgG1/IgG2/IgG4 antibody increases were observed in all 3 treatment groups. Again, no significant shift was
observed in the safety profile, and injection site swelling was more frequently
observed in the group that received the recombinant birch vaccine.
Subsequent interest has focused on hypoallergenic recombinant allergens wherein
conformational changes are inserted onto the native allergen’s IgE epitopes to reduce
the allergen’s inherent allergenicity.
An environmental chamber study (n 5 36) by Meyer and colleagues108 with a novel
hypoallergenic recombinant birch extract, administered as 10 weekly injections,
demonstrated significant improvement in patient-reported EEC symptoms (pretreatment vs posttreatment score) and was accompanied by the expected increase in
allergen-specific IgG1. The investigators, however, reported that grade II AEs were
more frequently observed in patients receiving the 2 higher dosing regimens.108
Valenta and colleagues104,105 have focused on studies with recombinant fragments
and in a series of studies have shown that, as opposed to intact allergen, the fragments did not induce allergen-specific IgE, did increase protective IgG and IgA antibody, inhibited facilitated antigen binding, and attenuated nasal sensitivity on nasal
allergen provocation. However, subsequent DBPC trials could not demonstrate
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significant improvement in clinical outcomes, including symptom diary scores and relief medication usage.
Valenta in association with Biomay have recently focused their research and development on a recombinant B-cell epitope vaccine (BM32). This vaccine is a peptide
carrier fusion vaccine that contains linear peptides that are part of B-cell epitopes;
these peptides are fused to an immunogenic carrier element and, using recombinant
technology, are expressed as fusion proteins. A peptide carrier fusion vaccine is
capable of inducing allergen-specific IgG that is directed against parts of the IgE
epitope and blocks the binding of IgE.105,109,110
In a 2-year European phase 2b DBPC trial of the fusion vaccine (BM32), 181 patients
were randomized to receive either of 2 doses of BM32 or the matching placebo. The
treatment phase consisted of 3 subcutaneous injections administered over the
2 months before the 2013 grass pollen season, followed by a fall boost injection
and 3 additional doses before the 2014 season. (The Data Monitoring Committee
reviewed the safety data after the completion of the first year of treatment and recommended that all actively treated patients should receive the lower vaccine dose [20 mg
of each of the 4 protein components]).109,110
Several of the study’s secondary clinical outcomes provided statistically significant
evidence for therapeutic efficacy with the vaccine, including a 25% difference between active drug and PL in the Rhinoconjunctivitis Symptom Score during the
peak pollen season in the second treatment year (P 5 .042) and improvement on
the VAS (P 5 .014) and the Rhinoconjunctivitis Quality of Life Questionnaire
(P<.005). A measureable positive trend was observed for the primary end point
(Combined Symptom and Medication Score) versus placebo (22% difference;
P 5 .085).109,110
The positive clinical findings were paralleled by a sustained induction of allergenspecific IgG antibody, and the vaccine did not boost IgE antibody. The treatment
was well tolerated; most side effects were mild to moderate and short-lived (resolving
in a short period after drug administration).109,110
The company also has a strategic focus for the development of birch, RW, house
DM, and cat peptide-carrier fusion proteins.
SUMMARY

There is a recognized need for newer therapeutic agents that improve the safety of
AIT, provide an ease of delivery to patients that fosters compliance and allows access
to a greater proportion of the allergic population that could benefit from this diseasemodifying treatment, and achieve an acceptable therapeutic benefit for most patients
committing to the course of treatment.
The recent advances in sublingual AIT are most encouraging, as this now offers patients a noninjectable form of treatment of inhalant allergies.111
Furthermore, the continued research and development of the novel therapeutic constructs discussed in this article holds the promise of accomplishing the aforementioned goals in the not-so-distant future.
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