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Cat peptide antigen
desensitisation for treating cat
allergic rhinoconjunctivitis

Margitta Worm', Deepan Patel & Peter Socrates Creticos
" Charite, Allergy-Centre-Charité, Department of Dermatology and Allergology, Charitéplatz 1,
Berlin, Germany

Introduction: Allergic rhinoconjunctivitis is an increasingly common source
of morbidity with sensitivity to cats accounting for 10 - 15% of the disease
burden. Allergy to cats is a major risk factor for the development of asthma.
Areas covered: Within the present manuscript, the current data on a novel
therapeutic approach to treat cat allergy is reviewed. Cat Peptide Antigen
Desensitisation (Cat-PAD) is a mixture of seven small peptides developed for
the treatment of cat allergy. It is designed to induce immunological tolerance
via binding to MHC class Il on antigen presenting cells and interacting with
regulatory T cells without triggering the cross-linking of IgE on mast cells
and basophils. The peptide sequences are derived from the major cat allergen
Fel d 1. The peptides have been selected to ensure a similar T cell response to
that generated to whole cat dander in ex-vivo PBMC derived from cat allergic
individuals. The size of the peptides is insufficient to induce cross-linking
of IgE. Clinical data from a series of studies shows that Cat-PAD is able to
significantly reduce allergic rhinoconjunctivitis symptoms after a short course
of four injections over 12 weeks, and that the treatment effect is persistent
lasting 2 years after the start of treatment.

Expert opinion: Taken together Cat-PAD is a novel, well tolerated and prom-
ising therapeutic approach to treat cat allergic patients. Data from the current
international Phase Il study will unravel whether the concept is also efficient
and tolerable under daily life circumstances.

Keywords: allergic rhinoconjunctivitis, asthma, cat allergy, cat peptide antigen desensitization
Expert Opin. Investig. Drugs (2013) 22(10):1347-1357

1. Introduction

Allergic rhinitis affects approximately 25% of the population of westernized coun-
tries [1] and is a major cause of morbidity with reduced quality-of-life and impaired
work/school performance. Cat dander is a major allergen source affecting 10 - 15%
of subjects with rhinitis and is a major risk factor for asthma [2,3). Cat dander is per-
vasive making complete avoidance impossible [4]. Although symptomatic treatment
with nasal corticosteroids and antihistamines are a first-line of defence for many,
there remain a substantial number of patients (40% in one series) who fail to
respond to these drugs [s].

The only curative treatment in IgE-dependent allergic disease is specific immuno-
therapy (WAO) (6]. The allergen is given at increasing concentrations by different
routes to affected patients. It has been shown that the treatment is not only efficacious,
but also induces profound immunological changes promoting tolerance (7.8].

A central mechanism of immunotherapy is the induction of long-term tolerance.
Synthetic peptides comprised of T cell epitopes whose sequence is derived from
known allergen amino acid sequences employ a novel strategy to induce tolerance
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Box 1. Drug summary.

Drug name Cat-PAD
Phase Il
Indication

Pharmacology
description

Route of administration
Chemical structure

Pivotal trial(s)

Disease modifying treatment for rhinitis and conjunctivitis with long-term symptom relief in patients
aged > 12 with a history of allergy to cats.

Cat-PAD is a mixture of seven MHC |l restricted peptides derived from the major cat allergen Fel d 1.
Cat-PAD has been designed to avoid cross-linking IgE on mast cells enabling administration of
therapeutic doses from the onset of treatment without the need for dose escalation which occurs
with conventional immunotherapy. Cat-PAD induces Regulatory T cells which have direct and
indirect actions to down-regulate T cell, B cell and Mast cell responses to cat dander allergen.
Intradermal, 4 injections 4 weeks apart

H-Cys-Pro-Ala-Val-Lys-Arg-Asp-Val-Asp-Leu-Phe-Leu-Thr-OH, hydrochloride
H-Glu-GIn-Val-Ala-GIn-Tyr-Lys-Ala-Leu-Pro-Val-Val-Leu-Glu-Asn-Ala-OH, acetate
H-Lys-Ala-Leu-Pro-Val-Val-Leu-Glu-Asn-Ala-Arg-lle-Leu-Lys-Asn-Cys-Val-OH, acetate
H-Arg-lle-Leu-Lys-Asn-Cys-Val-Asp-Ala-Lys-Met-Thr-Glu-Glu-Asp-Lys-Glu-OH, acetate
H-Lys-Glu-Asn-Ala-Leu-Ser-Leu-Leu-Asp-Lys-lle-Tyr-Thr-Ser-Pro-Leu-OH, acetate
H-Thr-Ala-Met-Lys-Lys-lle-GIn-Asp-Cys-Tyr-Val-Glu-Asn-Gly-Leu-lle-OH, acetate
H-Ser-Arg-Val-Leu-Asp-Gly-Leu-Val-Met-Thr-Thr-lle-Ser-Ser-Ser-Lys-OH, acetate

A pivotal phase Ill study (Catalyst - The Cat Allergy Study) is currently underway.

Citeline (http://informa.citeline.com).

Pharmaprojects - copyright to Citeline Drug Intelligence (an Informa business). Readers are referred to Pipeline (http://informa-pipeline.citeline.com) and

(Figure 1). These short linear peptides are manufactured and
retain the ability to stimulate antigen-specific T cell responses
while being of insufficient length to cross link IgE on the sur-
face of mast cells and basophils. Studies have provided prelim-
inary evidence of efficacy in subjects allergic to bee venom [9]
and cats [10]. In a series of studies using a mixture of
11 - 12 peptides it has been demonstrated that administration
of Fel d 1 derived peptides resulted in reductions of surrogate
endpoints including early- and late-phase skin responses intra-
dermal injection of whole allergen [11], together with nasal
symptoms [12] and airway hyper-reactivity [13]. Mechanistic
studies indicated treatment with peptides suppressed T cell
proliferation and production of IL-4, IL-13 and IFN-
Y ex vivo in the presence of recombinant Fel d 1, whereas
IL-10 production was enhanced [11,14].

2. Background

Through the years, various chemical modifications of aller-
gens have been attempted to enhance efficacy, improve safety
and foster compliance with AIT. A major goal in these efforts
has been to develop a therapeutic construct in which the
efficacy: safety benefit ratio is enhanced, preferably through
heightened or maintained immunogenicity paralleled by
reduced allergenicity [15-17).

One such approach that offers the potential to suppress
IgE-dependent diseases through induction of tolerance was
that identified in studies carried out in the 1990s by Gefter
and colleagues. Gefter developed synthetic T cell tolerizing
peptides (15 - 22 mers) of cat Fel d 1 and ragweed Amb a
1 after the primary structure of the antigen had been deter-
mined by T.P. King 18,19).

In collaborative studies in cat-allergic [2021] and ragweed-
allergic [22.23] research subjects, it has been shown that peptide
immunization significantly reduced clinical symptoms
without an increased antibody response.

Although, the clinical development program of this first
peptide generation has never been completed a new class of
Synthetic Peptide Immuno-Regulatory Epitopes (SPIREs)
for treatment of allergic disease has been developed. Cat-
PAD Box 1 is the first in this new class of SPIREs and the clin-
ical studies, which have been conducted so far are highlighted

in this article.

3. Cat-PAD

To date two clinical studies performed on Cat-PAD (also
known as ToleroMune Cat) have been published, and the
results from several other studies have been presented as
abstracts and posters at conferences. It is important to note
that Cat-PAD is differentiated from both the early studies
conducted by Norman [2021] and the mixture of peptides
tested in the studies performed by the Imperial College
researchers [11-14]. Norman [20,21] utilised two 27 amino acid
peptides (Cat-PAD: seven 13 - 17 amino acid peptides)
administered sub-cutaneously (Cat-PAD intradermal) used
much higher doses up to 750 pg of peptide (Cat-PAD
75 pg), and had different T cell epitopes present. These
studies conducted used a mixture of 11 or 12 peptides (Cat-
PAD 7 peptides), and did not include agents to prevent dimer
formation despite peptides containing free cysteine residues
(Cat-PAD is specifically formulated to prevent dimer
formation).

The selection of peptides for inclusion in Cat-PAD was
driven by MHC class II binding studies using appropriate
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Figure 1. Schematic illustration of the induction of
regulatory T cells by peptide immunotherapy.

cell lines and by conducting T cell proliferation and histamine
release assays on ex vivo samples from cat allergic human
volunteers [24].

T cell proliferation assays identified a preferred peptide
mixture of seven synthetic peptides which have the se-
quence CPAVKRDVDLFLT, EQVAQYKALPVVLENA,
KALPVVLENARILNCYV, RILKNCVDAKMTEEDKE,
KENALSLLDKIYTSPL, TAMKKIQDCYVENGLI and
SRVLDGLVMTTISSSK. Proliferative responses to cat dan-
der allergen extract and Cat-PAD correlated closely indicating
that the majority of T cell reactivity to cat dander can be
accounted for by the epitopes contained within Cat-PAD
(24]. Cytokine responses to both Cat-PAD and whole cat dan-
der were more frequent than proliferative responses, with
greater than 90% of the panel showing an IL-10 response to
Cat-PAD in vitro [24). Results from a different group using
tetramer mapping identified many of the same epitopes that
are included in Cat-PAD as dominant T cell epitopes in cat
allergic individuals [25] confirming the appropriateness of the
epitope selection.

3.1 IgE-binding activity

Following the identification of T cell epitopes Cat-PAD was
evaluated for its potential to cause IgE cross-linking employ-
ing a basophil histamine release assay using whole blood
sourced from cat allergic individuals as a surrogate for tissue
mast cells [24]. The conduct of studies in whole blood provides
assurance that any binding of the peptides to serum albumin
or cell membranes that might recreate a three dimensional

Cat-PAD

structure has been considered. Significant quantities of hista-
mine release were seen with whole cat dander at concentra-
tions as low as 10 ng/ml whereas histamine release in
response to Cat-PAD at concentrations up to 10,000 ng/ml
was < 5% of that caused by whole allergen. If the total dose
of Cat-PAD currently being tested in Phase III trials were
injected intravenously and distributed in a 5 L blood
volume, the total concentration of peptides would be
< 15 ng/ml. This suggests that Cat-PAD has significantly
less potential than whole allergen to cross-link IgE responsible
for both local injection site but also systemic reactions. The
reduced risk of local and systemic reactions is also critical
for the therapy regime as it allows a therapeutic dose of
Cat-PAD to be given from the start of treatment, without
the need for dose escalation. Cat-PAD is not adjuvanted.
This may be important in ensuring the development of the
product without lengthy delays due to regulatory concerns,
particularly in the USA where the Food and Drug Adminis-
tration has placed several adjuvanted products on clinical
hold during their development.

3.2 Toxicology and safety pharmacology

A toxicology and safety pharmacology program to demon-
strate the safety of Cat-PAD has been conducted. Doses of
Cat-PAD well in excess of the intended clinical dosing regi-
men have been evaluated in single and repeat dose toxicology
studies. No undesirable pharmacological activity was observed
either in the toxicology studies (personal communication
from Circassia) or in specific safety pharmacology studies
evaluating cardiovascular, respiratory and neurological func-
tion. Reproductive toxicology studies and juvenile toxicology
studies have now been completed and again no significant
toxicological sequelae were observed (personal communication
from Circassia).

3.3 Findings from animal models

One study has been conducted using one of the peptides
(KALPVVLENARILKNCYV) from Cat-PAD in a novel
HLA-DRI transgenic mouse model [26]. Mice were sensitized
with 10 pg recombinant Fel d 1 in alum on days 0 and 14,
and challenged intra-nasally with 250 pg cat allergen extract
on days 22, 23 and 24 to localise the response to the airway.
A single intra-dermal injection of 1 pg of the peptide
KALPVVLENARILKNCYV or a DRI1-binding control was
administered on day 25 and mice were re-challenged with
cat allergen on days 59 and 60. Following analysis of lung
function on (day 61), the mice were sacrificed.

Results from the study demonstrated that treatment with
the peptide found in Cat-PAD resulted in reductions in bron-
choalveolar lavage total cells and eosinophils, reductions in
pulmonary and systemic TH2 cytokines, reduced proliferative
responses to Fel d 1, and reduced recruitment of TH2 cells to
the lungs. Administration of an anti-IL-10 monoclonal anti-
body immediately after treatment with the peptide blocked
these changes indicating that IL-10 is a critical cytokine in

Expert Opin. Investig. Drugs (2013) 22(10)
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the mechanism of action of SPIREs to re-establish tolerance.
While care must be taken when trying to relate findings in
an acute sensitization animal model to the clinical setting,
the demonstration of a critical role for IL-10 in this study is
consistent with current understanding of the importance of
this cytokine as a regulatory cytokine in humans; similarly
consistent is the observation that the mixture of peptides in
Cat-PAD induced IL-10 release from PBMC in vitro from
greater than 90% of a tested panel of cat allergic subjects [24].

3.4 Clinical development

First in human study indicated an excellent tolerability.
The first-time-in-human study for Cat-PAD evaluated the
safety of a single dose given intra-dermally (doses between
0.03 nmol and 12 nmol) or subcutaneously [24]. The study
evaluated the change in area of the late phase skin response
following intra-dermal injection of whole allergen 1 week
before and 3 weeks after a single injection of Cat-PAD given
intra-dermally. Intra-dermal injection of Cat-PAD show con-
sistent reductions in the area of the Late Phase Skin Response
following whole allergen challenge. The safety findings were
unremarkable and the development progressed into repeat
administrations studies.

3.5 Clinical studies from the environmental exposure
chamber
The subsequent clinical development of Cat-PAD has focused
on the use of an environmental exposure chamber (EEC)
model of cat allergy. The EEC allows the introduction of
aeroallergens in a highly controlled manner with minimal
variation in allergen exposure and the ability to utilize pre-
established allergen levels known to induce symptoms at the
moderate to severe level [27,28].

One of the main difficulties in developing allergen immu-
notherapy products is the systematic evaluation of the effect
of dose and dosing regimen on symptom scores.

3.6 First EEC study reveals a dose-dependent clinical
efficacy

The first EEC study with Cat-PAD analyzed the relationship
between dose of product, dosing regimen and symptom scores
in cat allergic subjects following challenge with aerosolized cat
allergen in an EEC [29.30]. Subjects attended a baseline EEC
visit consisting of 4 consecutive days of 3 h in the chamber.
One-hundred and twenty-one subjects who met the threshold
symptom score were randomized to one of four treatment
arms (4 administrations of 3 nmol 2 weeks apart, 4 adminis-
trations of 6 nmol 2 weeks apart, 4 administrations of 3 nmol
4 weeks apart, 8 administrations of 3 nmol 2 weeks apart or
placebo). Following treatment with Cat-PAD or placebo
subjects returned 18 — 22 weeks after the start of treatment
for post-treatment challenge (PTC) consisting of a further
4 consecutive days of 3 h in the EEC.

The primary efficacy measurement was the TRSS a com-
posite score comprising four nasal and four ocular symptoms.
At all EEC visits subjects recorded their symptoms in a diary
just before entering the EEC and every 30 min while in
the chamber. Symptoms were divided into: nasal symptoms
(running nose, sneezing, blocked nose, itchy nose) and ocular
symptoms (itchy eyes, watery eyes, red eyes, sore eyes). For
each symptom, the subject rated the severity as follows:
0 - absent, 1 - mild/barely noticeable, 2 - moderate/annoying/
bothersome and 3 - severe/incapacitating. Subjects were
required to have a TRSS of at least 10 out of 24 and nasal
symptoms of at least 6 out of 12 on at least one time point
on days 3 and 4 at baseline challenge. The primary endpoint
was the difference in TRSS at each time point on each day
between baseline and PTC [29.301.

Frequencies of all TEAE (related and unrelated to treat-
ment) in the active treatment arms were less than in the pla-
cebo cohort with the exception of the 6 nmol cohort which
trended slightly higher. Analysis of the respiratory system
TEAEs showed no evidence of any safety signal after treat-
ment with Cat-PAD. Respiratory system TEAEs, including
asthma, dyspnoea and wheezing, occurred at a low frequency
in both active and placebo groups, with no obvious difference
between the groups and with the significant majority due to
cat allergen exposure in the EEC.

Treatment with Cat-SPIRE showed greater efficacy when
dosed over 12 - 14 weeks than when dosed over 6 weeks.
The eight administrations of the 3 nmol dose showed a
statistically significant reduction in symptoms versus placebo
(p < 0.05) in subjects who attended the main centre for
all their visits. The 6 nmol dose showed a trend to be
superior to the 3 nmol dose, albeit tested in a suboptimal
regimen [29,30].

As exemplified in Figure 2 for the 8 X 3 nmol group, the
difference between Cat-PAD treatment and placebo increased
as the cumulative dose of allergen rose over successive days.
Greater improvements in clinical scores were observed in the
Cat-PAD treated group on successive challenge, whereas
scores for the placebo group remained largely unchanged.
At time points from 1 h onwards on days 2, 3 and 4 in
the EEC the mean difference between placebo and the
8 x 3 nmol 2 weeks apart regimen was 2.9 units on the
TRSS scale.

The primary efficacy variable was the change from base-
line TRSS at the post-treatment visit using all time points
in Cat-PAD treatment groups compared to placebo
17 - 21 weeks after the first treatment visit. Figure 2 plots
the mean treatment effect at each time point on each day
for subjects from the ITT population receiving 8 x 3 nmol
Cat-SPIRE 2 weeks apart versus placebo. It is notable that
the treatment effect appears greatest on days 2, 3 and 4 at
time points after 1 h, suggesting that the treatment effect
may either be enhanced by exposure to allergen or is greater
when late phase reactions may be present (i.e., 24 h after
allergen challenge).
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Figure 2. Difference in Total Rhinoconjunctivitis Symptom Score (TRSS) at each 30 min time point (3 h per day) in the chamber over
4 consecutive days; score at Baseline Challenge minus score at Post Treatment Challenge (PTC), 8 x 3 nmol Cat PAD and Placebo.

Reproduced with permission from poster presented at WISC 2012 (Hafner 2012).

3.7 Second EEC study suggests long-term efficacy
Following the results of the first exposure chamber study, a
second study was conducted to compare the eight administra-
tions of the (3 nmol dose) versus four administrations of a
(6 nmol dose) given 4 weeks apart.

The main objective of this second study was to understand
if combining the higher dose used in the first EEC study with
a dosing regimen over a longer time period could outperform
the best performing regimen from the previous study. The
study was designed similarly, with the baseline challenge con-
sisting of 4 consecutive days of 3 h in the exposure chamber.
Following treatment subjects returned to the exposure cham-
ber for 4 consecutive days of 3 h. Subjects who completed
the study were enrolled in a further follow-on study which
evaluated the treatment effect at 1-year, and again at 2-years.

As the goal of immunotherapy is to induce a long-
lasting persistent treatment effect that is maintained after ces-
sation of treatment, this clinical study was crucial to show the
potential of the disease modifying effect of the drug. A prod-
uct which can achieve 1 or 2 years persistent treatment effects
after a short course over 3 - 6 months represents a disease
modifier and is superior over conventional pharmacotherapy.

The results of this study [31] indeed showed a persistent
treatment effect as the treatment effect was apparent at
18 - 22 weeks and persisted at the 1 year exposure chamber
visit. Figure 3 plots the treatment effect (difference in symp-
tom scores between baseline and challenge at one year) for
placebo and (4 x 6 nmol) Cat-PAD. It can be seen that the
treatment effect is present on all 4 days in the chamber.
Inspection of the absolute symptom scores on days 1 - 4,
again showed a treatment effect that appeared to grow stron-
ger with cumulative allergen challenge. The treatment effect at
1 year showed statistically significant improvements in total
rhinoconjunctivitis symptom score of four units on the
TRSS scale - and the magnitude of effect was larger than
that observed at 18 - 22 weeks. Statistically significant

improvements in nasal and ocular symptom scores were also
reported, demonstrating Cat-PAD had a robust treatment
effect on the two main organs affected by rhinoconjunctivitis.
In the subsequent follow-up study, at 2 years, (321, four
administrations of a (6 nmol dose) 4 weeks apart showed a per-
sistent treatment effect on TRSS compared to placebo. Post-hoc
inspection of the nasal symptom scores showed statistically sig-
nificant differences between the four administrations of 6 nmol
and placebo at multiple time points during the 4 days of the
exposure chamber challenge. In particular, there were highly
statistically significant differences in nasal symptom scores on
day 4 time points after 2 h, 2.30 h and 3 h in the exposure
chamber when the cumulative allergen challenge is greatest [33].
Nasal congestion, is a particular problem in perennial allergy.
The demonstration of a sustained treatment effect 2 years after
the start of treatment on the most difficult and intransigent
component of rhinoconjunctivitis is highly encouraging.

4. Other approaches for cat allergy

4.1 Clinical comparative studies

Direct comparison of the efficacy of Cat-PAD with that of
other interventions is complicated by differences in study
design and mode of allergen exposure. Relatively few studies
have been conducted specifically evaluating the treatment
benefits of either pharmacotherapy or immunotherapy using
cat dander as the allergen. Table 1 summarizes the treatment
effects seen for Cat-PAD and other immunotherapy/
pharmacotherapy conducted specifically with cat allergen.

4.2 SCIT with cat dander extract

A double-blind placebo controlled study employing a cat
room design was conducted at a UK allergy centre [34]. Spe-
cific immunotherapy was performed with a depot preparation
of cat dander extract of declared potency (Alutard SQ, ALK,
Denmark). This extract is immunochemically and biologically

Expert Opin. Investig. Drugs (2013) 22(10)
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Figure 3. Difference in Total Rhinoconjunctivitis Symptom Score (TRSS) at each 30 min time point (3 h per day) in the chamber
over 4 consecutive days 1 year after the start of treatment; score at baseline challenge minus score at post Treatment

challenge (PTC), 4 x 6 nmol Cat PAD and placebo.
Figure reproduced from (Patel 2013 [31]).

standardized and adsorbed onto aluminium hydroxide as an
adjuvant. Subcutaneous injections were performed at a fre-
quency of two injections per week with progressive dose esca-
lation and reached a maintenance dose after approximately
3 months. Adjustments to the schedule were made on an indi-
vidual basis as indicated by large local reactions (> 5 cm diam-
eter) or mild systemic symptoms following the previous
injection. The maintenance dose was 100,000 SQ units con-
taining 15 pg Fel d 1. After reaching the maintenance dose
subjects received a further injection after 2 weeks, and then
every 4 weeks thereafter.

In this study, subjects attended a standardized cat challenge
by visiting a house in which three cats had lived for over
8 years. Subjects scored their symptoms for the following
categories: nasal (4), chest (3), ocular (2), throat irritation
(1) = each on a scale of 0 — 3 with 0 being absent, 1 being
mild, 2 moderate and 3 severe. Symptoms were scored every
5 min for 15 min, then every 15 min for 2 h and every
hour for a further 5 h. (Thus symptoms were scored on a total
of 15 occasions.) Symptom scores at each time point were
added to give an overall cumulative score made up of
10 components X 15 measurements.

At baseline, subjects on active and placebo had mean scores
of around 60, and adjusting this for the 15 time points mea-
sured yields an average Total Symptom Score (TSS) at each
time point of approximately 4, a relatively modest score com-
pared to the mean TRSS of 12 - 14 observed in the Cat-
PAD exposure chamber studies. Following treatment with
Cat immunotherapy, an improvement in the average TSS at
each time point of approximately 0 units was reported for pla-
cebo and an improvement of 3 units was reported for subjects
treated with Alutard. The lack of a placebo response in this
study is a slightly unusual finding in studies of this nature.
Indeed the studies with Cat-PAD at 1 and 2 years showed
an improvement in TRSS of 7 - 8 units from baseline. This

suggests the treatment effect of Cat-PAD 9 months and
21 months after the cessation of treatment is at least as
good, and probably better, than the treatment effect achieved
with whole allergen immunotherapy.

4.3 Data from sublingual clinical studies

The effects of sublingual cat allergy drops, on symptoms of
cat allergy conducted using the same exposure chamber in
Canada that has been used for the Cat-PAD studies has
been published (35]. Subjects were randomized to placebo
or to one of three doses of sub-lingual cat allergen drops con-
taining 4.5 pg, 9 pg or 18 pg of Fel d 1/day of ALK cat hair
extract. The subjects were treated daily for 16 weeks and
were exposed to cat allergen in the EEC at baseline and at
8 and 16 weeks after the start of treatment. The TSS was
made up of four nasal and two ocular symptoms, each rated
on a 4 point scale (0[none] - 3 [severe]). The changes from
baseline TSS at 16 weeks were: 0.5 TSS units (4.5 ug Fel d
1), 1.36 TSS units (9 ug Fel d 1), 3.22 TSS units (18 ug
Fel d 1); 1.68 TSS units (Placebo). Interestingly the two
lower dose groups performed less well than placebo, while
the treatment effect with the highest dose versus placebo is
approximately 1.5 units. The treatment effect for sublingual
cat allergen drops after daily treatment for 16 weeks appears
to be substantially less than the treatment effect of Cat-
PAD at both 9 and 21 months after a course of 4 injections
over 12 weeks. Thus, overall, in the context of other studies
employing similar study designs or means of evaluation, a
short course of Cat-PAD compares favourably with existing
pharmacotherapy and immunotherapy, and indirect com-
parison suggests Cat-PAD may provide a superior improve-
ment in symptom indices when contrasted to the findings
in studies which compared either SCIT or pharmacotherapy
to placebo.
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Table 1. Summary of clinical studies conducted with cat allergen.

Cat-PAD

Refs.

Product/Dose

Study design

Difference in
symptom scores
between active

and placebo

Larche 2012, Cat-PAD Environmental Exposure Chamber -2.9
Hafner 2012 8 x 3 nmol 2 weeks apart or placebo Challenge consists of 4 consecutive days
[29,30] of three hours at baseline and post treatment
challenge. Symptoms scored every 30 min
[31] Cat-PAD Environmental Exposure Chamber -3.9
4 x 6 nmol 4 weeks apart or placebo Challenge consists of 4 consecutive days of
Off dosing for 9 months prior to challenge three hours at baseline and post treatment
challenge one year after start of treatment.
Symptoms scored every 30 min
[32] Cat-PAD Environmental Exposure Chamber -4.0
4 x 6 nmol 4 weeks apart or placebo. Challenge consists of 4 consecutive days of
Off dosing for 21 months prior to challenge three hours at baseline and post treatment
challenge two years after start of treatment,
symptoms scored every 30 min.
Symptoms scored every 30 min.
[34] Alutard SQ, ALK, Denmark Cat Room challenge consists of 7 h exposure. -3.0
2 injections per week with progressive dose Symptoms scored every 5 min for first 15 min,
escalation until reached maintenance dose every 15 min for following 2 h
after approximately 3 months. Adjustments and every hour thereafter
to the schedule on an individual basis as
indicated by large local reactions
(> 5 cm diameter) or mild systemic
symptoms following previous injection.
After reaching maintenance dose
(100 000 SQ units containing
15 pug Fel d 1) the next injection was given
at 2 weeks and then every 4 weeks thereafter
[39] Fexofenadine (180 mg) Challenge room with shared ventilation system -1.3
Pre-treatment with fexofenadine from a cat shelter. Patients remained in the
or placebo 90 min prior to entry in Cat room  room until they could no longer tolerate
their symptoms: up to 30 min at a baseline
visit and 60 min at the treatment visits.
Cat bedding (towels) was shaken vigorously
before subject entry and once every 15 min while
the subjects were in the cat challenge room
[35] Sub-lingual cat allergen drops Environmental Exposure Chamber 4.5 png: 1.2*
Drops containing 4.5 pg, 9 pg Details of challenge duration not disclosed 9 pg: 0.3*
or 18 ng of Fel d 1/day 18 ug: -1.5

of ALK cat hair extract
or placebo given daily for 16 weeks
EEC challenge at baseline at 8 and 16 weeks

*Greater symptoms scores than placebo.

4.4 Data from intralymphatic IT for cat allergy

The intralymphatic immunotherapy (ILIT) is novel route of
specific immunotherapy were allergen is directly delivered to
B- and T-cells 136]. In randomized controlled Phase I/1I clini-
cal trials in patients with grass pollen induced rhinoconjucti-
vitis 3 intralymphatic injections with grass pollen allergen
extract induced nasal tolerance [37]. The same approach has
been reported in cat allergic patients, where a modular antigen
transporter (MAT)-Fel d 1 recombinant non-glycosylated
fusion protein consisting 191 amino acid was used. Twelve
patients were treated with verum and eight with placebo [38].

The data from this small clinical trial indicated after three
injections a 74-fold increase in nasal tolerance. A follow-
up visit after 300 days revealed less symptoms in the MAT-
Fel d 1 group, however, no baseline values were assessed.
The treatment was well tolerated and in the verum group no
severe adverse events occurred.

4.5 Pharmaco-based symptomatic treatment

A study of the efficacy of the antihistamine fexofenadine
under conditions of cat allergen exposure, has also been
reported [39]. Cat allergen exposure took place in a challenge
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Table 2. Four Phase Il prospective, randomized, double-blind, placebo-controlled studies are summarized.

3 nmol (n =176) 6 nmol (n =90) All doses (n = 320) Placebo (n = 143)

Number of adverse events 270 130 439 193
Number of subjects with adverse events 116 (65.9%) 55 (61.1%) 196 (61.3%) 92 (64.3%)
Number of subjects with serious adverse events 1 (0.6%) 0 1(0.3%) 1(0.7%)
Number of subjects with adverse events 4 (2.3%) 2 (2.2%) 6 (1.9%) 3(2.1%)
leading to discontinuation
Relationship to study medication

None 54 (30.7%) 27 (30.0%) 94 (29.4%) 54 (37.8%)

Unlikely/possible 51 (29.0%) 27 (30.0%) 89 (27.8%) 33 (23.1%)

Probable 9 (5.1%) 0 9 (2.8%) 1(0.7%)

Highly probable 2 (1.1%) 0 2 (0.6%) 4 (2.8%)

Missing 0 1(1.1%) 2 (0.6%) 0

Subjects were aged 18 - 65 years with documented allergic rhinoconjunctivitis on exposure to cats. Cat-PAD (0.03 - 20 nmol) [or matched placebo] was injected
intradermally (n = 284, 131) or subcutaneously (n = 36 [12]). Safety and tolerability were assessed by analyzing adverse events, vital signs, FEV, clinical laboratory

tests, breathlessness and nasal symptoms, and inspection of the injection site.

Reproduced with permission from poster presented at AAAAI 2013 (Haumann 2013 [40]).

room which shared the same ventilation system as a cat shelter
housing up to 80 cats. Patients remained in the room until they
could no longer tolerate their symptoms: up to 30 min at a base-
line visit and 60 min at the treatment visits. Cat bedding (towels)
was shaken vigorously before subject entry and once every 15 min
while the subjects were in the cat challenge room.

The TSS was defined as the sum of the following symp-
toms: rhinorrhea (nasal discharge/runny nose or postnasal
drip), itchy nose/palate/throat, sneezing and itchy/watery/
red eyes using a 5-point scale from 0 (absence of symptoms)
to 4 (severe symptoms that were very bothersome). Nasal con-
gestion was also measured by the patients’” evaluation of their
symptoms and based on a 5-point scale of nasal stuffiness
from 0 (clear, fully open) to 4 (blocked, with no air move-
ment through the nostrils). Subjects scored their symptoms
every 5 min during the challenge.

The study followed a cross-over design, with study drug
being administered prophylactically. Subjects were randomly
assigned to receive fexofenadine (180 mg) or placebo
90 min before entry into the challenge room. The two treat-
ment periods were separated by a wash-out of 14 days. The
primary efficacy end point was the change from baseline
(pre-dose) in the T'SS 30 min after initiation of the cat aller-
gen challenge (2 h after dosing) and showed a difference in
the mean change from baseline TSS of 1.3 units between
fexofendadine and placebo. The use of fexofenadine prophy-
lactically in this model is unusual and enables systemic con-
centrations to be achieved in advance of exposure to
allergen. Nevertheless the treatment effect of this anti-
histamine against cat dander (1.3 units on TSS scale) is mod-
est when compared to the treatment effect of Cat-PAD 9 and
21 months after the cessation of treatment.

5. Safety profile of Cat-PAD

The clinical data for Cat-PAD is complemented by an
encouraging set of safety data. A summary of the safety data

generated in the clinical studies conducted to date is shown
in Table 2 and shows so far no evidence for any IgE-
mediated systemic reactions or anaphylactic reactions [40].
Two serious adverse events have been reported (skin
laceration - placebo; headache - 3 nmol Cat-PAD). The inci-
dence of the most commonly reported adverse events was
comparable between Cat-PAD and placebo: headache (Cat-
PAD 15.6%; placebo 18.2%), upper respiratory tract infec-
tion (Cat-PAD 15.6%; placebo 12.6%), bronchospasm
(Cat-PAD 8.1%; placebo 8.4%) and cough (Cat-PAD
4.7%; placebo 4.9%); bronchospasm was mostly associated
with allergen challenge in the EEC. Importantly the incidence
of adverse events leading to discontinuation is comparable
between Cat-PAD and placebo groups (Table 2).

In the integrated safety database, to date, only two injection
site reactions have been reported as adverse events: one each
following 3 nmol Cat-PAD and placebo. Injection sites were
reported as abnormal but not clinically significant at one or
more assessments in 7.4, 4.4 and 4.7% of patients following
3 nmol, 6 nmol Cat-PAD and placebo, respectively [41].

6. Conclusion

In the present review the available data for Cat-PAD, the first
in a new class of SPIREs, has been summarised. The available
data from the first clinical trials is promising regarding both
efficacy and tolerability. Cat-PAD contains seven synthetic,
short, peptides derived from the major cat allergen Fel d 1
and is given intradermally. This novel product, when com-
pared to existing whole allergen immunotherapy, advances
the ability to immunize patients considering three critical
differentiating parameters:

e The allergenic source — by using synthetic short peptides
with a known amino acid sequence, which are chemi-
cally synthesised and assayed using standard pharmaceu-
tical techniques such as liquid chromatography, it is
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possible to avoid any variability in the potency of prod-
uct from vial to vial and batch to batch. [Variability in
the potency of allergen from batch to batch is a recog-
nized problem with existing immunotherapy products.]

o The route of administration by intradermal application
of allergens can promote definitive immunotolerance
through regulatory T cell induction.

e The Cat-PAD product does not provoke IgE-mediated
local and systemic reactions. This allows a therapeutic
dose to be administered from the outset of treatment.
A 6 nmol dose of Cat-PAD contains approximately
75 pg of peptides, representing a 5 fold excess over
the target maintenance dose (15 pg Fel d 1) for
specific immunotherapy.

The use of a higher dose when compared to conventional
immunotherapy, the lack of expression of pro-inflammatory
co-stimulatory molecules on antigen presenting cells and the
intradermal route of administration are all likely important
contributors to the high levels of efficacy seen with
Cat-PAD after just 4 injections over a 12 week period.

The data obtained so far for Cat-PAD need to be con-
firmed in large scale controlled clinical studies in a real life set-
ting. In the case of cat allergy this requires evaluating the
clinical efficacy and tolerability in patients who are keeping
a cat in their house. Presently subcutaneous specific immuno-
therapy with cat allergen extracts is associated with a high risk
of severe reactions and in Germany, therefore, is only pres-
ently performed in exceptional patient groups, for example

Cat-PAD

personnel handling animals routinely as part of their job,
or veterinarians.

The difficulty in conducting immunotherapy in cat allergy
because of the high incidence of adverse events may explain
the lack of other therapeutic options in development specifi-
cally for treating cat allergy. While both specific immunother-
apy and sublingual immunotherapy as well as antihistamines
are utilised for the treatment of cat allergy in clinical practice,
the available data (Table 2) generated in similarly designed
studies performed in either an exposure chamber or a cat
room shows the treatment effect of Cat-PAD to be compara-
ble, if not superior, to that observed in clinical trials with these
alternative treatment modalities.

7. Expert opinion

Taken together, collective data for Cat-PAD is promising,
and provided the Phase III clinical data demonstrate similar
levels of clinical efficacy and tolerability to those seen in the
Phase II studies conducted to date, Cat-PAD may provide
the allergist with an important step-change in the available
therapeutic options for treatment of cat allergy in the future.
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