REVIEW

URRENT
PINION

Are results of environmental exposure units

transferable to real-life exposure?

Petra Ursula Zieglmayer

Purpose of review

To reflect on and discuss the recent evidence of reliability of the challenge chamber results for real life,
especially focusing on the validation of allergen concentrations being ‘physiologic’ and generating
symptoms in the exposed volunteers comparable to the natural exposure during pollen season and to the

home environment.

Recent findings

Publications of the last 18 months covered by this review focus on the validation of allergen chamber
systems, especially on the quantitative comparison of environmental allergen exposure with allergen
challenge chamber (ACC) exposure. It highlights new evidence on the question of relevance of
environmental and experimental priming effects and discusses the selection of relevant parameters for the

quantification of treatment effects.

Summary

Benchmarks for validating the ACC systems have been defined and are referred to in clinical ACC trials in
increasing amount. So the level of evidence concerning the validity and reliability of allergen chamber
systems is steadily growing, especially in allergen-specific models, priming effects and reproducibility of
results in the same study population at different time points and with different challenge systems.
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Challenge chamber models for the investigation of
mechanisms and treatment of allergic rhinocon-
junctivitis were developed in the 1980s [1]. Studies
using this challenge model can not only investigate
the treatment effects of antiallergic therapies like
antihistamines, corticosteroids or immunotherapy,
but also evaluate the mechanisms of allergic inflam-
matory reaction like mediator release and time
course of cell and mediator synergism. The allergen
challenge chamber (ACC) model is approved and
accepted by the Food and Drug Administration and
European Medicines Agency (EMA) at least for phase
II trials and further supporting phase III trials. EMA
suggests ACC trials for conducting dose finding
trials of immunotherapeutic products [2]. Grass
and ragweed pollen, tree pollen, Japanese cedar
pollen, house dust mite and cat epithelia serve as
routine allergen sources for challenge. Currently,
there are several challenge chambers in use in
Europe, North America and Japan.

ACCs enable the investigators to generate a
stable and reproducible allergen climate to which
volunteers can be exposed. This offers advantage

www.co-allergy.com

compared with the natural seasonal pollen
exposure, as confounding conditions like rain,
temperature and wind influencing the pollen
counts can be excluded. Low pollen counts during
seasons generate fewer symptoms in the pollen
allergic volunteers, which consecutively diminishes
the possibility to detect a treatment effect of an
investigational compound during a clinical trial.
Several advantages and disadvantages of the ACC
model are discussed in a European review dated
2011 [3™].

Challenge chambers in use normally are validated in
terms of reproducibility of ACC conditions, stability
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KEY POINTS

e Validation of allergen challenge chamber systems do
allow comparability and reproducibility of trial data
generated in an ACC trial.

e Reallife allergen exposure is comparable to the
experimental exposure in ACC by means of clinical
symptoms.

e Environmental as well as experimental priming effects
can be detected, but are usually not of clinical
relevance.

e The allergen load of pollen, house dust mite or cat
epithelia required to cause clinical symptoms is defined
for each ACC separately and is not transferable from
one ACC system to the other.

of allergen load and reproducibility of symptoms in
patients [4,5].

A short article published in 2012 provides a
summary of the needs for the validation of ACC
systems which have been defined during a U.S.
American NIH workshop in Bethesda, Maryland,
USA, in 2010 [6""]. It is as follows:

(1) the standardization of ACC conditions (uni-
formed distribution of pollens, amount of pol-
len, air temperature and humidity);

(2) the determination of the reproducibility of ACC
clinical trial data for evaluating treatments for
allergic rhinitis; and

(3) the determination of reproducibility of allergen
exposure and treatment outcomes between
different ACCs.

It was postulated to compare patients on natural
allergen exposure to ACC exposure first, then to
compare the treatment effects of established anti-
allergic medications in patients on natural allergen
exposure and on ACC exposure in a multicentre
mode. Furthermore, it was recommended to inves-
tigate the wvariabilities between different ACC
models [7]. The author additionally mentioned to
document the reproducibility of symptoms in the
same population at different time points [6™].

The use of standardized pretreatment and post-
treatment allergen challenges in an ACC allows
precise determination of efficacy, including onset
of action, magnitude and duration of action of any
antiallergic treatment. A precisely designed clinical
ACC trial with a carefully selected patient popu-
lation can reduce the cost of drug development
substantially by requiring significantly less time
than a field study and smaller numbers of
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individuals per trial. Treatment effects of immuno-
therapy could be clearly determined [8]; evaluations
of naturally exposed patients do often show less
efficacy, as shown by Howarth et al. [9] recently.
The authors could demonstrate that treatment
effects of allergen immunotherapy are correlated
with the symptom severity in patients. Limiting
factors for the power of immunotherapy studies
usually are the natural pollen exposure and the
corresponding symptom severity of the patients,
retrospective symptom scoring for baseline evalu-
ation and the combined evaluation of patients with
different symptom severity. The authors conclude
with the suggestion to divide patients into three
groups of different symptom severity and evaluate
separately to enhance the power of the trial.

To avoid the production of unfeasable data during a
clinical trial, there would be some restrictions to
select patients suitable for allergen challenge trials:
skin prick test results do not necessarily correlate
with clinical reactivity; therefore one important
inclusion criterion for a challenge chamber trial
should be proven clinical reactivity during the
challenge session. Recent data on the correlation
between skin test reactivity and clinical rhinitis
symptoms are heterogenous. In a study published
by Ellis et al. [10], an investigation of 123 patients
with ragweed pollen allergy showed no correlation
between skin prick test reactivity and clinical rhini-
tis symptoms. A trial of Huss-Marp et al. [11] inves-
tigating the correlation between different challenge
tests, skin prick test reactivity and specific IgE levels
in 104 grass pollen allergic patients could show a
correlation between skin test reactivity and sIgE
levels, but not of clinical reactivity and specific
IgE levels.

ACC trials do not provide long-term exposure with
generation and direct evaluation of the late-phase
reactions, but evaluation of priming effects can
be done with ACC trials. Differences in clinical
reactivity immediately after season and out of
season, corresponding to a priming effect, were
newly investigated by Yuki ef al. [127]. In the present
trial, the authors stated that the symptoms
were induced more rapidly after the end of pollen
season than with out-of-season exposure. During
pollen season with variable amounts of pollen
counts, patients often exhibit symptom-free inter-
vals during phases of low pollen exposure. But
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Ovutcome measures

nevertheless, upregulation of inflammatory cells
and mediators occur. This minimal persistent
inflammation leads to increased sensitivity and
inflammatory response to allergens. The result of
such a priming effect is a more rapid onset of symp-
toms, but not a higher extent of symptoms, as
shown by Yuki et al. [12"]. That priming effects do
not influence the overall amount of symptoms
could be demonstrated also by Badorrek et al. [13].
The effect of a combination of 10mg cetirizine
and 120 mg pseudoephedrine was investigated in
a randomized, placebo-controlled, double-blind,
four-way crossover study in 70 patients with grass
pollen allergy. The preparation, which has been
established since the 1990s, was administered 2h
after the start of each 6-h ACC session. In this study,
there was no difference in the clinical efficacy of
the preparation, unless given in seasonally primed
patients or outside the season. This indicates that
ACC trials can be conducted not only outside the
pollen season, but also inside the pollen season, as
results are not influenced by the environmental
priming effects.

ACC pollen models are widely accepted. Natural
exposure levels are almost impossible to determine
because of high variabilities, and therefore trans-
ferability into ACC loads is no option. Determi-
nation of pollen allergen load within ACC systems
is usually done with the help of symptom response
[3*].

House dust mite models were first established in
the 1990s [14,135]. The authors used an allergen load
of 40-100 ng/m?, referring to a home exposure level
of 0.03-30 ng/m> with a mean particle size of 20 pm.
This allergen concentration could be shown to
induce allergic rhinitis symptoms as well as biphasic
asthmatic symptoms in sensitive individuals [135]
and is still used [5]. At the moment, several trials
are running focusing on the house dust mite model
to be revalidated.

Using topical intranasal or intrabronchial chal-
lenge fluids, the individual reaction threshold has to
be determined for each patient [16], which is very
complex. And also for challenge chamber systems,
the minimum pollen count per m? of air, that
induces symptoms in the majority of patients, has
to be determined. In Japan, ACCs investigating
Japanese cedar pollen allergics have been in use
since 2005 and have been validated systematically
[17]. In a recent North American trial, Japanese
cedar pollen counts three to four times the average
seasonal counts were required to elicit significant
symptoms [18"]. Two ACCs of different size were
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validated. The trial not only determined the necess-
ary amount of Japanese cedar pollen to cause
significant symptoms in allergic patients, but also
quantified the priming effects by repeated ACC
sessions up to four consecutive 2-h exposures.

A cat challenge model was established in 1993
[19]. In a recent trial, the treatment effect of oma-
lizumab in 69 cat asthmatic patients was investi-
gated by Corren et al. [20™]. In this randomized,
double-blind, placebo-controlled parallel group
study conducted in three different study centres,
cat allergic patients were challenged before and after
16 weeks of treatment with subcutaneous omalizu-
mab or placebo. Cat challenges were performed in a
room comparable to a living room with upholstered
furniture and a blanket. The room was contami-
nated with cat allergens with the help of two neu-
tered adult cats, which were kept in the closed room
at all times except during challenges. The trial is very
instructive for two reasons: investigators argued that
one main criterion to use an ACC instead of a topical
allergen provocation test was the different allergenic
particle size leading to different clinical pictures of
upper and lower airway symptoms. Explanation on
that point is provided by De Blay [21]. The median
level of Fel d 1 at home capable of inducing symp-
toms in 50 samples was evaluated. The author men-
tioned that a positive bronchial challenge test was
achieved with 13.5ng/m? of Fel d 1 with 10.3 pm
particle size. The median time for the onset of
symptoms was 30min. Thus, at home, the mini-
mum amount of Fel d 1 needed to induce symptoms
was 4.2ng. This indicated that bronchial challenges
with particles greater than 10 pm of cat allergen are
comparable to the levels of Fel d 1 that induce
symptoms at home. Furthermore, they investigated
the house dust mite exposure at home in 37 mite
allergic patients. There were about 60 ng/m?> of Der p
1 found in the air after air turbulences, 80% had a
particle size greater than 10 pm. The authors esti-
mated the amount of Der p 1 to induce symptoms at
home was 12ng, with an onset time of around
30 min. In their bronchial challenge tests, they used
23 ngof Derp 1, so the levels were comparable to the
environmental exposure.

Furthermore in the omalizumab trial [20""], cat
allergen levels were highly variable within and
amongst the three study centres; the levels of Fel
d 1 allergen ranged between O (undetectable) and
around 23 000ng/m?. The median level of Fel d 1
allergen was 425ng/m® at baseline challenge
and 429ng/m*® at week 16. The highest level of
22631 ng/m3 was measured once; no other measure-
ment exceeded 6445 ng/m>. Only at very high con-
tinuous exposure levels, FEV1 decrease was more
pronounced in the placebo group. A high variability
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in cat allergen levels was reported in the past in
several trials investigating environmental exposure.
Levels of airborne cat allergens are described
between around 2 and 600ng/m?* in homes with
cats and around 3-90 ng/m?® in homes without cats
(see [20™%]). A cumulative effect with increasing
allergen concentrations over time of cat persistence
could be shown.

In another recent trial, clinical efficacy of intra-
cutaneous Fel d 1 derived peptides was determined
with help of a challenge chamber model [22]. This
study was a randomized, double-blind, placebo-
controlled, parallel group study evaluating the
safety and efficacy of intradermal injections of
two dosing regimens of Cat-PAD performed in
Canada. The research group used a validated aller-
gen-dispensing system to ensure a mean airborne
level of around 50 ng of Fel d 1 per m?. The authors
determined the chosen allergen amount to be com-
parable to the previously measured home exposure
levels of 10-200 ng/m? in homes with cats. A total of
202 individuals were treated with the peptide or
placebo and were exposed to the cat allergen ahead
of the treatment for baseline evaluation and around
5 months after the start of treatment. Priming effect
was induced by 3-h challenges on four consecutive
days in the ACC. A subgroup of 89 patients were
followed up and rechallenged 1 year after the start of
treatment. A significantly better efficacy was shown
with four administrations separated by 4 weeks of
the 6nmol dose than for eight administrations
separated by 2 weeks of the 3nmol dose of the
preparation.

A strong correlation between the allergic symp-
toms evoked by natural allergen exposure versus
clinical symptomatology in an environmental
exposure unit could be demonstrated by Jacobs
etal. [23"]. The authors investigated different reaction
types of allergic rhinitis in 31 patients as well as the
clinical cross-reactivity of different ragweed types in
26 of the 31 patients with the help of both challenge
models. They were not only able to differentiate three
reaction types of allergic rhinitis, but also to demon-
strate strong correlation of clinical symptoms in both
challenge models, the environmental exposure unit
and the natural seasonal exposure. So comparability
between natural exposure and experimental
exposure in an ACC is better provided by clinical
symptoms and not by allergen load.

Validation criteria for ACC systems have been estab-
lished indicating the need for standardizing the
system itself, in comparison with other ACCs and
against natural allergen exposure. The level of
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evidence concerning the validity and reliability of
allergen chamber systems is steadily growing,
especially for specific allergen models, priming
effects and reproducibility of results in the same
study population at different time points and with
different challenge systems. Evidence on the equiv-
alence of natural pollen exposure versus experimen-
tal pollen exposure in an ACC is not easy to achieve
because of two main reasons: very heterogenous
intraseasonal pollen counts over the years are not
correlating with the allergen amount and the aller-
genicity of the pollen, which is influenced by
humidity, air pollution and other exogenous fac-
tors, that are not yet fully elucidated and cannot be
mimicked by an ACC. To compare the natural to
experimental allergen exposure in an ACC, the use
of clinical symptoms as a criterion instead of aller-
gen load is the better option.
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