The phosphodiesterase 4 inhibitor
roflumilast is effective in the treatment

of allergic rhinitis

Bernhard M. W. Schmidt, MD,2 Matthias Kusma,2 Martin Feuring, MID,2 Wolfgang E.
Timmer, MD,P Markus Neuhauser, PhD,» Thomas Bethke, MD,? Boris A. Stuck, MD,¢
Karl Hérmann, MD,¢ and Martin Wehling, MD2 Mannheim and Konstanz, Germany

Background: The beneficial effects of phosphodiesterase 4
(PDE4) inhibitors in allergic asthma have been shown in previ-
ous preclinical and clinical studies. Because allergic rhinitis
and asthma share several epidemiologic and pathophysiologic
factors, PDE4 inhibitors might also be effective in allergic
rhinitis.

Objective: The main objective of this study was to investigate
the efficacy of oral roflumilast (500 pg/day) in allergic rhinitis.
Methods: In a randomized, placebo-controlled, double-blinded,
crossover study, 25 subjects (16 male, 9 female; median age, 28
years) with histories of allergic rhinitis but asymptomatic at
screening received roflumilast (500 g once daily) and placebo
for 9 days each with a washout period of at least 14 days in
between treatment periods. In each of the treatment periods,
controlled intranasal allergen provocation with pollen extracts
was performed daily beginning the third day of treatment, each
time approximately 2 hours after study drug administration.
Five and 30 minutes after each allergen provocation, rhinal air-
flow was measured by means of anterior rhinomanometry and
the subjective symptoms obstruction, itching, and rhinorrhea
were assessed by means of a standardized visual analog scale.
Results: Rhinal airflow improved almost consistently during
the 9 days of roflumilast treatment, and it was significantly
higher at study day 9 on roflumilast in comparison with place-
bo, a result also found for itching and rhinorrhea. With
respect to the subjective obstruction score, a significant differ-
ence in comparison with placebo could be demonstrated within
4 days.

Conclusion: This study shows that a PDE4 inhibitor, roflumi-
last, effectively controls symptoms of allergic rhinitis. Thus
PDE4 inhibitors might be a future treatment option not only in
allergic asthma but also in allergic rhinitis or the combination
of the 2 diseases. (J Allergy Clin Immunol 2001;108:530-6.)
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Abbreviation used
PDE: Phosphodiesterase

Allergic rhinitis is a common disease that is estimated
to affect approximately 8% to 24% of the population in
industrialized countries.!2 Although the disease is gener-
ally viewed as a minor nuisance, its symptoms—nasal
obstruction, itching, rhinorrhea, and concomitant alter-
ation of the eyes—generally impair the health-related
quality of life in patients with either the perennial form
or the seasonal form. Whereas the latter is induced main-
ly by natural pollen exposure, the former is triggered by
various environmental allergens (eg, house dust and ani-
mal hair). On immunologic exposure, mediators such as
prostaglandin D2, leukotriene E4, tryptase, and hista-
mine are generated, reflecting the early allergic reaction.
The subsequent allergic inflammation is mostly due to
recruitment of eosinophils and metachromatic cells.3

The clinical impact of allergic rhinitis is enhanced by
associated complications, such as sinusitis due to nasal
obstruction, and by the rhinitis-asthma link; up to 40% of
children and adolescents with allergic rhinitis also devel-
op allergic asthma.>

If complete allergen avoidance cannot be achieved or
if immunotherapy has not been effective or is unsuit-
able—eg, in patients with sensitivity against multiple
allergens®—drug therapy for allergic rhinitis becomes
necessary. At present, first-line drug therapy for allergic
rhinitis includes topical intranasal steroids and oral anti-
histamines.” However, there is a longstanding discussion
on the potential side effects of these medications. Long-
term treatment with the available topical steroids might
lead to atrophy of the rhinal mucosa and, especially in
children, to systemic side effects, and some antihista-
minic drugs might cause drowsiness or cardiac side
effects, which are reflected by prolongation of the QT-
interval. Despite the fact that the new generations of top-
ical steroids and oral antihistamines seem to have con-
siderably more moderate side effect profiles, the need
remains for alternative drug therapies that are both safe
and efficacious in allergic rhinitis.

One group of potential therapeutic agents are phospho-
diesterase 4 (PDE4) inhibitors, which are currently under
investigation for use in allergic asthma (for a review, see
Giembycz8). These drugs exert anti-inflammatory activi-
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ty by blocking the degradation of cyclic adenosine
monophosphate in lymphocytes, eosinophils, neutrophils,
and monocytes, thus leading to an attenuated release of
histamine and leukotrienes as well as of several cytokines,
including IL-4, IL-5, IL-10, and GM-CSF.%-13 These
effects have been well established in vitro and in animal
models of allergic asthma (for reviews, see Giembycz et
all4 and Torphy!5).

One such PDE4 inhibitor currently under clinical inves-
tigation is roflumilast (3-cyclopropylmethoxy-4-difluo-
romethoxy-N-[3,5-di-chloropyrid-4-yl]-benzamide; Byk
Gulden Pharmaceuticals, Konstanz, Germany).!6:17 Roflu-
milast exerts selective anti-inflammatory activity in effec-
tor cells, such as mast cells, eosinophils, neutrophils, T
lymphocytes, and macrophages, as shown in in vitro and
in vivo studies. Preclinical animal models have indicated
that roflumilast inhibits the inflammatory component of
asthma; for example, after oral administration of roflumi-
last to guinea pigs challenged with ovalbumin, a marked
inhibition of the specific allergic reaction could be demon-
strated, as assessed by cell and protein influx into bron-
choalveolar lavage liquid.!6:17

In phase I studies, approximately 200 subjects were
exposed to oral doses of roflumilast; of these, more than
150 subjects received repeated daily doses of 500 pg/day
for durations of up to 28 days. Furthermore, in phase
II/III studies, more than 1600 patients with allergic asth-
ma were exposed to roflumilast; of these, approximately
400 patients received 500 pg/day for a total duration of
more than 9 months. Approximately 150 of these patients
received the same dosage for more than 1 year. With
respect to studies of chronic obstructive pulmonary dis-
ease, roflumilast has been administered to more than 600
patients; most of them have now been receiving roflumi-
last for more than 6 months, and approximately 200 of
them have been receiving 500 pg/day.

A dose of 500 pg of roflumilast was found to be safe
and well tolerated in healthy volunteers included in sev-
eral phase I studies. In addition, higher doses of up to
5000 pg have been investigated. Given its pharmacoki-
netic half-life, which is approximately 10 to 15 hours,
roflumilast is administered in a once-daily regimen. The
fact that a simple treatment schedule improves patient
compliance and thus efficacy further favors a once-daily
treatment regimen over more complex schedules.

Because PDE4 inhibitors demonstrate anti-allergic and
anti-inflammatory properties, they might be of benefit in
the management of allergic rhinitis. We therefore con-
ducted a controlled allergen provocation study in patients
with histories of seasonal allergic rhinitis, investigating
the efficacy of the new PDE4 inhibitor roflumilast.

METHODS
Overall study design

The study was a randomized, placebo-controlled, double-blinded,
2-period crossover trial. This study design allowed for comparison
of the 2 treatments with each subject serving as his or her own con-
trol. To ensure controlled conditions of antigen exposure, the study
was conducted during the allergen-free season, controlled allergen
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challenge being performed during both treatment periods, as
described below. At screening and on each study day, it was con-
firmed that patients were free of symptoms, including those caused
by airborne allergens.

Each patient, randomly assigned to 1 of 2 sequence groups (rof-
lumilast/placebo or placebo/roflumilast), received roflumilast and
placebo for 9 days each, according to the treatment crossover design
of the study; there was a washout period of at least 14 days between
treatments. A washout period of 14 days was chosen to exclude a
carryover effect. Because of the half-life of roflumilast (approxi-
mately 10 to 15 hours), the minimum washout period required
would have been approximately 6 days (10 times the half-life); to be
on the safe side, the washout period was prolonged to 14 days.

The maximum concentration of roflumilast (given as the geo-
metric mean with 68% range) is 3.845 (3.013 to 4.907) ug/L when
the subject has eaten (breakfast) and 6.517 (4.979 to 8.531) ug/L
when the subject has fasted. Because the time of maximum concen-
tration of roflumilast is approximately 2 hours, controlled intranasal
allergen provocation with commercially available pollen extracts
was performed on treatment days 3 through 9, each time approxi-
mately 2 hours after study drug administration. Five and 30 minutes
after allergen challenge, rhinal airflow was measured by means of
rhinomanometry and the subjective symptoms obstruction, itching,
and rhinorrhea were assessed by means of a standardized visual
analog scale, as described below. The 2 different assessment time
points were chosen because of the known variability in the time
course of a patient’s response to allergen challenge.

Subjects

Twenty-five subjects (16 male and 9 female), each with a histo-
ry of seasonal allergic rhinitis but asymptomatic at screening, were
enrolled and included in the safety analysis. A total of 24 subjects
(12 of each sequence) completed the study (median age, body
weight, and height were 27 years, 76 kg, and 181 cm, respectively)
and were available for efficacy analysis. One subject, having
received 4 doses of roflumilast, was prematurely withdrawn by his
own decision on day 4 of the first treatment period.

Inclusion criteria included the following: a history of seasonal
allergic rhinitis (as stated by the patient); positive skin prick test
results (see below); a reduction of at least 33% in mean rhinal air-
flow after allergen provocation, as measured by rhinomanometry;
age between 18 and 45 years. Exclusion criteria included the fol-
lowing: any active disease or relevant abnormalities, as assessed in a
prestudy examination; abnormal ear, nose, and throat status (eg, rel-
evant septum deviation); symptoms of allergic rhinitis at screening;
history of asthma attacks or severe anaphylactic reactions; any his-
tory of drug allergy; use of any medication during the 2 weeks pre-
ceding the study; topical or systemic anti-allergic medication use,
including steroids or decongestive nose drops, during the 4 weeks
preceding the study. Subjects were not allowed to smoke more than
10 cigarettes per day or to drink alcohol or coffee to excess (>20 g
of alcohol or >5 cups of coffee per day). In addition, the following
exclusion criteria were taken into account for women: no reliable
contraception in the cycle before and after the study as well as dur-
ing the study period (only intrauterine devices or registered hormon-
al contraceptives were allowed); pregnancy; lactation period.

Screening procedure and allergen
provocation

Each of the subjects had a comprehensive medical examination
performed within the 2 weeks before study inclusion. This screening
examination consisted of the following: the taking of a medical his-
tory; physical examination, including nose and throat; 12-lead elec-
trocardiography; body temperature recording; clinical laboratory
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parameter determination; and a skin prick test through use of a stan-
dard battery of 20 common aeroallergens extracts*. In case of a pos-
itive skin prick test result (defined in comparison with the histamine
and a negative control as a wheal diameter 3 mm larger than that of
the negative control) to the pollen preparation, active anterior rhino-
manometry was carried out to obtain a baseline rhinal flow value; this
was followed by a controlled antigen exposure with commercially
available pollen extracts (Allergopharma Joachim Ganzer KG).

Allergen challenge was done by spraying 2 puffs of the pollen
suspension in each nostril. For antigen delivery, metered-dose sprays
were used to provide 0.05 mL atomized solution per puff. The aller-
gen concentration was 5000 standardized biological units/mL. The
pollen extracts were selected individually for each subject by choos-
ing the 1 or 2 allergens that had evoked a major reaction in the skin
prick test during the screening examination. For particular subjects,
the same allergens were used during the entire study. These were
grass in 8, rye in 7, birch in 5, and hazel in 2 patients. Two patients
received hazel and grass. Nasal congestion was objectively assessed
by standardized rhinomanometry through use of commercially avail-
able equipment (Allergopharma Joachim Ganzer KG).

Rhinal airflow was determined as the sum of the values of both
nostrils obtained at a pressure difference of 150 Pa. The rhinal flow
values at 5 and 30 minutes after allergen provocation were averaged
before further analysis. The percentage change from the predose
value served as inclusion criterion. A subject was included in the
study only if the rhinal flow decreased by at least 33% after aller-
gen provocation at screening.

Study medication

Roflumilast at a dose of 500 g once daily (2 tablets of 250 ug
each) and placebo were administered in tablets of identical appear-
ance to ensure that proper blinding was maintained.

Course of the study

In each treatment period, the study medication was administered
on each of 9 consecutive days (study days 1 through 9) at approxi-
mately 8:00 AM under the supervision of the investigator. Two
tablets, each containing 250 pg of roflumilast or placebo, were
administered with 200 mL tap water after the subject ate a conti-
nental breakfast. Controlled antigen challenge was performed at
10:00 AM for 7 consecutive days (study days 3 through 9) in each
study period by spraying 2 puffs of the pollen suspension into each
nostril, as described for the screening visit. Five and 30 minutes
after each allergen provocation, subjective nasal symptoms—
obstruction, itching, and rhinorrhea—were evaluated and rhino-
manometric measurements were performed.

The 3 subjective symptoms were assessed by means of a stan-
dardized visual analog scale (10 cm), the readings ranging from “Not
in existence” to “Very strong.” Considering the severity of the symp-
tom, the subject indicated the corresponding position on the scale,
and the distance between “Not in existence” and the position indicat-
ed (in centimeters) represented the symptom score assigned (a value
between 0 and 10). At each time point, the assessment of the subjec-
tive rating (both nostrils included) was done before the rhinomano-
metric measurements, because nasal symptoms can be temporarily
influenced by the local manipulation imposed during measurement.

The safety of roflumilast was assessed by continuous monitoring of
adverse events and by additional safety measurements made at a final

*The following allergens were used: maple, birch, early flowers, grain,
grass (2 different preparations), rye, herbs, bushes, nettle, hazel, Aspergillus
Sfumigatus, Candida albicans, Cladosporidium, Penicillium notatum, Tri-
chosporum, mite (2 preparations), and animal epithelia (2 preparations;
Allergopharma Joachim Ganzer KG, Reinbek, Germany).
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visit. The poststudy examination, including an ear, nose, and throat
examination, was performed within 2 weeks of completion of the study.

Biostatistical methods

The primary variable for confirmative biostatistical analysis was
rhinal airflow, as determined by rhinomanometry. The comparison
of the rhinal airflow values was done by means of ANOVA for the
2-treatment, 2-period crossover design after logarithmic transfor-
mation. A separate ANOVA was performed for each of days 3
through 9. Treatment differences for these 7 days were tested by
means of a stepwise closed testing procedure without need to adjust
the o-level!8; consecutive comparisons were performed beginning
with day 9. If the difference was found to be significant, testing was
done for day 8. This procedure was followed in reverse order until
day 3. In case of a nonsignificant result, subsequent comparisons
were not performed. For the sake of consistency with the multi-
plicative model, geometric means were calculated for rhinal airflow.

Secondary variables included the subjective nasal findings
(obstruction, itching, and rhinorrhea). These variables were ana-
lyzed as described above for the rhinal flow, except that an additive
model was used.!? For itching and rhinorrhea scores, the evaluation
was performed separately for the time points 5 minutes and 30 min-
utes after allergen provocation, because itching and rhinorrhea
scores were generally lower at 30 minutes than at 5 minutes (in con-
trast to rhinal airflow and obstruction score, for which similar val-
ues were obtained at the 2 time points). Because of their explorato-
ry nature, no adjustment of the o-level was made for the testing of
these multiple secondary variables.

The sample size of 24 subjects was chosen to provide 80%
power in detecting a 20% difference in rhinal flow on roflumilast
versus placebo at a significance level of 5% (2-sided), assuming an
intrasubject coefficient of variation of approximately 20%, as indi-
cated in a previous study.20

Organization of the study

The study was conducted in accord with the revised Declaration
of Helsinki, the German Drug Law, and the requirements of Good
Clinical Practice.2! Ethical approval was obtained from the inde-
pendent Ethics Committee of the Faculty of Clinical Medicine
Mannheim of the University of Heidelberg. The clinical portion of
the study was conducted at the Mannheim University Hospital, Ger-
many, and sponsored by Byk Gulden Pharmaceuticals.

Results
Efficacy analysis

Roflumilast consistently provided greater improve-
ment than placebo in geometric mean rhinal flow on all
allergen provocation days (Fig 1). In comparison with
placebo, roflumilast exhibited a statistically significant
(P =.007) greater improvement (15%) on day 9. Because
the difference on day 8 did not reach statistical signifi-
cance, data from the earlier days (3-7) were not subject-
ed to further hypothesis testing.

This finding was confirmed by the results of the sub-
jective obstruction score (Fig 2). Roflumilast demonstrat-
ed a significant difference in comparison with placebo (P
< .05; 2-sided) from study day 4 to study day 9. The sub-
jective impression of symptom alleviation in comparison
with placebo was highest on day 5 (with a reduction of
42% in the airway obstruction symptom score). Inasmuch
as the subjective feeling of obstruction is caused by mul-
tiple factors in addition to the measured nasal flow, this
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FIG 1. Time course of airway obstruction, determined objectively by rhinomanometry (geometric mean and
SEM; n = 24) after controlled allergen challenge (5 and 30 minutes averaged) during treatment (days 3 to

9) with 500 ug of roflumilast (®) and placebo (O).
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FIG 2. Time course of airway obstruction symptom score (mean and SEM; n = 24) after controlled allergen
challenge (5 and 30 minutes averaged) during treatment (days 3 to 9) with 500 pg of roflumilast (®) and

placebo (O).

not only confirms but expands the relevance of the results
of the objectively determined rhinal flow.

On all study days, the mean itching and rhinorrhea scores
during roflumilast treatment were below those obtained dur-
ing placebo treatment at either measuring time point. Mean
itching and rhinorrhea scores observed at 5 minutes were
higher than those observed at 30 minutes after allergen chal-
lenge, independently of whether the subjects received place-
bo or the active compound. With respect to itching, roflu-
milast treatment demonstrated a statistically significant
difference in comparison with placebo at both time points
on day 9 and at 5 minutes on all study days (Fig 3). Fur-
thermore, with respect to rhinorrhea, roflumilast treatment
demonstrated a statistically significant difference in com-
parison with placebo at 5 minutes on days 8 and 9 (Fig 4).

Safety

In general, treatment with roflumilast was found to be
safe and well tolerated. No clinically relevant abnormal-
ities in physical examination or clinical laboratory find-
ings were noted. During treatment with roflumilast,
headache was reported most frequently (7 of 25 sub-
jects), followed by nausea (5 of 25) and dizziness (4 of
25). Most of the adverse events were mild; only 2 cases
of headache were classified as moderate by the investi-
gator. All of these events subsided spontaneously during
continuous treatment. No serious adverse event occurred.
The duration of the adverse events varied between 1 hour
and 10 days. In the placebo group, only 2 adverse events
were reported (dizziness and hiccups).
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FIG 3. Time course of itching score (mean and SEM; n = 24) after controlled allergen challenge (separately
for 5 and 30 minutes) during treatment (days 3 to 9) with 500 ug of roflumilast (5 minutes, ®; 30 minutes,

M) and placebo (5 minutes, O; 30 minutes, ).
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FIG 4. Time course of rhinorrhea score (mean and SEM; n = 24) after controlled allergen challenge (sepa-
rately for 5 and 30 minutes) during treatment (days 3 to 9) with 500 pg of roflumilast (5 minutes, ®; 30 min-

utes, M) and placebo (5 minutes, O; 30 minutes, [).

DISCUSSION

This is the first study demonstrating the efficacy of a
PDE4 inhibitor in allergic rhinitis. The results clearly
show that the PDE4 inhibitor roflumilast is effective in
relieving the symptoms of allergic rhinitis.

This effect might be mediated by the immunomodula-
tory and anti-inflammatory action of specific inhibitors of
the PDE4 isoenzyme, which is prevalent in white blood
cells.22 Specific inhibitors of PDE4 are currently under
investigation, mainly for use in chronic obstructive pul-
monary disease and asthma (for review, see Giembycz8
and Schudt et al23). Inhibition of PDE leads to increased
intracellular cyclic adenosine monophosphate levels,
which in turn suppress histamine release from mast cells
and the release of several cytokines and chemokines that
are involved in allergic inflammation, such as IL-1B, IL-

4,10 TL-5, 1L-10, IL-8,!! TNFo? and leukotrienes.!2-13 In
particular, the recruitment of eosinophils is decreased
because of the reduced release of cytokines, especially
IL-5, and probably also because of the lower expression
of adhesion molecules on endothelial cells.24 PDE4
inhibitors might also play a role in Tyy1-mediated autoim-
mune diseases because of their inhibition of T-cell prolif-
eration and a shift of the cytokine profile toward a Ty2-
phenotype,25 which is accompanied by the suppression of
MHC-II activated immunity.26 In contrast to that of the
glucocorticoids, the activity of PDE4 inhibitors appears to
be even more pronounced in patients with a predisposi-
tion to atopic reactions.2’

It was postulated that PDE4 inhibitors might be effec-
tive in the treatment of allergic rhinitis, inasmuch as the
reaction causing allergic rhinitis uses, at least in part, the
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immunologic pathways that are used by allergic asthma.
The results of the current study support this hypothesis.
An increase of the rhinomanometrically measured airflow
was found as early as 3 days after treatment start, reach-
ing statistical significance in comparison with placebo
after 9 days. The difference in subjective impression of
obstruction alleviation became significant on the fourth
treatment day. Furthermore, statistically significant relief
in comparison with placebo regarding the allergic symp-
toms itching and rhinorrhea was demonstrated.

Our study design might be seen as artificial. A more
“natural” approach in pharmacodynamic studies is eval-
uation of the efficacy of a newly developed antiallergic
drug in patients with allergic rhinitis during the pollen
season, using natural allergen exposure.28 Use of this
method would have provided the advantage of evaluating
nasal symptoms under the patients’ usual living condi-
tions. However, the concentration of airborne pollen
grains might then have varied during the trial period, and
this in turn would have influenced the study results. With
controlled antigen challenge, an improved standardiza-
tion of the study conditions could be achieved. To avoid
additional exposure to airborne allergens, any such trial
should be performed during the allergen-free season.2?

During the clinical development of a new antiallergic
drug such as roflumilast, the first exploratory study
might be conducted during the allergen-free season
through use of controlled antigen delivery, inasmuch as
the highly standardized conditions allow a relatively
small sample size for such a “proof-of-concept” trial. In
later phases, when the efficacy is to be confirmed in a
larger number of patients in phase III trials, the studies
should be conducted during the pollen season under the
patients’ usual living conditions. This is also required by
agencies considering registering of the drug.

In the present study, a spray was used to deliver a
defined amount of pollen extract into the nostrils.
Although favorable experiences with environmental
exposure units have been reported,30-31 the method is
expensive and requires special facilities. In contrast to
the environmental exposure unit, in which all subjects are
exposed to the same aeroallergens, the method of
intranasal allergen provocation allows the individual
selection of a particular allergen to be used for provoca-
tion, an approach that we considered at least equally
valid for the type of study conducted.

The rationale for performing multiple challenges in
this study was to simulate the conditions of natural aller-
gen exposure over prolonged periods; furthermore, we
were thereby able to determine the onset of action of rof-
lumilast treatment. This approach had proved to be use-
ful in a previous trial reported by us, in which the onset
of efficacy of an intranasally given steroid was deter-
mined.2% In contrast to the previous investigation, a pre-
treatment with the trial medication was performed on the
2 days before the start of the allergen challenge, because
it was hypothesized that roflumilast would already show
activity on the third treatment day (preventive model);
this, however, was not the case.
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Because of the repeated activation, a priming effect
could have occurred during the study periods. However,
as seen in Fig 1, rhinal airflow rose in the placebo period
on days 7 through 9 in comparison with days 3 through
6, suggesting that no priming effect occurred. It is prob-
able that once-daily exposure to the allergen is not suffi-
cient to induce a priming effect.

Determination of nasal air flow as a sum after allergen
release to both nostrils is not a standard measure in the
clinical setting. It was chosen in this study to reduce
intraindividual variability, inasmuch as the effects of the
physiological cyclic swelling of the nasal mucosa would
be expected to average out. Moreover, the method of con-
trolled intranasal allergen challenge and the subsequent
evaluation of drug efficacy by concomitant use of anteri-
or rhinomanometry and a symptom score had been
shown to be reliable and valid in a previous trial.20 It was
found that the clinical efficacy of topical steroids admin-
istered as nasal sprays can be quantitatively assessed by
rhinomanometry.32 The use of symptom scores is like-
wise a commonly accepted method.33 Although the
results of subjective and objective assessment of nasal
obstruction have been shown to be significantly correlat-
ed,3* there have also been reports that the rhinomano-
metric measurements of nasal airflow do not always
reflect the patients’ sensation of nasal obstruction.35
Therefore, the present study evaluated the intensity of
subjective nasal symptoms in parallel with rhinomano-
metric airflow measurements, because this complemen-
tary information might provide a more reliable assess-
ment of nasal symptoms than the objective
measurements alone. This study design was considered
particularly useful for a first efficacy study on a new
antiallergic compound and was thus chosen for the cur-
rent trial with roflumilast.

In conclusion, this study provides evidence that oral
treatment with roflumilast is an effective antiallergic
therapy in allergic rhinitis. The improvement in airway
obstruction seen after oral administration of the PDE4
inhibitor roflumilast was slightly inferior to the treatment
effect seen in our previous study of comparable design,
which evaluated the intranasal administration of the new
topical steroid ciclesonide.20 Direct comparison of the
results of the present study with literature data obtained
with other classes of drugs is hampered by substantial
differences in the study designs. Several points have to be
taken into consideration—eg, primary variables (objec-
tive/subjective assessment of symptoms), sample size,
allergen exposure (natural/controlled), and overall statis-
tical plan (parallel-group design/crossover design). The
efficacy results of the present study are noteworthy, but
given that our findings were obtained in a relatively small
group of patients (N = 24), further studies will be
required to evaluate the efficacy of roflumilast in patients
with allergic rhinitis under more natural environmental
and common clinical practice conditions. Moreover,
comparative studies against established treatment regi-
mens will be necessary to further specify the place that
PDEA4 inhibitors might take in this indication field.
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