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Intranasal and inhaled fluticasone propionate for pollen-induced

rhinitis and asthma

Rhinitis and asthma often occur as comorbid conditions.
Epidemiological studies have demonstrated that about
60–80% of asthmatic individuals suffer from allergic
rhinitis, and conversely approximately 20–40% of
patients with allergic rhinitis suffer from asthma (1, 2).
Pathophysiological studies have demonstrated several
similarities in the nose and the bronchi, indicating that
agents such as allergens and aspirin can trigger exacer-
bations of both asthma and rhinitis leading to inflamma-
tory mucosal responses (3). Allergen challenge leads to an
increase in mast cells, eosinophils, lymphocytes, and the
expression of Th2-profile proinflammatory cytokines in
both allergic rhinitis and asthma (4, 5), and additionally,
challenge in either the upper or lower airways of patients
with rhinitis has been shown to increase eosinophilia in
both the upper and lower airways, suggesting a link

between the upper and lower airways (6). Allergic rhinitis
predisposes an individual to the development of asthma
and/or to an increase in asthma symptoms (7, 8). There is
also evidence suggesting appropriate treatment of allergic
rhinitis to result in improvement of asthma (9–11). To
date, however, no study has investigated the optimal
treatment of pollen-induced rhinitis and asthma using
intranasal and/or inhaled corticosteroids. Consequently,
the aim of this study was to compare the effect of
intranasal fluticasone propionate (INFP) and inhaled
fluticasone propionate (IHFP) on nasal and bronchial
symptoms, lung function and inflammatory cells of
induced sputum in pollen-induced rhinitis and asthma.
Fluticasone proprionate was selected for study due to the
virtual absence of systemic bioavailability with intranasal
application (12, 13).

Background: Studies suggest that nasal treatment might influence lower airway
symptoms and function in patients with comorbid rhinitis and asthma. We
investigated the effect of intranasal, inhaled corticosteroid or the combination of
both in patients with both pollen-induced rhinitis and asthma.
Methods: A total of 262 patients were randomized to 6 weeks� treatment with
intranasal fluticasone propionate (INFP) 200 lg o.d., inhaled fluticasone prop-
ionate (IHFP) 250 lg b.i.d., their combination, or intranasal or inhaled placebo,
in a multicentre, double-blind, parallel-group study. Treatment was started
2 weeks prior to the pollen season and patients recorded their nasal and bron-
chial symptoms twice daily. Before and after 4 and 6 weeks� treatment, the
patients were assessed for lung function, methacholine responsiveness, and
induced sputum cell counts.
Results: Intranasal fluticasone propionate significantly increased the percentages
of patients reporting no nasal blockage, sneezing, or rhinorrhoea during the
pollen season, compared with IHFP or intranasal or inhaled placebo. In con-
trast, only IHFP significantly improved morning peak-flow, forced expiratory
volume in 1 second (FEV1) and methacholine PD20, and the seasonal increase in
the sputum eosinophils and methacholine responsiveness.
Conclusions: In patients with pollen-induced rhinitis and asthma, the combina-
tion of intranasal and IHFP is needed to control the seasonal increase in nasal
and asthmatic symptoms.
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Methods

Patients

Patients aged 12 years and above, with an established clinical his-
tory of pollen-induced asthma and rhinitis during two of the last
three seasons and positive skin test or radioallergosorbent test to
relevant pollen allergens, were enrolled into the study. All had
normal lung function, as indicated by prebronchodilator forced
expiratory volume in 1 s (FEV1) >80% of predicted value and
FEV1/VC >70%, and no signs or symptoms of asthma outside the
pollen season. Patients who suffered from asthma and rhinitis be-
cause of allergens other than pollen, and those receiving chronic
treatment with antiasthma medication or any immunosuppressants
and/or immunotherapy over the last 3 years were excluded. The
study population consisted of 69% never smokers, 15% previous
smokers and 16% current smokers. Smoking status was equally
distributed between treatment groups.

Study design

This was a randomized, double-blind, double dummy, placebo-
controlled, parallel-group, multicentre study. The study involved
four scheduled clinic visits. At the first visit, 4–6 weeks prior to the
pollen season, patient demographics and medical history were
recorded. Asthma and rhinitis symptoms and vital signs were
assessed, lung function was measured, and methacholine bronchial
challenge was performed. Induced sputum samples were collected.
All eligible patients returned 2 weeks before the pollen season
(visit 2) and following re-assessment as above, they were random-
ized to receive one of the following: (i) FP aqueous nasal spray
200 lg o.d., Flixonase� (INFP) + IHFP 250 lg b.i.d., Flixotide�
via DiskusTM dry powder inhaler (IHFP), (ii) INFP + inhaled
placebo, (iii) intranasal placebo + IHFP, or (iv) intranasal pla-
cebo + inhaled placebo. The patients were issued with diary cards
and study medication. After treatment for 4 (visit 3) and 6 weeks
(visit 4), the patients were re-assessed as before, and additionally for
any adverse events and concurrent medication usage. At visit 3,
methacholine bronchial challenge was performed and at visit 4 in-
duced sputum samples were collected.
Patients were recruited between March 1998 and August 1999,

and the study was completed in October 1999. The study was
approved by the local Ethics Committees from the different centres
and all patients gave written informed consent.

Outcome measures

Diary-card measures. Patients recorded morning and evening peak
expiratory flow (PEF) during the entire study period, using mini-
Wright peak flow meters (Clement Clarke International Ltd,
Harlow, UK). Patients did this prior to taking their medication,
recording the best of three measurements.
Additionally, patient records of daytime and night-time asthma

and rhinitis symptoms (scored on a 4-point scale ranging from a
score of 0 for no symptoms to 3 for incapacitating asthma/severe
rhinitis symptoms) and use of rescue medication (inhaled salbuta-
mol, intraocular levocabastine and oral acrivastine) were assessed.

Laboratory measures at clinic visits. Methacholine challenge:
Bronchial provocation with inhaled methacholine was performed
according to the recommendations of the European Respiratory
Society (14). Following baseline FEV1 measurement, the patient
inhaled five breaths of nebulised control saline solution. The
FEV1 was recorded again after 90 s and the patient was

challenged at 5 min intervals with doubling concentrations of
methacholine ranging from 0.125 to 32 mg/ml, until a 20% fall in
postsaline FEV1 was recorded. All results were expressed as
cumulative inhaled dose causing a 20% fall in FEV1 (PD20) and
given in lmol. The highest cumulative dose was equal to
14.7 lmol.
Sputum induction and processing: Sputum was induced and

processed according to a standardized protocol (15). Prior to
sputum induction, baseline FEV1 was assessed and the patient
inhaled 200 lg salbutamol. The patient then inhaled increasing
concentrations (0.9, 3, 4 and 5%) of saline aerosol, until a suf-
ficient sputum sample (250–300 mg) was obtained or until FEV1

decreased by >20%. Sputum plugs were separated from saliva,
weighed and dispersed with freshly prepared 10% dithiothreitol
solution. The suspension was filtered through a 48 lm nylon
mesh and centrifuged at 400 g for 10 min. The cell pellet was
re-suspended in phosphate-buffered saline and analysed for cell
viability and total cell count in a haemocytometer, and for
differential cell counts in cytospin slides after May-Grunwald
Giemsa staining.

Sample size and randomizations

On the basis of variance (SD) for mean morning PEF of 45 l/min
observed in previous studies, and assuming 90% power, a two-
sided t-test for the pairwise comparison between placebo and
IHFP, and a 5% significance level, it was planned to recruit
95 subjects per treatment arm. A randomization schedule was
prepared using an in-house validated computer system by
GlaxoSmithKline. The schedule was derived using a prespecified
block size of 4, to ensure equal randomization between the
treatment groups. The schedule was then used to prepare treat-
ment packs and preprinted randomization envelopes for distri-
bution to the study centres, with each centre receiving a number
of complete blocks from the schedule. Investigators were
instructed to allocate treatment packs to subjects sequentially,
and to record the treatment number on the case record forms.
Treatment packs were matched in terms of treatment presenta-
tion, and labelled only with a treatment number. The preprinted
randomization envelopes were provided in case an emergency
code-break was required, and all envelopes were tracked and
returned at the end of the study. Access to the schedule was
prohibited until the treatment allocation was broken prior to
analysis, and investigators were not informed of any individual
allocation to subjects until after the analysis was completed.

Statistical analysis

All analyses were performed on an intent-to-treat (ITT) population,
comprising all subjects who took at least one dose of study medi-
cation. All statistical comparisons were conducted at the 5%
significance level.
Data for the primary outcome measure of morning PEF and

secondary variables, including evening PEF, percentage of
symptom-free days and nights, symptom scores during the day
and night and changes in FEV1, were averaged over the 6 weeks
of the study to produce average values on treatment. Differences
between the treatment regimens were analysed using ancova,
with factors for cluster of centres, age, sex and mean value for
each outcome measure during the last week of the run-in period.
Differences between the treatments were assessed by including
binary variables for the presence/absence of IHFP and the pres-
ence/absence of INFP in the randomized treatment. A factor for
the interaction between the two formulations of FP was also
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included. For the methacholine challenge data, the PD20 values
were logarithmically transformed prior to analysis and reported
as geometric mean.
For the sputum counts, differences in change from baseline to

end-point were analysed using a Wilcoxon rank sum test, and
Hodges-Lehmann estimates of the median difference and associated
95% confidence interval were derived. For these data, the only
comparisons performed were for the three active groups against
intranasal or inhaled placebo.
Adverse events were coded using the Medical Indications, Dis-

eases and Symptoms (MIDAS) dictionary, and summarized by the
number reporting in each treatment group.

Results

Details of patient recruitment and withdrawals are shown
in Fig. 1, and their demographic and baseline character-
istics are presented in Table 1. Recruitment to the study
was lower than planned, but the numbers recruited were
still sufficient to have more than 80% power to find the
assumed treatment difference. Of the 262 patients recrui-
ted into the study, 177 were allergic to grass-, 64 to birch-,
15 to ragweed-, and the remaining six to olive-, pecan-
and parietaria-pollens.

Diary-card assessments

There was a higher morning PEF over time in patients
treated with IHFP, and a decrease in patients treated

either with INFP alone or intranasal or inhaled placebo
(P < 0.001) (adjusted mean values of 486.3, 480.5, 499.1,
and 501.5 l/min, respectively, for patients treated with
intranasal or inhaled placebo, INFP, IHFP, INFP +
IHFP). The difference in PEF over the entire 6-weeks�
treatment period between patients receiving any IHFP
and patients receiving no IHFP was 13.1 l/min
(P < 0.001). Patients on intranasal or inhaled placebo
or INFP alone recorded the lowest morning PEF values
at the height of the pollen season. The IHFP + INFP
was found to be significantly better than intranasal or
inhaled placebo or INFP alone, in improving morning
PEF at the height of the pollen season (P < 0.001).
Although evening PEF was not significantly altered from
baseline at the height of the pollen season in any
treatment group (adjusted mean values of 490.4, 487.0,
501.8, and 504.5 l/min, respectively, for patients treated
with intranasal or inhaled placebo, INFP, IHFP,
INFP + IHFP), there was an overall significantly greater
improvement also for this parameter in patients receiving
IHFP (P < 0.001).

The greatest number of wheeze-free days and nights at
the height of the pollen season were recorded by patients
treated with IHFP compared with patients on no IHFP
treatment (data not shown; P < 0.001 for wheeze-free
day, and P ¼ 0.006 for wheeze-free nights).

The difference in asthma symptom-free nights over
the entire 6-weeks� treatment period between patients

Figure 1. Disposition of the study patient population. Twenty-six patients did not complete the study: one withdrawal of consent, one
lost to follow up, four lack of efficacy, four protocol violators, eight adverse events and eight for other reasons. INFP, fluticasone
propionate nasal spray; IHFP, inhaled fluticasone propionate.
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receiving IHFP (94.5%) and patients receiving no IHFP
(93.9%) was statistically significant (P < 0.05).
The adjusted mean percentage of patients reporting no

nasal blockage/congestion, no sneezing or no rhinorrhoea
at the end of 6 weeks� treatment were significantly
increased following treatment with INFP, compared with
intranasal or inhaled placebo and IHFP alone (Fig. 2).
The difference in percentage of days free of nasal
blockage/congestion, sneezing or rhinorrhoea over the
entire 6-weeks� treatment period between patients receiv-
ing INFP and patients not receiving INFP was significant
(P < 0.001) for each symptom.
The mean percentage of days without use of intra-

ocular levocabastine over the 6-week treatment period
was also increased in all active treatment groups,
compared with intranasal or inhaled placebo, and was
significantly higher for INFP + IHFP, compared with
no INFP treatment (data not shown; P < 0.05).
Similarly, the mean percentage of days without oral
acrivastine over the 6-week treatment period was
increased in all active treatment groups, compared with
intranasal or inhaled placebo, and was higher for
INFP + IHFP, compared with no INFP treatment
(data not shown; P ¼ 0.05).

FEV1

The FEV1 over the entire 6-week treatment period was
significantly higher (P < 0.001) in patients on IHFP,
compared with patients not on IHFP.

Bronchial responsiveness to methacholine

Methacholine PD20 was measured in 203 patients before
and after 4 weeks� treatment. Before the pollen season,
PD20 was not measurable in 95 patients (i.e. PD20 value
was >14.7 lmol). Responsiveness to methacholine
increased during the pollen season in patients treated
with intranasal or inhaled placebo or INFP alone. No
increase in methacholine responsiveness was seen in
patients treated with IHFP (P < 0.001 compared to
groups with no IHFP) (Fig. 3).

Induced sputum

Sputum induction was done in 64 patients at baseline and
at the end of treatment. During the pollen season, the
percentage of sputum eosinophils increased significantly
in the intranasal or inhaled placebo and INFP groups
alone, but was unchanged in the IHFP groups (Fig. 4).

Table 1. Demographics and baseline lung function characteristics of study popu-
lation

Intranasal or
|inhaled placebo

(n ¼ 66)
INFP

(n ¼ 70)
IHFP

(n ¼ 61)
INFP + IHFP
(n ¼ 65)

Age (year), mean (SD) 31.8 (12.6) 35.5 (11.1) 33.1 (9.5) 34.9 (10.7)
Sex (M/F) 32/34 39/31 36/25 28/37
Lung function
FEV1 (l), mean (SD) 3.7 (0.9) 3.6 (0.8) 3.7 (0.9) 3.6 (0.91)
PEF (l/min), mean (SD) 503 (103) 508 (132) 510 (103) 505 (125)

FEV1, forced expiratory volume in 1 s; INFP, fluticasone propionate nasal spray;
IHFP, inhaled fluticasone propionate; PEF, peak expiratory flow.
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Figure 2. Percentage of patients reporting no (A) nasal block-
age/congestion, (B) sneezing and (C) rhinorrhoea, at baseline
and at week 6 ( , baseline; , weeks 1–6; *P < 0.05,
**P < 0.01 and ***P < 0.001 vs intranasal or inhaled placebo.
INFP, fluticasone propionate nasal spray; IHFP, inhaled fluti-
casone propionate.
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Macrophages, neutrophils and lymphocytes were neither
altered during pollen season nor influenced by treatment
(data not shown).

Adverse events

Reporting of adverse events during the study was similar
across all the groups [19 subjects (29%) in the intranasal
or inhaled placebo group, 19 (27%) in the INFP group,
18 (30%) in the IHFP group and 18 (28%) in the
INFP + IHFP group]. The most common events were
headache and asthma. Only one serious adverse event was
reported – a neurological neoplasia of uncertain beha-
viour in one subject in the INFP + IHFP group, which
was not considered to be drug-related by the reporting
investigator. Nine subjects withdrew from the study

because of an adverse event, all bar one of which were
not considered to be serious.

Discussion

Pollen-induced rhinitis and asthma are frequently asso-
ciated in the same patients. We used this association as a
model to study the influence of local nasal or bronchial
treatment with a topical corticosteroid on nasal and
bronchial symptoms, bronchial responsiveness and
inflammation. The results of our study show that nasal
treatment with FP is effective in controlling nasal
symptoms but does not influence asthmatic symptoms,
bronchial responsiveness or inflammation. Treatment
with IHFP is effective in controlling asthmatic symptoms,
bronchial responsiveness and inflammation but has no
influence on the nasal symptoms.

Our findings regarding the organ-selective effects of
inhaled and nasal FP in patients with comorbid allergic
asthma and rhinitis are in accordance with several smaller
studies of comorbid allergic rhinitis and asthma, which
have predominantly focused on the effects of intranasal
steroid treatment in both the upper and lower airways.
A study in adult patients with ragweed pollen-induced
rhinitis and asthma has demonstrated that intranasal
beclomethsome significantly improved rhinitis, but not
asthma symptom scores or PEF (10). Similarly, a study
in children with allergic asthma and chronic rhinitis
demonstrated that although intranasal budesonide was
effective in the treatment of nasal symptoms, it did not
significantly alter wheeze, PEF, FEV1 or FVC (11).
A more recent study in a cohort of 72 children and young
adults with immunoglobulin E (IgE)-mediated allergic
rhinitis and mild asthma, also demonstrated that neither
INFP nor beclomethasone dipropionate significantly
altered bronchial responsiveness to methacholine in these
patients, although nasal blockage, sneezing and rhinor-
rhoea were significantly decreased by both active treat-
ments, when compared with placebo (16).

Our findings are, however, not in agreement with the
findings of other small studies in patients with comorbid
allergic rhinitis and asthma. Aubier et al. (17) investi-
gated the effect of intranasal and intrabronchial beclo-
methasone dipropionate on carbachol-induced bronchial
responsiveness in patients with persistent allergic rhinitis
and found that intranasal, but not intrabronchial, beclo-
methasone dipropionate significantly decreased bronchial
responsiveness in these patients. Other studies have
demonstrated that intranasal budesonide (10), intranasal
beclomethasone dipropionate (10, 18), and INFP (19)
also protected significantly against methacholine-induced
bronchial hyperresponsiveness in patients with seasonal
or perennial allergic rhinitis and asthma, when compared
with placebo. Interestingly, however, protection against
methacholine challenge was afforded despite the lack of
any significant protective effects on PEF or FEV1 in these

Figure 3. Geometric mean PD20 methacholine measured at
baseline ( ) and after 4 weeks treatment ( ) (***P < 0.001
IHFP ± INFP vs INFP or placebo). INFP, fluticasone propr-
ionate nasal spray; IHFP, inhaled fluticasone propionate.

n = 12 n = 17 n = 19 n = 16

Figure 4. Percentage sputum eosinophils ( , baseline; , end of
treatment; *P < 0.05 for baseline vs end of treatment). INFP,
fluticasone propionate nasal spray; IHFP, inhaled fluticasone
propionate.
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studies. One study in seasonal allergic rhinitis, demon-
strated that nasal beclomethasone dipropionate and
flunisolide significantly decreased seasonal asthma symp-
toms scores from baseline, in addition to nasal symptom
scores right across the pollen season, when compared
with placebo or cromolyn treatment (20).
The frequent occurrence of asthma and allergic rhinitis

in the same individual, the common triggers and similar-
ities in pathogenesis and pathology have formed the basis
for the �united airways� concept (21–23), but comparat-
ively few studies have investigated the effect of a single
treatment modality on inflammatory indices in comorbid
rhinitis and asthma (19, 24), and none have investigated
the nasal effects of an inhaled corticosteroid.
Several mechanisms have been postulated to support

the hypothetical effects of intranasal therapy in the lower
airways. However, none of these have been substantiated.
These include (i) direct and indirect anti-inflammatory
effects of the drug in the lung, (ii) inhibition of mediator
release or cellular translocation in the nose, (iii) preven-
tion of systemic mediator absorption with distant effects
in the lung, (iv) inhibition of nasobronchial neurogenic
reflex and (v) effects related to the shift from nasal to oral
breathing. It is possible that previously observed effects
were a consequence of the use of topical corticosteroids
with a higher degree of bioavailability, thus demonstra-
ting a systemic impact of these drugs. The low systemic
bioavailability of FP delivered via the intranasal route
(12, 13) indicates that intranasal administered cortico-
steroids are unlikely to influence the lung directly or
indirectly.
In conclusion, the effects of inhaled and INFP observed

on symptoms and objective parameters investigated in our

study suggest that rhinitis and asthma are separate clinical
manifestations and therefore require local treatment to be
applied both in the nose and in the lower airways.
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