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A B S T R A C T

Background: �2-Agonists have previously been shown to be effective inhibitors of mediator release from
airway mucosal mast cells.
Objective: To evaluate the effects of intranasal salmeterol and fluticasone propionate alone and in combina-
tion on the response to nasal adenosine monophosphate (AMP) challenge to assess mast cell activation.
Methods: Twenty-three patients with persistent allergic rhinitis completed a randomized, double-blind,
placebo-controlled, 4-way crossover trial. They received once daily treatment with placebo, salmeterol, 50
�g, fluticasone propionate, 500 �g, or fluticasone propionate and salmeterol combination, 500/50 �g,
delivered via an antistatic spacer with nasal adapter for 1week each, with troughmeasurements beingmade
12 hours after the first and last dose. The primary outcome was the maximum percentage decrease in peak
nasal inspiratory flow after nasal AMP challenge.
Results: For the primary outcome there was significant protection after single and long-term dosing with
fluticasone alone and fluticasone-salmeterol combination, whereas salmeterol alone only afforded protec-
tion after the first dose. Fluticasone-salmeterol combination and fluticasone but not salmeterol conferred
significant chronic dosing effects on secondary outcomes of nasal symptoms and disease-specific quality of
life. There was no potentiation of the response to fluticasone by salmeterol on any outcomes when given in
combination.
Conclusion: Chronic dosing with fluticasone but not salmeterol confers anti-inflammatory activity against
nasal AMP challenge, but there was no potentiation of fluticasone when given in combination with salmet-
erol. Thus, salmeterol may not be an effective treatment for use in allergic rhinitis.
Trial Registration: clinicaltrials.gov Identifier: NCT01388595.
� 2011 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Nasal mucosal inflammation and associated upper airway hy-
perresponsiveness (AHR) are integral features of allergic rhinitis
(AR). The IgE-mediated inflammation, which is central to AR and
related conditions, triggers the signaling cascade, which leads to
the generation of the inflammatory mediators and cytokines,
which are responsible for the symptoms, nasal airway obstruction,
and AHR. In particular, the recruitment and expression of mast
cells, eosinophils, and basophils are considered critical to disease
expression.1 One method for assessing mast cell–mediated AHR
involved the use of nasal adenosine monophosphate (AMP) chal-
lenge.

Intranasal corticosteroids form the cornerstone of anti-inflam-
matory therapy in AR, with antihistamines being used as add-on
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herapy in persistent cases.2 Both intranasal corticosteroids and
ntihistamines have been shown to attenuate nasal AHR in re-
ponse to AMP challenge in persistent AR, although not in an addi-
ive fashion.3–7 �2-Adrenoreceptors, although traditionally associ-
tedwith bronchial smoothmuscle, have been identified on several
nflammatory cells, including eosinophils, neutrophils, lympho-
ytes, macrophages, and mast cells.8 �2-Adrenoceptor agonists
ave been shown to be effective inhibitors ofmediator release from
ast cells in asthma.9–14 Russo et al15 showed that intranasal sal-
utamol is effective in attenuating AMP-induced nasal response in
atientswithAR. This effect is presumably due to the stimulation of

2-adrenoreceptors present on nasal mucosal mast cells, thus in-
ibiting degranulation. However, the effects of the long-acting �2-
gonist (LABA) salmeterol on nasal AMP challenge have not previ-
usly been reported, especially when given in combination with
he corticosteroid fluticasone propionate. In one study a single dose
f intranasal salmeterol produced protection against nasal aller-
en–induced responses but did not confer any synergistic effects to
uticasone.16 Regular exposure to LABAs in asthmatic patients re-
ults in adaptive � -adrenoceptor downregulation and associated
2

ubsensitivity of response, evenwhen given in conjunctionwith an

munology. Published by Elsevier Inc. All rights reserved.

http://www.clinicaltrials.gov
mailto:brianlipworth@gmail.com
http://www.sciencedirect.com/science/journal/01678809/
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inhaled corticosteroid, as evidenced by loss of protection against
direct or indirect AHR.17

In vitro and ex vivo data have suggested that salmeterol may
exhibit ligand-independent activation of glucocorticoid receptors,
which might result in potentiation of fluticasone by salmeterol
when given in combination. Although no such evidence of syn-
ergy was reported with fluticasone-salmeterol combination in the
nosewithallergenchallenge,16nodataareavailableonAMPchallenge
in the nose. The purpose of the present study was to compare for the
first time, toourknowledge, the single and long-termdosingeffects of
intranasal fluticasone alone, salmeterol alone, and fluticasone-salme-
terol combination on nasal AMP challenge in persistent AR.

Methods

Study participants

This study was approved by Tayside Committee on Medical
Research Ethics (EudraCT 2005-005523-34).We included nonasth-
matic patients between 18 and 65 years of age with at least 1
positive skin prick test result and a history of persistent AR to
perennial or seasonal allergens.2 Patients who were sensitized to
seasonal allergens were studied while symptomatic in season. At
baseline they were required to demonstrate a 20% or greater de-
crease in peak nasal inspiratory flow (PNIF) after nasal AMP chal-
lenge. All patients were required to show a willingness and ability
to comply with the protocol, and all participants gave written
informed consent.

Study design

A randomized, double-blind, placebo-controlled, 4-way cross-
over design (Fig 1) was used to compare the effects of intranasal
salmeterol, intranasal fluticasone, and intranasal fluticasone-sal-
meterol combination. Participants discontinued use of their nasal
corticosteroid, leukotriene receptor antagonist, and antihistamine
1 week before starting their randomized treatment during the
run-in phase and washout periods. Intranasal sodium cromogly-
cate spray 4% (Rhinocrom Aqueous; Sanofi-Aventis, Surrey, United
Kingdom) was provided for rescue use throughout the study but
was withdrawn for at least 24 hours (ie, 4 half-lives) before chal-
lenge. Nasal AMP challenges were performed at baseline, after
run-in and each washout, and 12 hours after the first and last
evening dose of the studymedication. A Zerostat Antistatic 280-mL
spacer (Cipla, Mumbai, India) was used18 to administer the ran-
domized treatments having been adapted with a nasal olive for

Fig. 1. Studyflowchart. Nasal adenosinemonophosphate challengewas performed a
treatments,whereas visits 2, 4, 6, and8 tookplace 12hours after the last dose after 1w
50 �g; or fluticasone-salmeterol combination, 500/ 50 �g (all given once daily at nig
3, 5, and 7.
intranasal use instead of the conventional mouthpiece (Fig 2).
F
n

The randomized treatments were all given once daily at night-
ime as follows: placebohydrofluoroalkane, 2 puffs (Cipla,Mumbai,
ndia); salmeterol-hydrofluoroalkane, 2 puffs of 25 �g (Serevent
vohaler; Allen and Hanburys, Middlesex, United Kingdom); fl-
ticasone-salmeterol hydrofluoroalkane, 2 puffs of 250/25 �g
Seretide Evohaler; Allen and Hanburys); and fluticasone-hydro-
uoroalkane, 2 puffs of 250 �g (Flixotide Evohaler; Allen and Han-
urys). The randomization processwas double-blind and computer
enerated from www.randomization.com. Trial drug randomiza-
ionwas performed under the direct supervision of the clinical trial
harmacist at Ninewells University Hospital. Active fluticasone,
almeterol, andfluticasone-salmeterol combinationwere procured
rom GlaxoSmithKline (Allen and Hanburys) by the clinical trial
harmacy and matched placebo was provided by Cipla. Patients
ere provided randomized, labeled treatment packs that would
ontain a single inhaler, which could be either active or placebo at
ach study treatment visit. Blinding of patients and investigators
as ensured by using identical colored actuators for each treat-
ent and labeling of active or placebo canisters with trial-specific

abels; thus, all the inhalers appeared identical in each treatment
ack. Measurements were all made at 12 hours after the first and
ast dose of each randomized treatment.

easurements

At initial screening, nasal endoscopy was performed using a
igid, 2.7-mm, 30�Hopkins rod lens telescope to exclude significant
asal polyp disease (greater than grade 1), concha bullosa, and
eptal deviation (�50%). A Niox Flex nitric oxide analyzer (Aero-
rine AB, Solna, Sweden) was used to measure nasal nitric oxide at
flow rate of 50 mL/s as previously described. The standard aspi-

sits. Visits 1a, 3a, 5a, and 7a all took place 12hours after the first dose of randomized
Randomized treatments A, B, C, andDwere placebo; fluticasone, 500�g; salmeterol,
e). Baseline measurements were made after run-in and washout period at visits 1,
t all vi
eek.
ig. 2. Zerostat polycarbonate antistatic spacer adapted with nasal olive for intra-
asal delivery.

http://www.randomization.com
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ration technique recommended by the American Thoracic Society/
European Respiratory Society guidelines was used with a unilat-
eral, nasal olive, breath-holding, and velum closure at a flow rate of
50 mL/s.19

For nasal AMP challenge, PNIFwasmeasured before and every 5
minutes for 60 minutes after 4 squirts of 0.1 mL per actuation in
each nostril of 400 mg/mL of AMP (ie, 320-mg total dose) was
delivered to the nose. The maximum decrease in PNIF was mea-
sured as previously described20–22 using an In-check Nasal Inspira-
tory FlowMeter (Clement Clarke International Ltd, Harlow, United
Kingdom). In this regard it has been shown that measuring PNIF
response is more sensitive than measuring nasal airway resistance
and is also more reproducible.21–23 Moreover, PNIF correlates well
vs symptoms in response to treatment in AR patients and has been
shown to have a minimal clinically important difference of 5
L/min.21–24 At screening, patients were instructed in the correct
techniquewith particular attention to horizontal positioning of the
meter, a closed mouth with maximal peak nasal inspiratory effort,
and an adequate mask seal around the mouth and nose. Nasal
impulse oscillometry measurements for nasal airway resistance at
5 Hz were performed using a Jaeger MasterScreen impulse oscil-
lometry system (Erich Jaeger, Hoechberg, Germany). The total nasal
symptom 4 (TNS4) scores were recorded at all visits, with a total
score of 12 for the sumof the 4 separate domains for nasal blockage,
run, itch, and sneeze, each rated from 0 to 3. The Juniper Mini
Rhinoconjunctivitis Quality of Life Questionnaire (Mini-RQLQ)25

was completed by the participant immediately before and a week
after each randomized treatment. The global RQLQ is the mean of
the 5 individual domains, with individual domains scored from0 to
6. Serum eosinophilic cationic protein was measured using an en-
zyme-linked immunoassay technique (UniCAP; Sweden Diagnos-
tics UK Ltd, Milton Keyes, United Kingdom) with an intra-assay
coefficient of variation of 3.3%.

Statistical analysis

Data analysis was performed using SPSS statistical software for
Windows, version 17 (SPSS Inc, Chicago, Illinois). The study was
powered (�80%) on a sample size of 20 patients completing per
protocol to show a 20% difference in maximum PNIF response (the
primary outcome) to nasal AMP challenge for active treatments
vs placebo. The coefficient of variation of maximum PNIF response
with nasal AMP has been shown to be 5.1%.7 An overall, multifac-
torial, repeated-measures analysis of variance was performed, and
where significant, this was followed by Bonferroni-corrected, mul-
tiple, pairwise testing with an � error of .05 (2 tailed).

Results

Study patients

Therewere 23 per protocol completers with 12 dropouts (male-
female ratio, 1:1.3) with a mean (SEM) age of 42.1 (2.9) years,
baseline PNIF of 129 (8.8) L/min, maximum decrease in PNIF in
response to AMP of 38.2% (3.9%), time to a 20% or greater PNIF
decrease of 10.4 (1.4) minutes, and forced expiratory volume in 1

Table 1
PNIF in response to nasal adenosine monophosphate challenge

Variable Mean (95% CI)

�Fluticasone propionat

Change in maximum percentage decrease in PNIF
from pooled placebo (first dose)

8.7 (2.0-15.4) (P � .05

Change in maximum percentage decrease in PNIF
from pooled placebo (1 week)

10.2 (3.0-17.5) (P � .01

Abbreviations: CI, confidence interval; NS, nonsignificant; PNIF, peak nasal inspirat
second of 99.4% (2.7%). There were 6 patients with persistent sea- t
onal AR who were all skin prick positive to grass pollen, and 17
ith persistent perennial AR who were all skin prick positive to
ouse dust mite. There were 12 patients taking intranasal cortico-
teroids, 9 taking antihistamines, and 1 taking montelukast. Seven
atients were required to use rescue intranasal cromoglycate dur-
ng the study: in 5 cases on an occasional intermittent basis and in
cases on a more regular basis. In these 2 cases the last dose of

escue cromoglycate was always used at least 24 hours before AMP
hallenge, as per protocol.

MP challenge

Prechallenge PNIF values were not significantly different be-
ween treatment groups,with amean (SEM) value of 150(10) L/min
or pooled placebo and pooled baseline. Data for absolute maxi-
um percentage decrease in PNIF as change from placebo (ie,
rotection conferred with active treatment) are given in Table 1
nd Table 2, respectively. No significant differences were seen in
aseline values for each randomized treatment arm, showing a lack
f any carryover effect. No significant differences were found be-
ween mean (SEM) placebo values for maximum percentage de-
rease at baseline, first dose, and last dose,whichwere 38.8% (4.0%),
6.8% (3.8%), and 34.7% (5.0%), respectively; thus, a pooled placebo
aluewas used for comparisonwith active randomized treatments.
he value for pooled baseline vs pooled placebo was not signifi-
antly different: 36.9% (3.8%) vs 37.7% (3.0%). Compared with pla-
ebo (Table 1), there was significant protection against AMP chal-
enge after the first dose of fluticasone (P � .05), salmeterol (P �
05), and fluticasone-salmeterol combination (P � .05) but only
fter the last dose of fluticasone propionate (P � .01) and flutica-
one-salmeterol combination (P� .01) (Fig 3). No significant differ-
ncewas found in the degree of protection between active random-
zed treatments after the first dose, whereas fluticasone and
uticasone-salmeterol combination were significantly different
rom salmeterol after the last dose (P� .05).Moreover, a significant
P � .05) loss of protection was found comparing first vs last dose
rotection for salmeterol only.

econdary outcomes

No significant difference was found in TNS4 score between
ooled placebo vs pooled baseline (Table 2). In addition, no signif-
cant differences were found between placebo measurements at
aseline, first dose, and last dose. The TNS4 score was significantly
educed for both first and last dose with the fluticasone-salmeterol
ombination (mean differences, 0.74; 95% confidence interval [CI],
.17-1.31; P � .05; and 0.87; 95% CI, 0.23-1.51; P � .05; respec-
ively). The TNS4 score was also significantly reduced after the last
ose of fluticasone (mean difference, 0.65; 95% CI, 0.03-1.27; P �
05), but this did not significantly change after salmeterol. After the
ast dose, fluticasone-salmeterol combination was significantly su-
erior to salmeterol (mean difference, 0.65; 95% CI, 0.03-1.27;
� .05).
No significant differences were observed in nasal nitric oxide,

erum eosinophilic cationic protein level, or nasal airway resis-

�Fluticasone-salmeterol combination �Salmeterol

8.6 (2.2-14.9) (P � .05) 6.6 (0.7-12.5) (P � .05)

9.4 (4.1-14.7) (P � .01) �1.5 (�8.4 to 5.4) (P � .91)

w.
e

)

)

ance with active treatments compared with placebo (Table 2).
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Disease-specific Mini-RQLQ score was significantly different af-
er 1 week of treatment with fluticasone and fluticasone-salmet-
rol combination for global, nasal, and practical symptoms (Table
). The global difference after fluticasone-salmeterol combination
as also clinically relevant (ie,�0.4) (meandifference, 0.52; 95%CI,
.27-0.78; P� .001). No significant differenceswere foundbetween
ctive treatments.

iscussion

The results of the present study show that for the primary
utcome of nasal AMP challenge, significant protection was af-
orded after single and chronic dosing with intranasal fluticasone
nd fluticasone-salmeterol combination, whereas for salmeterol
rotection was seen after single but not chronic dosing. The loss of
rotection after chronic dosingwith LABAs alone is in keepingwith
revious data with bronchial AMP challenge in asthmatic patients,
hich has shown no additive protection in addition to inhaled
teroids.26–28 This loss of protection on chronic dosing with LABAs
an be explained by �2-adrenoceptor downregulation and associ-
ted subsensitivity on airwaymucosal mast cells, as has been dem-
nstrated on peripheral blood lymphocytes.29–31 In asthmatic pa-
ients there is a greater propensity for terbutaline-induced
ubsensitivity of response for AMPprotection onmast cells than for
ethacholine protection on airway smooth muscle.32

Thus, the presence of sustained AMP protection in the present
tudy with fluticasone-salmeterol combination is presumably due
o the effect of fluticasonemoiety becausenodifference in response
as foundwhen comparing fluticasone-salmeterol combination vs
uticasone alone, indicating that therewas no additive response on
hronic dosing with the 2 separate moieties. However, even after
ingle dosingwe did not see any additive response in that the effect
f fluticasone-salmeterol combination was less than the combined
ffects of fluticasone and salmeterol alone. In vitro and ex vivo data
ave suggested that salmeterolmay potentiate the effect of flutica-
one due to ligand-independent glucocorticoid receptor activa-
ion.33,34 To properly assess the potential for putative synergy be-
ween the fluticasone and salmeterol components when given
ogether would have required evaluation of a lower dose of flutica-
one-salmeterol combination (eg, 100/50 �g), compared with a
igher dose of fluticasone propionate alone (eg, 500 �g). We may
ave reached a ceiling response for AMP protection at the 500-�g
ose of fluticasone propionate. In other words if we had evaluated
lower dose of fluticasone propionate, 100 �g, we may have been
ble to show some additivity in responsewhen adding a single dose
f salmeterol, 50 �g. In this regard, we have previously demon-
trated a significant dose response effect on nasal AMP challenge

ig. 3. Maximumpercentage decrease in PNIF (as change fromplacebo) in response
o adenosine monophosphate challenge after the first and last doses of each treat-
ent arm (shown as means and SEM) (ie, a change from placebo in a positive
irection denotes significant protection). FP 1 indicates first dose of fluticasone; FP L,
ast dose of fluticasone; SM 1, first dose of salmeterol; SM L, last dose of salmeterol;
PSM 1, first dose of fluticasone-salmeterol combination; and FPSM L, last dose of
uticasone-salmeterol combination.
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400 �g, in AR; indeed, the lower dose did not confer any significant
protection. Interestingly, there appears to be little difference when
comparing our chronic dosing protection against nasal AMP chal-
lenge with 500 �g of fluticasone propionate via spacer (10.2% pro-
tection) to the protection described by Barnes et al6 with 400 �g of
fluticasone propionate aqueous spray (12.9% protection). It was for
this reason that we elected to use the higher 500-�g dose of intra-
nasal fluticasone propionate in the present study, especially be-
cause we were using a pressurized aerosol hydrofluoroalkane for-
mulation spacer device, which would deliver finer particles than a
conventional aqueous spray (ie, one might expect the intranasal
deposition of larger particles on the inferior turbinates to be much
lower with the spacer comparedwith aqueous spray). The decision
to use the pressurized aerosol with a spacerwas based on having to
blind the study using available formulations of fluticasone-salme-
terol combination and salmeterol, which are obviously not avail-
able in aqueous form.

We were somewhat surprised not to see any difference when
comparing single and chronic dosing protection with intranasal
fluticasone. For example, in a study looking at the sequential time
course protection against bronchial AMP with inhaled fluticasone
propionate, 1,500 �g/d, there was increasing protection seen dur-
ing a period of 4 weeks.35 Perhaps we did not achieve maximal
protection after 1week of long-termdosing. However, we observed
a similar degree of protection against nasal AMP challenge after 1
week of intranasal fluticasone compared with 4 weeks with intra-
nasal aqueousmometasone furoate (10.2% vs 9.6% PNIF protection,
respectively).5

Aside from the primary outcome we also demonstrated signifi-
cant improvements in secondary outcomes, including nasal symp-
toms and quality of life on long-term dosing with fluticasone and
fluticasone-salmeterol combination but not salmeterol, in keeping
with the expected topical effect of intranasal corticosteroid on
allergic nasal airway inflammation. Because our study was not
powered on these secondary outcomes, we would not expect to be
able to differentiate between the 2 treatment arms of fluticasone-
salmeterol combination and fluticasone. Nonetheless, we were
able to showamagnitude of response on the TNS4 andRQLQ,which
exceeded the minimum clinically important differences for these
outcomes.24

In a previous study by Parameswaran et al,16 intranasal me-
tered-dose aerosol formulations of placebo, fluticasone propionate,
50 �g twice daily, salmeterol, 25 �g twice daily, or fluticasone-
salmeterol combination for 1 week each were compared on nasal
allergen–induced responses. Significant effects of both fluticasone
and salmeterol alone were found on eosinophils and albumin in
nasal lavage fluid, suggesting that salmeterolmay confer persistent
anti-inflammatory activity after chronic dosing, but there was no
additive response with the combination for any outcomes. How-
ever, they did not evaluate single-dose effects as we did in our
study, and so it is not possible to ascertain whether subsensitivity
of response on allergen challenge had occurredwith the salmeterol

Table 3
Jupiter mini rhinoconjunctivitis quality of life questionnaire scoresa

Variable Pooled baseline Pooled placebo Last dose of fluticason

Global 1.35 (0.2) 1.35 (0.2) 1.0 (0.2)b

Activity 1.3 (0.2) 1.4 (0.2) 1.0 (0.2)
Practical 1.8 (0.2) 1.7 (0.2) 1.0 (0.2)b

Nose 1.8 (0.2) 1.7 (0.2) 1.1 (0.1)b

Eye 0.9 (0.2) 1.1 (0.2) 0.5 (0.1)
Other 1.2 (0.3) 1.2 (0.3) 0.8 (0.3)

aGlobal mean values for all domains are shown along with each separate domain. D
bSignificant difference (P � .05).
moiety after chronic dosing, unlike in our study, where we showed
arked loss of protection between the first and last dose effect on
MP challenge.
We acknowledge our study has several limitations, especially

he relatively short duration of treatment and the lack of power to
etermine differences on secondary outcomes of symptoms and
isease-specific quality of life. At first sight our results suggest that
almeterol may not be an effective treatment for AR. However, we
uggest that further studies may be indicated to look at more
rolonged therapy with fluticasone-salmeterol combination in pa-
ients with more severe persistent AR, in particular using a lower
ose of fluticasone.
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