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Long-term safety of fluticasone furoate nasal spray in adults and

adolescents with perennial allergic rhinitis

Allergic rhinitis (AR) is characterized by symptoms
affecting the nose (nasal congestion, rhinorrhoea, sneez-
ing and nasal itching) and eyes (itching, watering and
redness; 1). Affected patients often report a high degree of
symptomatology (2). Although several treatment options
are available, intranasal corticosteroids (INS) offer the
most effective anti-inflammatory activity (3), thereby
treating the major underlying pathogenic component
(4). Consequently, the Allergic Rhinitis and its Impact on
Asthma (ARIA; 5) and EU (6) guidelines recommend
INS for patients with moderate-to-severe symptoms, and
the American Academy of Allergy Asthma and Immu-
nology (AAAAI) recommend INS as first-line therapy
when nasal congestion is a major component (7).
Few adverse reactions have been identified with INS

over years of extensive use, suggesting a generally good
safety/tolerability profile (8, 9). Nonetheless, concerns
remain about the potential for systemic effects, including
whether INS adversely affect the hypothalamic–
pituitary–adrenal (HPA) axis, influence growth or bone
metabolism, or compromise ocular safety (10), especially

during long-term use. A recent review (10) suggests that
such concerns are based on case reports and small
isolated studies using less than ideal measures for
assessing physiological and clinical effects of INS.
However, it is important to undertake a thorough
investigation of the safety of any new corticosteroid
therapy.

Fluticasone furoate is a novel corticosteroid, admin-
istered to the nose in a unique side-actuated device.
Fluticasone furoate has enhanced affinity for the
glucocorticoid receptor and low systemic bioavailability
(0.5%; 11). The clinical benefits of fluticasone furoate
in reducing the nasal symptoms of seasonal AR (SAR)
have been demonstrated in a 2-week dose-ranging study
in adults and adolescents (12). Ocular symptoms were
also significantly improved in the same study. On the
basis of short-term efficacy, safety and tolerability,
110 lg od was selected as the optimal dosage (12).
However, long-term safety at this dosage has not yet
been reported. Therefore, the primary objective of the
current study was to assess the safety and tolerability of
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fluticasone furoate 110 lg od for 12 months in
adult and adolescent patients with perennial AR
(PAR).

Methods

This 12-month, randomized, double-blind, placebo-
controlled, parallel-group study was conducted at 75
centres across 13 countries worldwide. The study was
conducted in compliance with Good Clinical Practice and
the Declaration of Helsinki, and approved by all relevant
ethics committees. All adult patients, and parents/guard-
ians of patients aged <18 years, gave written informed
consent.

Study design and patients

Patients aged ‡12 years with a ‡2-year medical history
and past treatment of PAR and a positive skin-prick test
(defined as a wheal ‡3 mm larger than diluent control) to
an appropriate perennial allergen either within the
12 months prior to, or at, screening were eligible for
enrolment.
Exclusion criteria included: any medical condition that

might interfere with safety evaluations, including severe
nasal obstruction; recent nasal septal or facial surgery;
asthma [except mild intermittent asthma defined by the
National Asthma Education and Prevention Program
(13) or the Global Initiative for Asthma (14)]; rhinitis
medicamentosa; recent bacterial or viral infection of the
upper respiratory tract; sinusitis; Candida infection of
nose or oropharynx; glaucoma, cataracts or ocular herpes
simplex; a history of adrenal insufficiency or abnormal
electrocardiogram (ECG) or clinical laboratory test.
Patients were also excluded if they had received: INS
within 4 weeks of screening; inhaled, oral, intramuscular,
intravenous and/or dermatological corticosteroids within
6 months of screening and any other medications that
could affect AR.
Eligible patients entered a 7- to 14-day screening

period, during which their reflective total nasal symp-
tom score (rTNSS; sum of individual scores for
rhinorrhoea, nasal congestion, nasal itching and sneez-
ing, each rated on a 4-point categorical scale, 0 = no
symptoms, 3 = severe symptoms) was assessed once
daily (od) in the morning. Patients with rTNSS ‡4
during at least four of the seven days prior to
randomization, who had also completed at least 80%
of assessments on symptom diary cards, and had
undergone 24-h urine cortisol (UC) collection and had
ophthalmic examination findings within normal limits,
were randomized in a 3 : 1 ratio to either fluticasone
furoate nasal spray 110 lg od, or vehicle placebo nasal
spray od, administered as two sprays into each nostril
every morning. During the 52-week treatment
period, patients returned to the clinic every 4 weeks.

A post-treatment follow-up visit occurred 7 days after
the last treatment visit (week 52). Antiallergy/antirhini-
tis medications were not permitted during screening or
treatment periods, other than as-needed rescue medica-
tion with loratadine 10 mg (not exceeding one tablet
per day).

Safety assessments

Safety and tolerability were the primary outcomes of this
study. Adverse event (AE) data were collected via diary
cards and interviews at each visit. Severity was graded by
the investigator as mild (easily tolerated, causing minimal
discomfort, not interfering with everyday activities),
moderate (sufficiently discomforting to interfere with
everyday activities) or severe (preventing normal every-
day activities).

Twenty-four-hour urine samples, collected before
randomization and again at weeks 12, 24 and 52, were
analysed at a central laboratory to evaluate 24-h UC
excretion. An ECG was performed at screening and at
weeks 24 and 52, and data were reviewed by a central
cardiologist blinded to treatment assignment. Clinical
laboratory measurements were performed on samples
collected at screening and weeks 12, 24 and 52. A
detailed nasal examination of the turbinates, mucosa
and septum was performed at all clinic visits to evaluate:
nasal patency; mucosal oedema, crusting and bleeding;
and presence and size of any polyps or ulcers (any
disruption to the nasal mucosa, including an erosion,
graded as small if <2 mm and large if ‡2 mm). During
these examinations, investigators could report any
observation of blood, regardless of size or location, as
an AE of epistaxis. Before randomization and at weeks
12, 24 and 52, a licensed ophthalmologist or optometrist
performed: funduscopic examination; slit lamp examin-
ations of the cornea, iris and lens and intraocular
pressure (IOP) measurements using Goldmann applana-
tion tonometry2 (predefined threshold for a raised value
was ‡21 mmHg).

Other assessments

Compliance with study medication administration was
measured by:

• patients recording study medication consumption
using diary cards;

• patients recording efficacy assessments of daily
rTNSS on diary cards and

• weighing of returned nasal devices at each visit to
check for differences from dispensing weight.

Pharmacokinetic sampling was performed at weeks 4,
12, 24, 36 and 52 to assess plasma fluticasone furoate
concentrations. Samples were analysed using high-
performance liquid chromatography and mass spectro-
metry (lower limit of quantification, 10 pg/ml).
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Statistical analyses

According to International Conference on Harmonisa-
tion (ICH) guidelines (15), safety data on a new active
drug should be provided for a minimum of 300–600
patients treated for 6 months, and for at least 100
patients treated for 12 months. The sample size was
selected with the aim of exposing more than 350 patients
to fluticasone furoate for 6 months, assuming a with-
drawal rate of 25–30% over that period. The sample size
also planned for approximately 100 placebo recipients to
complete the 12-month study for the purposes of com-
parison, assuming a withdrawal rate of 40% over
12 months. Randomization was stratified by country
and centrally randomized within countries. Safety and
efficacy data were summarized for the intent-to-treat
(ITT) population3 (all randomized individuals who
received at least one dose of the study drug), except for
the analysis of 24-h UC excretion, which was assessed in
the UC population (all ITT patients excluding those
whose urine samples had confounding factors that would
affect interpretation of 24-h UC excretion results); the
ITT population provided supportive data for this end
point. Adverse events and clinical laboratory measure-
ments were summarized using descriptive statistics.

Results

Study population

Of the 984 screened patients, 810 were randomized to
treatment (Fig. 1); four patients did not receive any
treatment, thus providing an ITT population of 806
patients (fluticasone furoate, 605; placebo, 201). The UC
population comprised 490 patients (370 and 120 in
fluticasone furoate and placebo groups, respectively).
Overall, 73% of patients completed the study, and early
withdrawal rates did not differ significantly between
treatment groups (fluticasone furoate, 26%; placebo,
28%). The most frequently reported reasons for early
withdrawal were protocol violations and withdrawal of
patient consent.
Demographic and baseline characteristics, including

nasal symptom scores, were similar between the two
treatment groups (Table 1). Mean exposure to fluticasone
furoate and placebo was 310.3 and 298.9 days, respec-
tively (Table 2).

Adverse events

Adverse events occurred in 77% of patients receiving
fluticasone furoate and 71% of placebo recipients; most
were mild or moderate in intensity (Table 3). The
most frequent AEs were headache and nasopharyngitis.
Epistaxis was more frequently reported by fluticasone
furoate than placebo recipients (Table 4). Most patients
reported only mild episodes of epistaxis (placebo, 17 of

17; fluticasone furoate, 83 of 123). In the fluticasone
furoate group, 39 patients reported mild and moderate
episodes, and one patient had two reports of severe
intensity. The incidence of nasal ulceration was similar
between the fluticasone furoate and placebo groups
(Table 4).

Overall, 25% of fluticasone furoate recipients and 17%
of placebo recipients had AEs considered to be drug-
related, the most frequent being epistaxis. Few patients
reported serious AEs, the incidence being similar for
fluticasone furoate (3%) and placebo (2%). There was no
evidence of AEs suggestive of clinically relevant systemic
corticosteroid exposure or impairment of HPA-axis
function. No deaths occurred during the study. In total,
6% of fluticasone furoate recipients and 3% of placebo
recipients withdrew from the study because of an AE, the
most frequently reported reason in both groups being
epistaxis. Most patients withdrawing because of epistaxis
did so within the first 12 weeks.

Frequencies of laboratory abnormalities were low and
similar between the two groups. Fluticasone furoate
recipients had similar 24-h UC excretion results to those
receiving placebo (Fig. 2), and there was no evidence of a
decrease in 24-h UC excretion following fluticasone
furoate treatment; only three patients (two of whom

 Completed (n = 144)  Completed (n = 448)

Excluded (n = 174)

 Randomized (n = 810)

Fluticasone
furoate 

110 µg od
(n = 605)

Placebo
(n = 201)

Withdrew (n = 57)

• Adverse event – 7 
• Lost to follow-up – 4
• Protocol violation – 20
• Withdrew consent – 15
• Lack of efficacy – 5
• Other reason – 6 

Excluded (n = 4)

ITT (n = 806)

Withdrew (n = 157)

• Adverse event – 38 
• Lost to follow-up – 9
• Protocol violation – 49
• Withdrew consent – 48
• Lack of efficacy – 6
• Other reason – 7 

Assessed for eligibility
(n = 984)

Figure 1. Patient entry and participation in the study.
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received placebo) showed shifts in 24-h UC excretion
below the normal range at any assessment. One patient in
each group had a clinically significant unfavourable ECG
change (neither considered to be drug-related).

On nasal examinations, mucosal crusting, nasal bleed-
ing and nasal ulceration occurred at a slightly higher
frequency with fluticasone furoate than placebo. How-
ever, the frequency of these findings at each visit was
low and did not increase over time. At each scheduled
4-weekly examination, the proportion of patients with
nasal bleeding that had worsened from baseline was
1–7% in the fluticasone furoate group and 0–4% in the
placebo group; the corresponding values for worsening of
mucosal crusting were 4–12% and 0–9%, respectively,
and for worsening of nasal ulceration were 2–6% and
0–3% placebo, respectively.

There were very few ocular changes as assessed by
funduscopic and slit lamp examinations. Mean changes in
funduscopic cup-to-disc percentage in fluticasone furoate
recipients were similar to those in placebo recipients at
12 weeks [)0.3 vs 0.6 (left eye) and )0.4 vs 0.9 (right eye)],
24 weeks [)0.8 vs 1.0 (left eye) and )0.6 vs 0.8 (right eye)]
and 52 weeks [)0.9 vs 0.5 (left eye) and )0.8 vs 0.4
(right eye)]. Baseline IOP values were similar in both
groups (mean values 14.2–14.4 mmHg). Mean changes in
IOP were also similar in the fluticasone furoate and
placebo groups at 12 weeks [)0.2 vs )0.3 (both eyes),

Table 1. Demographic and baseline characteristics

Placebo (n = 201)

Fluticasone
furoate 110 lg od

(n = 605) Total (n = 806)

Age (years)
Mean (SD) 31.6 (14.65) 32.7 (14.29) 32.4 (14.38)
Min–max 12–72 12–77 12–77

Age groups, n (%; years)
12 to <18 38 (19) 101 (17) 139 (17)
18 to <65 160 (80) 488 (81) 648 (80)
65 to <75 3 (1) 15 (2) 18 (2)
‡75 0 1 (<1) 1 (<1)

Gender, n (%)
Female 106 (53) 307 (51) 413 (51)

Race, n (%)
White 173 (86) 530 (88) 703 (87)
Black 0 4 (<1) 4 (<1)
American Hispanic 21 (10) 65 (11) 86 (11)
Other 7 (3) 6 (1) 13 (2)

Table 2. Summary of the extent of exposure to the study medication (intent-to-treat
population)

Placebo (n = 201) Fluticasone furoate 110 lg od (n = 605)

Number of patients, % (n; months)
‡3 83 (166) 88 (535)
‡6 78 (157) 83 (501)
‡9 76 (152) 78 (473)
‡12 62 (125) 66 (400)

Exposure (days)
Mean 298.9 310.3
SD 123.42 108.33
Median 365 365
Min–max 2–387 2–376

Table 3. Most frequent general adverse events reported in either the fluticasone
furoate 110 lg od or placebo groups (intent-to-treat population)

Adverse event

% (n) of patients

Placebo (n = 201)
Fluticasone furoate

110 lg od (n = 605)

At least 1 adverse event 71 (142) 77 (464)
Headache 34 (69) 31 (186)
Nasopharyngitis 25 (51) 26 (157)
Pharyngolaryngeal pain 9 (18) 9 (53)
Back pain 6 (12) 6 (39)
Upper respiratory tract infection 8 (16) 6 (37)
Influenza 6 (13) 5 (32)
Cough 3 (7) 5 (29)
Upper abdominal pain 5 (11) 4 (23)
Toothache 2 (5) 5 (29)
Dysmenorrhoea 4 (8) 4 (22)
Pyrexia 4 (9) 3 (21)
Ear pain 4 (8) 2 (10)

Table 4. Summary of local nasal adverse events with an incidence of ‡1% in either
the fluticasone furoate 110 lg od or placebo group (intent-to-treat population)

Adverse event

% (n) patients

Placebo (n = 201) Fluticasone furoate 110 lg od (n = 605)

Epistaxis 8 (17) 20 (123)
Nasal dryness <1 (1) 3 (17)
Scab 2 (5) 2 (15)
Rhinitis 1 (3) 2 (14)
Rhinorrhoea 3 (6) 2 (10)
Nasal ulceration 2 (5) 3 (18)
Nasal oedema 2 (4) <1 (5)
Nasal discomfort 1 (3) <1 (5)

C
ha

ng
e 

fr
om

 b
as

el
in

e 
(n

m
ol

/2
4 

h)

1400

1200

1000

800

600

400

200

0

–200

–400

–600

*
*
****

***
*

*******

*

**

*******

*

*******

*****
*

*
***
*******

********

**

*

*****

*
*

*

******
*

********
*********
*****
*

*
*

P
Week 12 Week 24 Week 52

Treatment:   Placebo (P)
Fluticasone furoate 110 µg od (FF)

FF P FF P FF

Figure 2. Twenty-four-hour urine cortisol (UC) excretion: box
plot of change from baseline at weeks 12, 24 and 52 (UC pop-
ulation).
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respectively], 24 weeks [)0.1 vs )0.3 (both eyes), respec-
tively] and 52 weeks [0.1 (left eye) and 0.2 (right eye) vs
0.1 (both eyes), respectively]. Most patients had no or
only small changes in IOP from baseline, and the
distribution of the changes (increases and decreases)
from baseline was similar in both groups (Fig. 3). No
patient in the placebo group had an increase in IOP to
‡21 mmHg during the study, whereas 12 patients did so
in the fluticasone furoate group; however, no patient had
a value of ‡21 mmHg at more than one on-treatment
assessment. In two patients, a value of 21 mmHg was
observed at week 12, reverting to below 21 mmHg for
the remainder of the study; in the other 10 patients, a
value of 21 (n = 5), 22 (n = 4) or 24 mmHg (n = 1) was
observed only at week 52. There were no associated
increases in funduscopic cup-to-disc percentage, and
visual field disturbance was not reported as an AE for
any patient. Furthermore, four patients with IOP values
‡21 mmHg at baseline showed subsequent reductions in
IOP after receiving treatment with fluticasone furoate for
6–52 weeks. Posterior subcapsular cataracts that were not
present at baseline were reported as AEs in two patients
(0.33%) receiving fluticasone furoate and one patient
(0.50%) receiving placebo.

Compliance

Mean baseline daily rTNSS scores were 6.1 for fluticasone
furoate and 6.3 for placebo. Improvements in daily
rTNSS were greater with fluticasone furoate compared
with placebo (Fig. 4). A post hoc statistical analysis
showed that the mean change from baseline in rTNSS
over weeks 1–52 was )2.49 for placebo (n = 199) and
)3.37 for fluticasone furoate (n = 600); a mean differ-
ence of )0.88 (95% CI: )1.17 to )0.59; P < 0.0001). In
addition, 85% of patients had ‡90% compliance (based
on diary cards), with a further 10% reporting ‡80% to
90% compliance; the rate of treatment compliance was

similar between treatment groups. Mean total usage
based on combined weight loss from baseline for all
bottles, and mean daily usage, were both similar in the
two groups; the mean daily bottle weight loss (0.204 g for
fluticasone furoate and 0.210 g for placebo), was close to
the expected daily usage (0.218 g).

Pharmacokinetic results

Plasma fluticasone furoate concentrations were not
quantifiable in most patients (61.4%) at any of the five
assessments during the 52-week period. For the majority
(89.7%) of the remaining patients who did have quanti-
fiable plasma fluticasone furoate concentrations
(>10 pg/ml), this was observed on only one or two
occasions. As a result of the limited number of quanti-
fiable concentrations at each study visit, formal pharma-
cokinetic parameters could not be derived.

Discussion

In this study, fluticasone furoate 110 lg od was well
tolerated by adult and adolescent patients with PAR
when administered for up to 12 months. The incidence of
AEs was similar in the fluticasone furoate group to that in
the placebo group, with the exception of epistaxis. There
were no clinically meaningful differences between flutica-
sone furoate and placebo groups for results from clinical
laboratory tests, UC measurements, mean changes in
ophthalmic parameters or ECGs. Fluticasone furoate
levels in plasma were not quantifiable in most patients.

Compliance data analyses suggest that the vast majority
of patients took study medication appropriately for the
duration of the study. A post hoc analysis of the efficacy
data over 52 weeks revealed a difference of almost 0.9 in
daily rTNSS between fluticasone furoate and placebo.

This study randomized patients in a 3 : 1 ratio to
fluticasone furoate and placebo, respectively, to maximize

14
12
10

8
6
4
2
0

–2
–4
–6
–8

–10
–12
–14

C
ha

ng
e 

fr
om

 b
as

el
in

e 
(m

m
H

g)

P FF P FF P FF

*

*

*

****

**
***
*

****

*

*****

****

*
*

*
*
****

**

*
******

**
*

Week 12 Week 24 Week 52

Treatment:  Placebo (P)

Fluticasone furoate 110 µg od (FF)

Figure 3. Change from baseline in intraocular pressure: box and
whisker plot for both eyes combined (intent-to-treat population).

Day

Fluticasone furoate 110 µg od
Placebo

BL 28 56 84 112 140 168 196 224 252 280 308 336 364

0.0

–0.5

–1.0

–1.5

–2.0

–2.5

–3.0

–3.5

–4.0

–4.5

–5.0

–

–

–

–

–

–

–

–

–

–M
ea

n 
ch

an
ge

 fr
om

 b
as

el
in

e 
rT

N
S

S

Figure 4. Mean change from baseline in daily reflective total
nasal symptom score over the 52 weeks of the study period.

Long-term safety of fluticasone furoate

1075



exposure to the active treatment and to meet ICH
guidelines (15), while ensuring that enough patients were
included in the placebo group to provide an adequate
comparator group. However, the larger number of
patients randomized to fluticasone furoate would increase
the likelihood of detecting relatively rare AEs in that
treatment group, relative to the placebo group, potentially
introducing a source of bias against the active treatment.
Local AEs, such as nasal dryness, epistaxis and, in rare

cases, ulceration, are associated with INS use; of these,
epistaxis is the most frequently reported AE, although it is
usuallyminorandself-limiting(16–18). Inthepresentstudy,
epistaxis occurred more frequently in fluticasone furoate
recipients than in placebo recipients, possibly influenced by
frequent (4-weekly) and meticulous nasal examinations,
where investigators could report any observation of blood,
regardless of size or location, in addition to the self-reports
of epistaxis by patients on diary cards. Nevertheless, the
observed incidence with active treatment was consistent
with that in the literature for other INS (17, 19–23).
Over the 12-month period, mean changes in IOP vs

baseline with fluticasone furoate were similar to those
with placebo, as were the respective distributions of IOP
changes at each on-treatment assessment. Variability
from baseline was larger than expected in several patients,
with the magnitude of changes (both increases and
decreases) being similar in both treatment groups.
Although IOP increased to ‡21 mmHg in 12 patients
receiving fluticasone furoate, in all instances this was
evident at only one assessment time point (IOP values of
21–24 mmHg). Interestingly, of the 10 patients in whom
an increase to ‡21 mmHg was observed at week 52, four
were enrolled at one study site. The absence of glaucoma
in these 12 patients was confirmed by the absence of
corresponding changes in funduscopic cup-to-disc
percentage or AEs of visual field disturbance.
Despite the development of INS with low systemic

bioavailability, there is concern that prolonged use of INS
may be associated with HPA-axis suppression (16)
because endogenous corticosteroids are regulated by

feedback loops involving the HPA axis (10). Therefore,
therapeutic doses of exogenous corticosteroids could
potentially affect this physiological feedback by disrupting
diurnal cortisol levels or causing excess plasma cortico-
steroid concentrations, thereby inducing systemic AEs (8).
Several measures provide a sensitive indication of changes
in cortisol production and, thus, of basal HPA-axis
activity, including 24-h UC excretion (8–10). In this study,
there was no evidence of any effect of up to 12 months�
treatment with fluticasone furoate on 24-h UC excretion.
In support of these data, there was no evidence of AEs
suggestive of systemic corticosteroid exposure or HPA-
axis impairment. These results are expected given the low
systemic bioavailability (0.5%) of fluticasone furoate after
intranasal administration (11). Furthermore, this is reflec-
tive of the vast majority of data in the literature, which
suggest that INS, administered at recommended dosages,
present little risk of systemic AEs and have minimal effects
on HPA-axis function (9, 24–28).

As would be expected for an INS with high first-pass
metabolism, systemic exposure to fluticasone furoate was
very low in this study. Indeed, plasma fluticasone furoate
levels were not quantifiable for most patients, despite
using a sensitive assay method (lower limit of quantifi-
cation 10 pg/ml).

In conclusion, long-term (12-month) administration of
fluticasone furoate 110 lg od revealed a typical INS AE
profile in adult and adolescent patients with PAR, but no
evidence of clinically relevant systemic corticosteroid
exposure.
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