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ABSTRACT 
Background: It is essential to assess potential 

growth effects of any newly developed corticosteroid. 
Fluticasone furoate is a recently approved, enhanced- 
affinity intranasal corticosteroid with low systemic 
bioavailability and proven efficacy in treating allergic 
rhinitis. 

Objective: The aim of the current study was to as- 
sess whether treatment with fluticasone furoate nasal 
spray affected the short-term lower-leg growth rate in 
children with allergic rhinitis. 

Methods: Prepubertal children with seasonal or 
perennial allergic rhinitis of at least 1 year's duration 
were included in this single-center, randomized, double- 
blind, placebo-controlled, crossover study. The study 
consisted of 4 periods, each of 2 weeks' duration 
(screening, then 2 treatment periods separated by a 
washout). Study medications were fluticasone furoate 
nasal spray 110 pg and placebo nasal spray, both ad- 
ministered QD in the morning. The primary end 
point, lower-leg growth rate (measured in millimeters 
per week), was assessed by knemometry. Adverse events 
were also assessed. 

Results: Fifty-eight patients were randomized to the 
study and comprised the intent-to-treat (ITT) population 
(mean [SD] age, 9.1 [1.4] years; 39 males, 19 females). 
Five patients were excluded from the ITT group due to 
protocol violations; thus, 53 patients (mean [SD] age, 
9.0 [1.4] years; 35 males, 18 females) comprised the 
growth population (a de facto per-protocol group). In 
the growth population, the adjusted mean lower-leg 
growth rate was 0.40 and 0.42 mrrdwk with flutica- 
sone furoate and placebo, respectively. The difference in 
adjusted mean lower-leg growth rate between flutica- 
sone furoate and placebo was -0.016 mm/wk (95% CI, 
-0.13 to 0.10). Fluticasone furoate was noninferior to 
placebo, as the lower boundary of the 95% CI was above 
the prespecified noninferiority margin of-0.20 mm/wk. 

These results were supported by the ITT analysis. 
Fluticasone furoate nasal spray was well tolerated and 
had an adverse-event profile similar to that of placebo 
nasal spray. Nasopharyngitis (placebo, 4; fluticasone 
furoate, 1) and headache (placebo, 3; fluticasone furo- 
ate, 1) were the most frequent adverse events during 
the treatment periods. 

Conclusion: In this study, fluticasone furoate nasal 
spray 110 pg QD for 2 weeks had no effect on lower- 
leg growth rate in these prepubertal children with al- 
lergic rhinitis. (Clin Ther. 2007;29:1738-1747) Copy- 
right © 2007 Excerpta Medica, Inc. 
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I N T R O D U C T I O N  

Allergic rhinifis is the most common chronic condition in 
children, affecting up to 40%. 1 Nasal congestion, itch- 
ing, and rhinorrhea can have a detrimental impact on 
quality of life, and if left untreated, the nasal symptoms 
can lead to sleep disturbances and learning problems 
during school hours. 2 In addition, the occurrence of al- 
lergic rhinitis often precedes the development of asthma. 1 
Effective management of allergic rhinitis may help to pre- 
vent the occurrence of asthma, and optimal management 
of rhinitis may improve coexisting asthma. 1 

Intranasal corticosteroids are the most effective 
treatment of allergic rhinitis. 3 Fluticasone propionate 
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and mometasone furoate have a low incidence of sys- 
temic adverse effects, including suppression of longitudi- 
nal growth. With these agents, systemic exposure from 
the gastrointestinal tract is minimized owing to low 
bioavailability and complete first-pass hepatic metabo- 
lism. 4-7 However, short- or long-term growth suppres- 
sion has been observed with intranasal preparations of 
the corticosteroids beclomethasone dipropionate s,9 and 
budesonide, s,9 both of which have greater bioavailabili- 
ty than fluticasone propionate and mometasone furo- 
ate. Such findings highlight the need to evaluate all 
new intranasal corticosteroids for potential growth- 
suppression effects before they are introduced in chil- 
dren. Therefore, despite data detailing the effects of 
various inhaled corticosteroids on the short- and long- 
term growth of children with asthma, 1° well-designed 
prospective studies evaluating lack of growth suppres- 
sion are warranted with any new corticosteroid. 

Before undertaking long-term growth studies, which 
may take years to complete, the growth-suppressive po- 
tential of intranasal corticosteroids can be assessed over 
a few weeks using knemometry. Knemometry has been 
validated as a sensitive, highly reproducible, and nonin- 
vasive measurement of short-term lower-leg growth. 11 
Although the results of knemometry studies cannot ac- 
curately predict the effect of a compound on long-term 
growth, the absence of an effect on short-term lower-leg 
growth is reassuring, because it suggests that an adverse 
effect on growth rate is unlikely to occur with long- 
term use. 12 

Fluticasone furoate nasal spray is an enhanced-affinity, 
intranasal corticosteroid recently approved for treat- 
ment of the symptoms of seasonal and perennial aller- 
gic rhinitis in adults, adolescents, and children aged 
>2 years in the United States. 13 Fluticasone furoate is a 
potent corticosteroid: preclinical data show that it has 
the highest affinity for the glucocorticoid receptor of all 
currently available corticosteroids (relative receptor 
affinity = 2989, where dexamethasone = 100), com- 
bined with low systemic bioavailability (0.5%). 14 It is 
provided in a side-actuated delivery device developed 
for use in adults and children. Fluticasone furoate nasal 
spray has been assessed in children aged 2 to 11 years 
with seasonal or perennial allergic rhinitis, demonstrat- 
ing efficacy against the nasal symptoms of these condi- 
tions, with a good tolerability profile. 15,16 

The current study was designed to assess whether 
treatment with fluticasone furoate nasal spray, at the 
maximum proposed dosage of 110 tlg QD, has any 

adverse effect on short-term growth measured by 
knemometry in children with allergic rhinitis. 

PATIENTS A N D  METHODS 
Patients and Study Design 

The minimum age to be eligible for study was 6 years. 
A total of 21 girls aged 6 to 10 years and 40 boys aged 
6 to 11 years, all prepubertal (ie, Tanner stage 1), were 
recruited from a secondary pediatric outpatient clinic 
(Randers, Denmark) and by advertising in a local 
newspaper. All children had a documented history of 
seasonal or perennial allergic rhinitis of at least 
1 year's duration. Sensitization was confirmed by a 
positive skin-prick test (wheal >3 mm) or a specific 
immunoglobulin E radioallergosorbent test to an ap- 
propriate seasonal or perennial allergen. All children 
had a height within the 5th and 95th percentile for age 
and sex determined by stadiometry and Danish longitu- 
dinal standard charts, and a normal full blood count 
and biochemical profile. Patients were excluded from 
the study if they had: a history of any condition that 
might have affected growth; asthma (other than mild, 
intermittent asthma controlled by short-acting [32 - 
agonists); or used inhaled or intranasal corticosteroids 
within 2 weeks, or corticosteroids by any other route 
within 4 weeks, before enrollment. Concomitant use of 
any other treatment that could adversely affect linear 
growth--such as methylphenidate, growth hormone, 
thyroid hormone, androgens, estrogens, progestins, cal- 
citonin, bisphosphonates, anticonvulsants, or phosphate- 
binding antacids--was prohibited. 

If required, rescue medication with loratadine QD 
was permitted during the study, but no other antialler- 
gy or antirhinitis medications were allowed. Informed 
oral consent was obtained from all children and their 
families. Parents of all children provided written in- 
formed consent before enrollment. The study was per- 
formed in compliance with Good Clinical Practice 
guidelines and in accordance with the Declaration of 
Helsinki. 

This study was a single-center, randomized, double- 
blind, placebo-controlled, crossover trial with 5 visits 
and 4 periods: a screening period, and 2 treatment pe- 
riods separated by a washout, each of 2 weeks' dura- 
tion (Figure 1). Treatments were fluticasone furoate 
nasal spray 110 tlg, administered as two 27.5-tlg 
sprays per nostril each morning, and vehicle placebo 
nasal spray of identical appearance. At the end of the 
screening period, patients were randomly assigned in 
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a 1:1 ratio by a computer-generated randomization 
schedule to double-blind treatment with either flutica- 
sone furoate or placebo, and were then crossed over 
to the alternate study treatment after the washout pe- 
riod. During the screening and washout periods, par- 
ticipants received single-blind placebo nasal spray. 
The correct use of the nasal spray, alternating sprays to 
each nostril directed away from the nasal septum, was 
demonstrated to each child or parent at dispensing. 
Follow-up was conducted by telephone 3 to 7 days 
after the final clinic visit. 

Knemometry Measurements 
At each of the 5 visits, the lower-leg length (ie, the 

distance between the top of the knee and the bottom 
of the heel of the seated child) was measured using a 
knemometer, which was calibrated before each study 
visit. Four measurements were taken of the right leg. 
The initial measurement was discarded, and the mean 
of the 3 subsequent measurements was used for analy- 
sis. All measurements were performed by the same 
trained observer and performed between 1 PM and 7 PM, 
always within -+2 hours of the assessment at visit 1. 
The potential for observer bias was avoided by the 
double-blind study design. To minimize fluctuations 
in soft tissue thickness--for example, from the tissues 
above the knee and the intra-articular fluid--patients 

were required to avoid heavy exercise 3 hours before 
each visit, and rested in a chair for 5 minutes before 
each measurement. Lower-leg growth rates were cal- 
culated for each period by the conventional method as 
described previously 17 (the change in lower-leg length 
in a given period divided by the duration of the peri- 
od, expressed in millimeters per week). 

Other Safety Assessments 
Other safety and tolerability measures included the 

frequency and type of adverse events, blood pressure, 
and heart rate. Adverse events were monitored by 
diary cards and inquiries at clinic attendances from 
visit 1 through to the follow-up visit and graded as 
mild, moderate, or severe; causality of any adverse 
events reported during the study was assigned by the 
study investigator. Nasal examinations of the mucosa, 
turbinates, and septum were also conducted to assess 
the presence of local adverse events and signs of dis- 
ease activity. Adherence was assessed by diary record- 
ings and by weighing the nasal spray bottles before 
dispensing and on return. The study was conducted 
from April to October 2005. 

Statistical Analysis 
The study was powered to demonstrate noninferi- 

ority of the lower-leg growth rate during treatment 
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Figure 1. Study design. 
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with fluticasone furoate relative to that with placebo. 
The power calculation was based on the SD of lower- 
leg growth rates (0.30 mm/wk) from previous kne- 
mometry trials. 1s,19 A 2-sided 95% CI was selected to 
provide information about the range of potential val- 
ues for the comparison of lower-leg growth rate with 
fluticasone furoate relative to placebo, as well as pro- 
viding the same degree of confidence as a 1-sided 
97.5% CI in relation to noninferiority. 

Assuming normally distributed data and a true treat- 
ment difference of 0.0 mrrdwk, and to be able to 
demonstrate with 90% power that the lower end of the 
2-sided 95% CI for the difference in lower-leg growth 
rates between fluticasone furoate and placebo would 
be no more than -0.20 mrrdwk (50% of the estimated 
placebo growth rate of 0.40 mm/wk), 50 children were 
required to complete the study. Because the withdraw- 
al rate in short-term knemometry studies can be up to 
20%, 9 a total of 61 children were enrolled. 

The primary noninferiority analysis was performed 
on the protocol-defined growth population (a de facto 
per-protocol group excluding children with protocol vio- 
lations that may have influenced accurate assessment of 
lower-leg growth rate). Supportive analyses were car- 
ried out on the intent-to-treat (ITT) population, which 
was defined as all patients who were randomized and 
received at least 1 dose of study medication. 

The noninferiority comparison of fluticasone furo- 
ate versus placebo was performed using analysis of co- 
variance (ANCOVA), adjusting for baseline lower-leg 
growth velocity (calculated based on knemometric 
measurements at visits 1 and 2), age, and sex. Period 
was included in the analysis model as a fixed effect to 
confirm the assumption of no period effect. Subject 
was included in the model as a random effect. 

RES U LTS 
Patients 

Of the 61 children recruited, 3 were not randomized: 
2 failed the eligibility criteria and the other was with- 
drawn at parental request. Thus, 58 patients were ran- 
domized (29 to each treatment sequence) to receive 
treatment and comprised the ITT population. Five chil- 
dren were excluded due to protocol violations (1 patient 
did not undergo all growth assessments, 1 patient took 
a prohibited medication that could affect growth in 
addition to failing to undergo all growth assessments, 
and the other 3 patients took prohibited medication), 
and the remaining 53 patients thus comprised the 

growth population. Patient entry and participation in 
the study are summarized in Figure 2. 

There was no notable difference in demographic 
characteristics between the ITT and growth popula- 
tions (Table I). Mean adherence to study medication 
was >96%, based on evidence from diary cards, and 
this was not affected by the order of the treatment se- 
quence. Forty-eight (91%) patients in the growth popu- 
lation were >90% compliant and 4 (8%) patients were 
80% to 90% compliant; the corresponding percent- 
ages in the ITT population were similar. Mean and 
median daily usage of study medications, as assessed 
by bottle weight, were similar between treatment with 
fluticasone furoate (mean and median, 0.20 g/d) and 
with placebo (mean, 0.22 g/d; median, 0.21 g/d), and 
close to the expected daily usage of 0.22 g/d. 

G rowth Measurements 
In the analysis of the growth population, the adjust- 

ed mean lower-leg growth rate was 0.40 and 0.42 mm/wk 
with fluticasone furoate and placebo, respectively. The 
difference in adjusted mean lower-leg growth rate be- 
tween treatment with fluticasone furoate and with 
placebo was -0.016 mrrdwk (95% CI, -0.13 to 0.10). 
This result was supported by the ITT analysis, for 
which the least squares mean lower-leg growth rate 
was 0.40 and 0.41 mm/wk with fluticasone furoate 
and placebo, respectively, with a treatment difference 
of-0 .013 mm/wk (95% CI, -0.12 to 0.10). 

Without adjustment for the covariates, the differ- 
ence between treatment with fluticasone furoate and 
placebo for the growth population was almost identi- 
cal to the ANCOVA (data not shown). Thus, the co- 
variates had very little impact on the result. Table II 
shows the raw mean lower-leg growth rates in the 
growth population according to treatment sequence. 
Overall, the raw mean lower-leg growth rates were 
0.41 mm/wk for fluticasone furoate and 0.43 mrrdwk 
for placebo. Individual growth rates for the 2 treat- 
ments are shown in Figure 3. 

The technical error of the knemometer (ie, the 
mean of the SDs for each set of 3 successive estima- 
tions of lower-leg length) was 0.06 ram. 

Other Safety and Tolerability Assessments  
Fluticasone furoate nasal spray was well tolerated 

and had an adverse-event profile similar to that of place- 
bo nasal spray. Nasopharyngitis (placebo, 4; fluticasone 
furoate, 1) and headache (placebo, 3; fluticasone furo- 
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Figure 2. Patient entry and participation in the study. ITT = intent-to-treat. 

ate, 1) were the most frequent adverse events during the 
treatment periods. Epistaxis, reported by 3 patients dur- 
ing treatment with fluticasone furoate, was the only ad- 
verse event considered by the investigator to be drug 
related; all cases were mild in intensity. During the study, 
there were no serious adverse events, no incidences of 
new polyps or nasal ulceration, and no significant effects 
on blood pressure or heart rate. 

DISCUSSION 
The absence of an observed effect on short-term 
lower-leg growth in the current study might be pre- 
dicted from the pharmacology of fluticasone furoate. 
The main factors responsible for intranasal cortico- 
steroids having a potential for systemic activity are ab- 
sorption through the nasal epithelium and from the 

gastrointestinal tract, and hepatic metabolic rate. 2°,21 
Low nasal and gastrointestinal absorption, and high 
first-pass hepatic inactivation, are important pharmaco- 
kinetic properties of newer intranasal corticosteroids, 2°,21 
with clinically relevant differences in systemic bioavail- 
ability seeming primarily to reflect different degrees of 
first-pass metabolism. 22 The fraction of drug becom- 
ing systemically available after oral administration re- 
portedly ranges from 41% to 11% for beclomethasone 
dipropionate, triamcinolone acetonide, and budes- 
onide, to <1% for fluticasone propionate and mometa- 
sone furoate. 22 Fluticasone furoate nasal spray has 
demonstrated efficacy in allergic rhinitis 23,24 with sys- 
temic bioavailability of 0.5%. 14 In 641 adult and ado- 
lescent patients with seasonal allergic rhinitis who re- 
ceived fluticasone furoate 55 to 440 pg QD for 2 weeks, 
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Table I. Patient demographic and baseline 
characteristics. 

Iqq- Growth 
Population Population 

(n = 58) (n = 53) 

Age, y 
Mean (SD) 9.1 (1.4) 9.0 (1.4) 
Range 6-11 6-11 

Sex, no. (%) 
Male 39 (67) 35 (66) 
Female 19 (33) 18 (34) 

Race, no. (%) 
White 56 (97) 51 (96) 
Other 2 (3) 2 (4) 
Black 0 0 

Height, cm 
Mean (SD) 136.6 (9.8) 136.3 (9.7) 
Range 113-157 113-155 

Weight, kg 
Mean (SD) 33.3 (9.1) 33.1 (8.7) 
Range 19-59 19-54 

Duration o f  allergic 
rhinitis, no. (%) 

< 1 Year 0 0 
_>1 to <3 Years 26 (45) 24 (45) 
_>3 Years 32 (55) 29 (55) 

Iqq- Population = intent-to-treat group (all patients who 
were randomized and received at least 1 dose of study medi- 
cation); Growth Population = a de facto per-protocol group 
excluding children with protocol violations that may have 
influenced accurate assessment of lower-leg growth rate. 

only 5% of 1476 blood samples had measurable plas- 
ma concentrations of fluticasone furoate (lower limit 
of quantification, 10 pg/mL). 23 In addition, there were 
no significant effects on urine cortisol levels. Systemic 
activity of fluticasone furoate may be even lower in 
prepubertal children, because they metabolize exoge- 
nous corticosteroids approximately twice as fast as 
adolescents and adults. 25 

The absence of an observed effect in the current 
study is consistent with observations in randomized, 
controlled knemometry studies of other intranasal 
corticosteroids with low bioavailability. When admin- 
istered as aqueous sprays QD in the morning, neither 
fluticasone propionate (200 pg) nor mometasone furo- 
ate (100 or 200 pg) affected short-term growthf ,7 
with 1 study reporting that QD triamcinolone aceto- 
nide 220 pg aqueous spray also had no effect. 5,7 How- 
ever, the technique of knemometry is sufficiently sen- 
sitive to detect short-term growth-suppressive effects 
of therapeutic doses of intranasal budesonide, 9 and it 
can differentiate between active treatments with dif- 
ferent systemic exposures. 26 

Our study employed placebo for comparison pur- 
poses. Ethical concerns precluded the use of a positive 
control that would definitely have suppressed growth 
in these children. In the absence of such a test of assay 
sensitivity, it is important to establish that the method- 
ology of the study was adequate to detect an effect 
of fluticasone furoate on growth, had such an effect 
existed. 

The study design was similar in terms of treatment 
duration, washout period, and sample size to those 
used in previous crossover studies that have demon- 

Table II. Raw mean lower-leg growth rates in the growth population* according to treatment sequence. 

Treatment Sequence: Fluticasone Furoate-Placebo 
(n = 27) 

Treatment Sequence: Placebo-Fluticasone Furoate 
(n = 26) 

Raw Mean Lower-Leg Growth Rate, 
Period mm/wk (SEM) [range] Period 

Screening 0.40 (0.042) [0.02 to 0.95] Screening 
Fluticasone furoate 0.44 (0.059) [-0.09 to 1.01]  Placebo 
Washout 0.45 (0.065) [-0.40 to 1.14] Washout 
Placebo 0.40 (0.050) [-0.02 to 0.88] Fluticasone furoate 

Raw Mean Lower-Leg Growth Rate, 
mm/wk (SEM) [range] 

0.38 (0.066) [-0.49 to 1.091 
0.45 (0.046) [0.09 to 1.071 
0.40 (0.059) [-0.16 to 1.001 
0.39 (0.078) [-0.42 to 1.27] 

*A de facto per-protocol group excluding children with protocol violations that may have influenced accurate assessment of 
lower-leg growth rate. 
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strated a statistically significant (P _< 0.02) suppressive 
effect of intranasal and inhaled corticosteroids on short- 
term lower-leg growth. ]8,2¢27 A crossover design was 
chosen, because parallel-group knemometry designs in 
small numbers of patients may not always have the 
power to detect effects on short-term growth. 9J9 
Furthermore, interindividual short-term variations in 
spontaneous growth rate have been thought to imply a 
risk of confounding parallel-group designs, so the cross- 
over design is usually considered to be more sensitive 
for assessment of growth-suppressive effects of exoge- 
nous corticosteroids, u A noninferiority design, in- 
corporating noninferiority testing of lower-leg growth 
rates with fluticasone furoate relative to those with 
placebo, was chosen to establish that the true effect of 
fluticasone furoate on short-term growth is unlikely to 
be clinically relevant, and a 2-sided CI was used to 
characterize the range of possible differences in growth 
between active treatment and placebo. The noninferiori- 
ty margin of-0.20 mrrdwk was chosen because, in pre- 
vious studies, a reduction in lower-leg growth rate of 
_>50% has been considered to represent a clinically sig- 
nificant effect. 5,9,26,28 

As well as the noninferiority criterion being met in 
this study, the mean lower-leg growth rates were very 

similar between the 2 study groups. Consistent with 
the pulsatile nature of childhood growth, 29 there was 
intraindividual variability in lower-leg growth rates in 
the different periods of the study. As expected, most 
children with lower-leg growth rates in the lower 
range on placebo showed an increase on fluticasone furo- 
ate, and vice versa. Furthermore, the ranges of lower- 
leg growth rates observed during the treatment phases 
were consistent with those observed during the screen- 
ing and washout periods (Table II). 

In earlier short-term knemometry studies of in- 
tranasal corticosteroids, 9,19 lower-leg length was mea- 
sured twice each week and lower-leg growth rate was 
calculated by assessing the slope of the measurements 
by linear regression. A rigorous comparison of that 
method with the conventional method of assessing the 
change in lower-leg length in a given period divided by 
the length of the period expressed in millimeters per 
week, however, showed that statistical results and 
conclusions did not differ between the methods. 17 
This confirms that an appropriate method of calculat- 
ing short-term lower-leg growth rate was used in this 
study. The sensitivity of the knemometer in the cur- 
rent study was also acceptable, as the technical error 
was lower than that observed in previous evaluations 
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in children with allergic rhinitis, which ranged from 
0.07 to 0.10 ram. 7,19,26 

The study completion period of 7 months in the 
current study should not have influenced the growth 
results. In 2 previous knemometry trials of intranasal 
corticosteroids in seasonal allergic rhinitis, all partici- 
pating children were enrolled within 2 weeks and 
the studies were completed during the pollination sea- 
son, 9,19 although 1 study in children with seasonal or 
perennial allergic rhinitis did not give information on 
the duration of enrollment of the study population or 
on what time of the year the study was conducted. 7 It 
has been well documented that marked seasonal varia- 
tions in lower-leg growth and, indeed, in height growth 
may occur. 3° In accord with this, it has been consid- 
ered that the high sensitivity of short-term knemome- 
try trials in corticosteroid-treated children to some 
extent may rely on the completion of all participating 
children within the same season. 3° That perception, 
however, has recently been challenged. In a random- 
ized, placebo-controlled knemometry study that used 
3-week treatment periods and evaluated inhaled dry 
powder budesonide 200 tlg BID, the study population 
was enrolled over -18 months. 31 The significant 
growth suppression (P = 0.002) that was observed 
was very similar to that seen in trials using 1- and 
4-week treatment periods, in which the study popula- 
tions were recruited within 1 or 2 weeks and the stud- 
ies were completed within 1 season) 8,32 These 
findings have provided evidence that the sensitivity of 
short-term knemometry evaluations in group studies 
of children treated with exogenous corticosteroids is 
not affected by the studies being completed over 
>1 season. 

Concomitant medical conditions would not have 
influenced the results. Patients who had concomitant 
conditions with a potential to affect growth were ex- 
cluded by the study protocol. Furthermore, the cur- 
rent study included children without asthma or with 
only mild, intermittent asthma to minimize any possi- 
ble influence of poorly controlled asthma or other 
medications on short-term growth. In addition, as 
with many previous knemometry evaluations in chil- 
dren with atopic disease, 18,28,31-33 medication for 
asthma was used only on an as-needed basis. Al- 
though inhaled ~2-agonists have been shown in labo- 
ratory studies to affect the secretion of growth 
hormone, 34 a recent clinical study demonstrated that 
the short-acting ~2-agonist salbutamol did not sup- 

press short-term growth in children with asthma. 35 
Therefore, considering the foregoing points, it is very 
unlikely that the lack of a detectable effect of flutica- 
sone furoate in the current study was due to methodo- 
logic issues. 

The potential for therapeutic doses of intranasal 
corticosteroids to suppress growth in children has pre- 
viously been documented, in terms of both short-term 
lower-leg growth using knemometry 9 and 1-year 
height growth assessed by stadiometry. 8 Intranasal 
budesonide aerosol spray 200 tlg BID was found to 
suppress short-term lower-leg growth in a random- 
ized, double-blind study involving 44 school-aged 
children with allergic rhinitis (P < 0.001).9 In contrast, 
administration of budesonide 400 tlg QD from a dry 
powder insufflation device in 22 school-aged children 
with allergic rhinitis or from an aqueous suspension 
pump spray in 38 school-aged children with seasonal 
or perennial rhinitis did not cause growth suppres- 
sion. 7,19 These conflicting results may reflect an ad- 
vantage of QD over BID administration, and to some 
extent the possibility that QD administration in the 
morning may reduce the risk of growth suppression. 33 
Consistent with this, it has been reported that 1 year of 
treatment with intranasal mometasone furoate 100 t~g 
QD, fluticasone propionate up to 200 tlg QD, or bu- 
desonide 64 tlg QD, each administered in the morn- 
ing, were not associated with any effects on height 
growth. 6,36,37 However, in a 1-year, double-blind, ran- 
domized height growth study of 100 children, treat- 
ment with intranasal beclomethasone dipropionate 
168 tlg BID was associated with significant growth 
suppression of 0.9 cm (P < 0.01). s 

Overall, when the available data from short- and 
long-term growth evaluations in children taking in- 
tranasal corticosteroids and inhaled corticosteroids 
are interpreted, it is clear that a statistically significant 
suppressive effect on short-term lower-leg growth 
does not predict the effect on long-term height growth 
in individuals. Long-term growth effects, if any, are 
much less marked. Importantly, however, minute vari- 
ations in short-term lower-leg growth appear to have 
no implications for long-term growth) 2 Indeed, the 
negative results of a recent randomized, double-blind 
knemometric evaluation of inhaled ciclesonide 160 tlg 
in 24 children aged 7 to 12 years 38 were consistent 
with a lack of a detectable effect on 1-year height 
growth. 39 Therefore, our finding of a lack of effect on 
short-term growth implies that it is unlikely that long- 
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term height growth suppression will occur in children 
with allergic rhinitis treated with fluticasone furoate 
nasal spray 110 pg QD. It should be noted that, owing 
to study location, the population recruited for this study 
did not include a wide range of racial groups. However, 
we cannot identify reasons as to why the growth find- 
ings reported here may not be applicable to multiracial 
societies with a more diverse population base. 

C O N C L U S I O N  
The results of this single-center, randomized, double- 
blind, placebo-controlled, crossover study showed 
that fluticasone furoate nasal spray 110 pg QD had 
no effect on short-term lower-leg growth rate in these 
prepubertal children with allergic rhinitis. 
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