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Abstract

Introduction: Allergic rhinitis (AR) is a disease which affects
>24% of the population in Russia. Triamcinolone acetonide
(TAA) is a corticosteroid used for treating AR. This post hoc
analysis assesses the efficacy of intranasal TAA in improving
perennial AR (PAR) symptom scores over 4 weeks. Methods:
NASANIF (NCT03317015) was a double-blind, parallel-group,
multicenter, prospective, non-inferiority, phase Il clinical tri-
al in which patients with PAR were randomized (1:1) to re-
ceive TAA or fluticasone propionate (FP) over 4 weeks. Our
post hoc analysis evaluates weekly change in PAR symptoms
using the reflective Total Nasal Symptom Score (rTNSS),
overall and for individual symptoms (sneezing, nasal itching,
rhinorrhoea, and nasal obstruction). Proportion of patients
and time to achieve a =50 or =75% reduction in rTNSS were
assessed. For rTNSS endpoints, a linear mixed-model meth-
odology was used; for time-to-event endpoints, cumulative
incidence functions were estimated using the Kaplan-Meier

method, in the per-protocol population. Results: Of 260 pa-
tients, 128 each completed the study and were randomized
to receive TAA or FP. From baseline to week 4, the changes
in total rTNSS were —7.78 (95% Cl: —8.1701 to —7.3967; p <
0.001) and —7.52 (-7.9053 to —7.1320; p < 0.001) for TAA and
FP, respectively. Individual symptoms improved significant-
ly from baseline. The proportion of patients achieving =50
and =75% reductions in total rTNSS was 88.0 and 67.2%, re-
spectively in the TAA group. No significant differences were
observed between the TAA and FP in any analyses. Conclu-
sions: TAA produced effective and prolonged improvement
of PAR symptoms over a 4-week treatment period.
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Introduction

Allergic rhinitis (AR) is a major health issue which
currently affects up to 24% of the population in Russia [1].
The majority (80%) of individuals with AR develop symp-
toms before the age of 20 years. AR is a multifactorial dis-
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ease that can be classified by symptom frequency, as in-
termittent (symptoms on <4 days/week or for <4 con-
secutive weeks/year) or persistent (symptoms on >4 days/
week and >4 consecutive weeks/year) [2], or by the tem-
poral pattern of environmental exposure to the triggering
allergen, as seasonal (e.g., from pollens) or perennial (e.g.,
dust mites) [3]. Regardless of classification, typical symp-
toms are nasal congestion, nasal itch, rhinorrhea, and
sneezing [4]. AR can be further classified by severity. In
mild AR, sleep is normal and there is no impairment of
daily activities [5], whereas in severe AR there can be sig-
nificant impairment in quality of life, sleep, and work per-
formance [4]. AR can be challenging to treat, with many
patients experiencing persistent symptoms and becom-
ing polysensitized. Furthermore, difficult-to-treat phe-
notypes, such as mixed rhinitis and severe chronic upper
airways disease, have recently emerged [6].

A comprehensive review of the literature has shown
that the therapies commonly used in clinical practice for
the treatment of AR include antihistamines, corticoste-
roids, leukotriene modifiers, mast cell stabilizers, and de-
congestants [7]. Symptoms of AR can be targeted using
specific therapies that modulate acute- or late-phase al-
lergic reactions, and patient preferences are usually con-
sidered during treatment selection. Most current treat-
ments are directed at symptomatic relief of nasal conges-
tion, itching and sneezing. AR diagnosis (and the
subsequent design of a treatment plan) usually consists of
an in-depth analysis of patient history, a physical exam,
and a skin-prick test to confirm reactivity to aero-aller-
gens [8].

Intranasal corticosteroids are recognized as the most
effective treatment modality for relieving both early
(sneezing, nasal itching, and rhinorrhoea)- and late-
phase AR symptoms (nasal congestion/obstruction), due
to their ability to modulate the pathophysiology of AR
including the release of cytokines and other pro-inflam-
matory mediators [9, 10]. Intranasal administration en-
sures the delivery of corticosteroids directly to the nasal
mucosa, enhancing their local anti-inflammatory and an-
ti-allergic effects, while also minimizing systemic expo-
sure to therapy [6]. The symptom control provided by
intranasal corticosteroids positively impacts quality of
life by improving sleep quality, work productivity, and
the ability to perform daily activities [11] and is the stan-
dard recommended first-line treatment for patients with
moderate-to-severe AR [12].

Triamcinolone acetonide (TAA) is a synthetic fluori-
nated corticosteroid that is used for the treatment of AR
in both adults and paediatric patients [13]. TAA has been
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compared with fluticasone propionate (FP) in a Phase III
study in 260 adults with persistent perennial AR (PAR)
(NASANIF; NCT03317015) [14]. TAA was found to be
non-inferior to FP in terms of change in reflective Total
Nasal Symptom Score (rTNSS) from baseline to the end
of week 4 [14]. Due to the profound detrimental impact of
AR on patient quality of life, emotional well-being and
ability to perform daily activities, it is important for AR
patients to experience a reduction in symptoms as early as
possible [3, 11]. It is therefore important to determine the
efficacy of TAA treatment on a weekly basis in order to
determine how quickly symptom relief can occur. Our
study focuses on the weekly improvement in rTNSS. The
objective of this post hoc analysis of the NASANIF trial is
to further investigate and characterize changes in total and
individual symptom scores in patients with PAR at each
week over the 4 weeks of treatment with either TAA or FP.

Methods

Study Design and Objectives

The NASANTIF trial was a randomized (1:1), double-blind, par-
allel-group, multicentre prospective, non-inferiority, Phase III
study conducted between November 30, 2016, and July 10, 2017,
at 12 study centres in Russia. The study design has been described
previously [14]. In summary, 260 patients with previously diag-
nosed PAR with a positive skin-prick test were randomized to re-
ceive either intranasal TAA (220 pg once daily, administered as 2
x 55 pg sprays in each nostril) or FP (200 pg once daily, adminis-
tered as 2 x 50 pg sprays in each nostril) for 4 weeks.

In this analysis, for both treatments, efficacy was assessed as
follows: (i) the change in weekly rTNSS (both overall [i.e., total
score] and for the 4 individual component symptoms [sneezing,
nasal itching, rhinorrhoea, and nasal obstruction]) and (ii) the
proportion of patients achieving a minimum 50 or 75% reduction
in rTNSS, both overall and for individual symptoms. The time tak-
en to achieve these reduction milestones was also assessed.

Each symptom included in the rTNSS is scored according to a
5-point scale from 0 to 4: 0, absent; 1, mild (symptom present, but
not annoying or troublesome); 2, moderate (symptom frequently
troublesome, but not interfering with normal daily activities or
sleep); 3, severe (symptom sufficiently troublesome to interfere
with normal daily activity or sleep); and 4, very severe (symptom
severe enough to warrant an immediate visit to a physician). Total
r'TNSS is the sum of scores for each individual symptom, and thus
ranges from zero to a maximum of 16.

Statistical Analysis

Standard descriptive summary statistics (arithmetic mean,
standard deviation, minimum value, lower quartile, median, upper
quartile, and maximum value) were calculated for continuous
variables. The initial linear mixed model for change from baseline
for rTNSS included, as fixed effects, the continuous time variable
(indicating the corresponding days of rTNSS measurement, the
treatment indicator, and the interaction effects between treatment
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Fig. 1. LS mean change from baseline in to- 'é
tal rTNSS (PP population). Error bars indi- s
cate standard deviation. FP, fluticasone
propionate; rTNSS, reflective Total Nasal
Symptom Score; TAA, triamcinolone ace- =
tonide; LS, least-squares; PP, per-protocol.

arm and time). For random effects, initially both intercept and
slope were considered. Additionally, to estimate and compare
least-squares (LS) means, a mixed model with categorical time
(weekly visits), random intercept, treatment, and time treatment
interaction term were estimated. No simplification or building
strategy was applied to these models.

The proportions of patients who achieved a minimum 50 or
75% reduction in rTNSS at any time-point were assessed using de-
scriptive statistics, by presenting the cumulative proportion of re-
sponders achieving these response thresholds for the first time.
Time to event was calculated as the time from baseline to the end
of the week in which the response threshold (50 or 75% reduction
in r'TNSS) was met, or to the date of the last visit (for censored data).
Only the first achievement of a 50 or 75% reduction from baseline
was considered. Cumulative incidence functions were performed
using the Kaplan-Meier method for total score and for each symp-
tom separately. A log-rank test and cumulative incidence function,
along with associated 95% confidence intervals (CIs), were pro-
vided to assess differences between treatment groups.

The main analyses were conducted on data from the per-pro-
tocol (PP) population, whereas sensitivity analyses were conduct-
ed using data from the intent-to-treat (ITT) population. The sig-
nificance level was stated at 5% using 2-sided p values, and all sta-
tistical analyses were performed using SAS® Version 9.4 (Cary,
NC, USA).

Results

The study population has been described in detail pre-
viously [14]. Briefly, of 260 PAR intention-to-treat pa-
tients, 129 patients were randomised into the TAA treat-
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ment group, while 131 were randomized into the FP
group. Three patients discontinued the study premature-
ly (one in the TAA group and 2 in the FP group), and 1
patient was excluded by deviation, resulting in a total of
256 patients completing the study (128 in each treatment
group), constituting the PP population.

In the TAA arm, the LS mean changes in total rTNSS
from baseline (day 0) were —2.43 (95% CI: —2.82 to —2.05)
at week 1, -5.15 (95% CI: —5.53 to —4.76) at week 2, —6.75
(95% CI: —=7.13 to —6.36) at week 3, and —7.78 (95% CI:
-8.17to —7.40) at week 4 (Fig. 1). Changes versus baseline
were statistically significant at all study visits (p < 0.001).
Similar reductions in total rTNSS were observed in the FP
arm, and no significant between-group differences were
observed at any visit. The results obtained for the ITT
population were similar to those obtained for the PP pop-
ulation (data not shown).

Mean scores for individual symptoms decreased pro-
gressively each week (Fig. 2). In both treatment groups,
the difference from baseline was statistically significant
(p < 0.001) for all 4 symptoms and for all treatment
weeks. For TAA, LS mean changes from baseline to week
4 were —1.80 (95% CI: —1.94 to —1.67) for sneezing,
—-1.87 (95% CI: —2.00 to —1.75) for nasal itching, —2.01
(95% CI: —2.14 to —1.88) for rhinorrhea, and —2.10 (95%
CI: -2.22 to —1.97) for nasal obstruction. No significant
differences were observed between TAA and FP at any
time-point.
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Fig. 2. LS mean change from baseline in individual symptom scores for: sneezing (a); nasal itching (b); rhinor-
rhea (c); nasal obstruction (PP population) (d). *p < 0.001 versus baseline. Error bars indicate standard deviation.
FP, fluticasone propionate; rTNSS, reflective Total Nasal Symptom Score; TAA, triamcinolone acetonide; LS,

least-squares; PP, per-protocol.

The proportion of patients in the TAA group who
achieved at least a 50% reduction in total rTNSS was
63.0% at week 2 and 88.0% at week 4 (Table 1), versus 62.4
and 91.2%, respectively, with FP. The proportions of pa-
tients achieving at least a 75% reduction in total rTNSS
were 36.2% after 2 weeks and 67.2% after 4 weeks in the
TAA arm, versus 27.2 and 68.8%, respectively, in the FP
arm (Table 2). No significant differences were observed
between the TAA and FP groups in the achievement of
either of the response thresholds at any time-point (data
not shown).
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The probability of achieving at least a 50% reduction
in total rTNSS increased from 0.0 at baseline to approxi-
mately 0.90-0.95 after 4 weeks of treatment (Fig. 3). Sim-
ilarly, the probability of achieving a 75% reduction in
rTNSS increased from 0.0 at baseline to approximately
0.81 for TAA and 0.7 for FP after 4 weeks (Fig. 4). No
significant differences were observed between TAA and
FP in the probability of achieving either response thresh-
old. The results obtained for the ITT population were
similar to those obtained for the PP population (data not
shown).
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Table 1. Cumulative proportion of patients achieving at least a 50% reduction from baseline in rTNSS both
overall and for individual symptoms

Symptoms Treatment Week 1, Week 2, Week 3, Week 4,
group n/N (%) n/N (%) n/N (%) n/N (%)

Total rTNSS TAA 39/127 (30.7) 80/127 (63.0) 102/125 (81.6) 110/125 (88.0)
FP 40/126 (31.8) 78/125 (62.4) 95/125 (76) 114/125 (91.2)

Sneezing TAA 68/127 (53.5) 92/127 (72.4) 112/125 (89.6) 113/125 (90.4)
FP 57/126 (45.2) 86/125 (68.8) 100/125 (80.0) 116/125 (92.8)

Nasal itching TAA 65/127 (51.2) 100/127 (78.7) 110/125 (88.0) 114/125 (91.2)
FP 64/126 (50.8) 93/125 (74.4) 109/125 (87.2) 119/125(95.2)

Rhinorrhea TAA 41/127 (32.3) 85/127 (66.9) 96/125 (76.8) 111/125(88.8)
FP 42/126 (33.3) 81/125 (64.8) 99/125 (79.2) 111/125 (88.8)

Nasal obstruction TAA 35/127 (27.6) 77/127 (60.6) 92/125 (73.6) 104/125 (83.2)
FP 33/126 (26.2) 73/125 (58.4) 94/125 (75.2) 110/125 (88.0)

Data are presented as the cumulative number and percentage of patients achieving the specified response
threshold within each treatment group at each time-point. FP, fluticasone propionate; TAA, triamcinolone aceton-
ide; rTNSS, reflective Total Nasal Symptom Score.

Table 2. Cumulative proportion of patients achieving at least a 75% reduction from baseline in rTNSS both

overall and for individual symptoms

Symptoms Treatment Week 1, Week 2, Week 3, Week 4,
group n/N (%) n/N (%) n/N (%) n/N (%)

Total rTNSS TA 11/127 (8.7) 46/127 (36.2) 57/125 (45.6) 84/125 (67.2)
FP 13/126 (10.3) 34/125 (27.2) 58/125 (46.4) 86/125 (68.8)

Sneezing TA 26/127 (20.5) 52/127 (40.9) 65/125(52.0) 86/125 (68.8)
FP 24/126 (19.1) 46/125 (36.8) 62/125 (49.6) 82/125 (65.6)

Nasal itching TA 24/127 (18.9) 54/127 (42.5) 69/125 (55.2) 85/125 (68.0)
FP 25/126 (19.8) 46/125 (36.8) 66/125 (52.8) 90/125 (72.0)

Rhinorrhea TAA 8/127 (6.3) 37/127 (29.1) 60/125 (48.0) 76/125 (60.8)
FP 9/126 (7.1) 30/125 (24.0) 48/125 (38.4) 72/125 (57.6)

Nasal obstruction TAA 9/127 (7.1) 28/127 (22.1) 46/125 (36.8) 67/125 (53.6)
FP 11/126 (8.7) 20/125 (16.0) 44/125 (35.2) 68/125 (54.4)

N (%), number and percentage of patients; FP, fluticasone propionate; TAA, triamcinolone acetonide; rTNSS,

reflective Total Nasal Symptom Score.

Discussion

Intranasal administration of TAA significantly im-
proved both overall and rTNSS and individual symptoms
scores from baseline to the end of study treatment in PAR
patients with the changes in rTNSS recorded at each week
versus baseline being statistically significant. Similar re-
sults were observed for participants in the FP group. In
the TAA group, 88.0 and 67.2% of patients achieved =50

Efficacy of Triamcinolone Acetonide for
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and >75% reductions in total rTNSS, respectively, with
similar results observed in the FP group.

The focus of this post hoc analysis was the change in to-
tal and individual nasal symptom scores over 4 weeks in
patients with PAR who were randomized to receive either
TAA or FP. TAA was demonstrated to be efficacious in re-
ducing the total rTNSS and scores for individual symptoms,
with a continuous improvement being seen through week
4, the last time-point at which symptoms were assessed.
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lone acetonide.

Sneezing, nasal itching, and rhinorrhoea are features of
the early phase of AR, whereas nasal congestion/obstruc-
tion is associated with the late phase. Although it appears
some hours after the onset of an allergic reaction, nasal
congestion is usually considered to be the most bother-
some symptom of AR, and has a considerable impact on
quality of life [9]. We found that relief from individual
symptoms, including nasal obstruction, was significant
from week 1 onwards, and furthermore, that there was a
continuous and consistent improvement in symptoms
over the course of the study in both treatment groups.

Additionally, over 60% of patients achieved a substan-
tial response to TAA (i.e., a 250% reduction in total
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r'TNSS vs. baseline, indicating a halving of symptom bur-
den) after 2 weeks of treatment, and almost 90% achieved
this threshold at week 4. An extensive response (i.e., a
>75% reduction in total rTNSS vs. baseline), representing
a shift from moderate-to-severe symptoms to mild symp-
toms, was achieved by 36% of TAA recipients at week 2,
and by 67.2% at week 4. Patients treated with FP experi-
enced similar effects on symptom burden. The high pro-
portions of patients achieving 250 and >75% symptom
improvement with TAA treatment are consistent with the
high satisfaction ratings reported in the original
NASANIF trial (83.6% of patients and 84.4% of physi-
cians reported satisfaction with TAA treatment) [14].
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There were 65 individual adverse events (31 in the TAA
group vs. 34 in the FP group) documented in 47 (18.1%; 25
vs. 22) of the 260 (129 vs. 131) treated patients. The most
frequently reported single events were nervous system dis-
orders 14 versus 9 AEs in 13 (10.8%) versus 6 patients
(4.58%), including headache 13 versus 8 cases; respiratory,
thoracic, and mediastinal disorders 6 versus 11 AEs in 6
(4.65%) versus 10 (7.63%) patients. In terms of severity, 27
versus 31 AEs were rated as mild in 41 patients: 21 (16.28%)
versus 20 (15.27%) patients. Moderate AEs 3 versus 3 cases
were detected in 6 patients: 3 (2.33%) versus 3 (2.29%). Se-
vere AE was detected in a single case in 1 patient (0.78%)
in the FP group. All patients who reported adverse events
were recovered by the end of the study.

TAA has been demonstrated to have significant effects
on symptoms of AR as early as 12 h after the start of treat-
ment, with a maximum effect at 3-5 days [15]. As well as
having a rapid onset of action, effective pharmacothera-
pies for AR must provide symptom improvement that is
sustained for the duration of treatment. Furthermore, we
have shown that TAA treatment significantly improves
the quality of life of PAR patients (Karaulov et al. [16],
submitted). This post hoc analysis assessed the improve-
ment of PAR symptom scores in patients treated with
TAA or FP over 4 weeks, although further studies will be
needed to determine if this effect can be sustained over a
longer period despite positive early indications.

Our study adds to a growing body of evidence suggest-
ing that intranasal TAA and FP have comparable efficacy
in PAR. Some head-to-head studies have demonstrated
that TAA and FP have similar efficacy in seasonal AR [7,
17]. Other studies have shown that the treatments have
similar positive effects on quality of life, in both seasonal
[9] and perennial [14] AR.

A multitude of factors influences the successful treat-
ment of AR, including patient acceptance and adherence
to medication as well as correct administration technique
[18]. Patient compliance is important for and correlates
with treatment effectiveness [19]. Key factors that influ-
ence patient adherence include sensorial attributes such
as taste, scent, post-nasal drip, irritation/dryness of the
nose/throat, and convenience (how easy it is to carry and
use) [20, 21]. TAA has a mild odour and taste and has
been formulated in a thixotropic aqueous solution that
produces a sensation of moistness in the throat and nose;
these attributes should promote patient adherence to
treatment [17, 21, 22].

Our study has some limitations to consider. First of all,
this study did not compare the efficacy of TAA versus FP
in subgroups of interest defined by age, gender, ethnicity,

Efficacy of Triamcinolone Acetonide for
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or concomitant diseases. Furthermore, as the study dura-
tion was limited to 4 weeks, it is unclear to what extent the
symptom reduction of perennial AR achieved by TAA
therapy can be sustained over a longer time period. Long-
term follow-up studies would therefore be informative to
assess the longevity of the symptoms reductions induced
by TAA treatment. The aim of the primary trial on which
this post hoc analysis is based was to compare the efficacy
of TAA with that of a known treatment, FP. Therefore,
there was not a placebo arm in this study but the inclusion
of a placebo arm could be informative in future studies.
As eosinophils play a crucial role in the pathogenesis of
allergic airway inflammation, previous studies on AR
have assessed the impact of serum eosinophil cationic
protein levels, eosinophil activation, and eosinophil phe-
notype on AR disease severity [23, 24]. The primary trial
did not assess these factors; therefore, this limitation may
be addressed in future work. In conclusion, this post hoc
analysis showed that intranasal TAA and FP were simi-
larly efficacious in patients with moderate-to-severe PAR.
TAA administered once daily demonstrated effective and
sustained control of PAR symptoms, with continuous im-
provement in total and individual symptom scores over 4
weeks of treatment.
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