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Abstract

Background: Daily intranasal corticosteroid (INCS) is recommended for treating allergic rhinitis (AR). Nevertheless,
patients are generally not adherent and use it on-demand. The data on the efficacy of as-needed INCS was insufficient.

Objective: We conducted a systematic review and meta-analysis to assess the efficacy of as-needed INCS compared
with regular use for AR.

Methods: We searched PubMed/MEDLINE, Scopus, Web of Science, and the Cochrane Central Register of Controlled
Trials for randomized controlled trials (RCTs) until May 2021. A pairwise meta-analysis used a random-effects model
to estimate the pooled standardized mean difference (SMD). The primary outcome was the total nasal symptom score
(TNSS) changes from baseline at 4 and 6 weeks. Secondary outcomes were the changes of individual nasal symptom
score and quality-of-life (QoL) score.

Results: We identified five eligible RCTs with a total of 436 patients with AR. Only four studies had adequate data
for quantitative synthesis. The TNSS changes of as-needed INCS were not significantly different from the regular use
at both 4 (SMD 0.23 [95%CI: -0.14 to 0.60], p = 0.230) and 6 weeks (SMD 0.21 [95%CI: -0.02 to 0.44], p = 0.080).
Most of the changes of individual nasal symptom scores and QoL scores were not significantly different between the
two regimens. At 50% or more INCS dose of regular use, as-needed and regular INCS provided a similar efficacy.
The treatment effect was, however, less sustained with as-needed INCS.

Conclusion: The efficacy of as-needed use of INCS at 50% of corticosteroid exposure was comparable to regular use in
improving nasal symptoms and QoL.
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Abbreviations (Continued):

RoB risk of bias

RQLQ Rhinitis Quality of Life Questionnaire

SAR seasonal allergic rhinitis

SD standard deviation

SMD standardized mean difference

TNSS total nasal symptom score
Introduction

Intranasal corticosteroid (INCS) is still the mainstay of
treatment in patients with moderate-to-severe or persistent
allergic rhinitis (AR), and regular use is recommended."?
Nonetheless, real-world evidence shows that the vast majority
of AR patients are not adherent to their medication.’ They
usually stop treatment when they feel better and increase their
treatment when uncontrolled.* Patients sometimes feel relief
despite the absence of INCS use due to the fluctuation of the
amount of allergen in their environment. A few types of INCS
are currently available over the counter in some countries. As
a result, more patients have direct access to medication and
usually use it on demand. This patient behavior was observed
not only in the use of INCS but also in other AR medications.

Two randomized controlled trials (RCTs) have addressed
the efficacy of as-needed use of INCS in treating seasonal AR
(SAR).>¢ They found that as-needed fluticasone propionate
(FP) was more effective than placebo in improving nasal
symptoms. The symptom score changes from baseline in
the as-needed FP group from both studies were 1.5 and
2.02, respectively, exceeding the minimal clinically important
difference (MCID) of 0.55.7 As-needed use of INCS is,
therefore, a statistically and clinically effective treatment
regimen. Although the full treatment effect of INCS takes
up to several days to be achieved, FP was analyzed using 22
RCTs, and it was found that the onset could occur as early as
12 hours after administration.® The mechanism of as-needed
INCS may partially be explained by its effect on preventing
the late phase allergic response and subsequent inflammatory
cell infiltrates alongside repeated allergen exposures.’

There have been a few studies comparing as-needed and
regular use of INCS. Integrated with patient behavior, this
on-demand treatment strategy reflects real-life usage and
is pragmatic to balance adequate symptom control that is
satisfactory for the patient versus the long-term side effects
and healthcare costs. However, the efficacy of as-needed
INCS is not generally well accepted yet."” Thus, we performed
a systematic review and meta-analysis aimed to assess the
clinical efficacy of as-needed INCS compared with its regular
use in treating patients with AR.

Methods
Protocol and registration

We performed a systematic review and pairwise meta-
analysis of RCTs to compare the clinical efficacy between
as-needed and regular use of INCS in treating patients with
AR. The study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement."! We registered the study protocol with
PROSPERO (Registration Number CRD42021246525). Due to
the nature of the study, it was considered exempt from ethics
approval.

Data sources and strategy

We searched electronic medical and scientific databases,
including PubMed/MEDLINE, Scopus, Web of Science,
EMBASE, and Cochrane Central Register of Controlled Trials
(CENTRAL), to identify relevant literature from their incep-
tion dates to May 31, 2021. We used keywords to determine
the appropriate controlled vocabulary terms (e.g., MeSH
headings). Only studies written in English were included.
The authors (C.W., M.S.) reviewed the lists of references from
previously reported studies, systematic reviews, and/or meta-
analyses. Relevant studies identified from these reference lists
that were not included in the previously mentioned database
searches were also included. Duplicate records were removed
using a citation manager and manual review by the authors.

Study selection
Study selection was based on the presence of all of the
following criteria:

1) an RCT study design

2) patients with AR of all ages

3) as-needed use of INCS as the primary intervention
4) regular use of INCS as the control intervention

Exclusion criteria were studies published in languages
other than English. Trials with mixed populations of AR and
non-AR were excluded unless it was possible to retrieve the
required data for the outcomes of AR.

Outcome measures

The primary outcome was the clinical efficacy of INCS
measured using total nasal symptom score (TNSS), includ-
ing nasal congestion, nasal itching, sneezing, and rhinorrhea.
The secondary outcomes were the improvement of individual
nasal symptom score, quality-of-life (QoL) score, nasal
peak inspiratory flow, adverse events, and loss to follow-up.
We focused on the outcomes that were measured at 4 and 6
weeks after randomization. We calculated the changes in the
measured parameters from baseline to be used in the analysis.

Screening

We searched the titles and abstracts of relevant litera-
ture from the pre-specified databases up to May 31, 2021.
An open-source machine learning called ASReview was
used for priority screening.!? ASReview needs five relevant
and five irrelevant inputs to learn and rearrange the records
automatically. Studies by Juniper et al. (1990)," Juniper et al.
(1993),'* Khan et al. (2010),"> Wartna et al. (2017),' and
Thongngarm et al. (2021)"” were used as relevant inputs. Two
investigators (C.W. and T.T.) screened the rearranged records
using ASReview. The screening was stopped after investigators
had screened approximately 50% of the records.

Data collection and extraction

The following information was independently extracted
from each article by two trained investigators (C.W. and T.T.):
study authorship, year of publication, study period, country/
location including environmental and pollution factors,
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language, study design, inclusion and exclusion criteria,
population type (i.e., children and/or adults), patient demo-
graphics, potential effect modifiers (e.g., cumulative dose
of as-needed INCS and type of INCS), sample size, primary
objective, and study conclusion. Summary tables of study
characteristics were tabulated to be used for the assessment
of study eligibility. We contacted the corresponding author
of any study with incomplete outcome data via e-mail
If the authors did not provide any response within 2 weeks,
we repeated the request. If no response was received after the
second attempt, the data were reported as missing or were
imputed as appropriate.

For the primary endpoint (ie., the mean changes in
TNSS) and other continuous endpoints, we extracted the
exact mean change values and their standard deviations (SD)
from each study if they were readily available. If a study did
not directly report the mean change and the SD, we extracted
the crude score (mean and SD) at baseline and the score at
4 and 6 weeks. According to the Cochrane Handbook for
Systematic Reviews of Interventions,'® we used the extracted
figures to calculate the mean change and SD. If the study did
not report the score measured at 4 or 6 weeks, the score within
plus or minus a one-week interval from these 2 points (e.g.,
3 week or 5" week) was used if available. For studies that
reported the trend of TNSS or other continuous scoring
using graphs, we extracted the data from the figures using
Digitizelt program (http://www.digitizeit.de/). For studies
that did not report the SD or any measure of dispersion, the
SD was imputed using the SD from the study with the most
similar design and population.”” For studies that only reported
the median and interquartile range, we employed the methods
proposed by Luo, et al.,® and Wan, et al.* to estimate the
mean and SD of the samples.

Risk-of-bias assessment

Two authors (P.P. and T.T.) independently assessed the
risk of bias of each included study. Any discrepancy in the
quality assessment was discussed with the third author (M.S.).
The methodological quality of each RCT was evaluated
using Risk-of-Bias 2 (RoB2) assessment tools by the Cochrane
collaboration.”? The tool assesses domain-specific quality in
5 aspects: bias arising from the randomization process, bias
due to deviations from intended interventions, bias due to
missing outcome data, bias in measurement of the outcome,
and bias in selection of the reported result. Study quality was
rated qualitatively as “low risk of bias”, “high risk of bias’, or
“some concerns’.

Statistical analysis

All analyses were performed using Stata 17 (StataCorp,
Texas, USA). We used a traditional approach of pairwise
meta-analysis for quantitative synthesis. Heterogeneity of the
included studies was evaluated using the Cochrane’s Q test
and the I-squared statistics (I?). As all included studies were
expected to possess clinical and methodological heteroge-
neity, DerSimonian and Laird random-effects model was
used to pool the estimates. Due to variation in the scoring

components and the scaling of the TNSS, the individual nasal
symptoms score, and the QoL score, we pooled the estimates
from all studies as standardized mean difference (SMD). The
interpretation of SMD in our study was based on the defini-
tion by Cohen.” Treatment effects with an SMD of 0.2, 0.5,
and 0.8 were considered small, medium, and large effects,
respectively. We also examined the temporal changes in the
treatment effects using cumulative meta-analysis. A p-value <
0.05 was considered statistically significant.

Sensitivity and subgroup analysis

In the presence of unacceptably high heterogeneity, the
sources of heterogeneity were identified and appropriately
managed with subgroup analysis and meta-regression.
Potential effect modifiers for subgroup analyses were the
study location, the quality of study according to RoB2, age
group of the patient, type of INCS (i.e., hydrophilic and lipo-
philic INCS), and cumulative dose of INCS. A leave-one-out
sensitivity analysis was performed to examine the robustness
of both the primary and the secondary endpoints. However,
subgroup analysis and meta-regression were performed only
on the primary outcome of interest.

Strength of evidence

We graded the strength of evidence for the synthesized
meta-analytic results by considering the RoB of each study,
inconsistency of results, indirectness of evidence, imprecision,
and reporting bias following the Grading Quality of Evidence
and Strength of Recommendations (GRADE).

Results
Search results and characteristics of included studies

A total of 5,079 records were identified from all databases.
Of these records, 2,472 were duplicates and were removed.
The remaining 2,607 records were imported into ASReview
for machine learning-assisted priority screening. Altogether,
two authors (C.W. and M.S.) screened a total of 1,557 records
(59.7%) of the inputs. Fifteen records were identified as
relevant from ASReview and were sought for retrieval
Three records were excluded as one was a registered protocol,
and full-text articles were not retrievable for the other two.
The remaining 12 studies were assessed for eligibility, and
5 studies with a total of 436 patients with AR were finally
included in the analysis for this systematic review. However,
only 4 studies with a total of 286 patients with AR had
adequate data for quantitative synthesis. The PRISMA 2020
flow diagram is provided in Figure 1.

Characteristics of the included studies, including the
study site, type of AR, intervention assigned, age, sex, dura-
tion of rhinitis, and baseline TNSS are presented in Table 1.
The male-to-female proportion of all studies was 0.52:0.48.
One study was conducted in children. Two studies were
published before 2010 and used hydrophilic INCS, whereas
three were published after 2010 and used lipophilic INCS.
Only Thongngarm, et al. reported the exact value of cumu-
lative INCS dose in each treatment arm, while Juniper, et al.
reported the number of daily puffs in each treatment arm.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram of included and excluded
studies.

Table 1. Characteristics of the included studies.

. Site of Type/duration Type Study . Female | Duration of Baseline
%
Sl i of RCTs of AR | size(n) | (ntervention(n) (%) | rhinitis (y) TNSS
Juniper Double As-needed BDP (30) 4154132 1.3 (estimated
1990 Canada blinded/6 wk SAR 60 45 NR P q
(1990) inded/6 w. Regular BDP (30) 441 +12.8° rom figure)
. As-needed BDP (30) .
1‘1‘;‘;};“ Canada Open/6 wk SAR 60 16-70° 37 NR lf (esgmated
( ) Regular BDP (30) rom figure)
. As-needed MF (29) 37.3¢ 2.87
I;}ST(‘) :a“s.‘ NR/6 wk NR 58 38 6
( ) rabia Regular MF (29) 35.7% 2.9¢
As-needed FP (52)
Wartna Single- Regular FP (50) g s
(2017) Netherlands blinded/12 wk SAR 150 11.6 48 NR 6.4+22
As-needed
levocetirizine (48)
Thongngarm Single- As-needed FF (53)
(2021) Thailand blinded/6 wk PAR 108 30 +8.4° 74 15* 8.2+ 1.6°
AEEHO Regular FF (55)

Notes: *All studies were performed as single-centered studies; “‘median; ‘mean or mean + SD; 'range; AR, allergic rhinitis; BDP, beclomethasone dipropionate; FF,
fluticasone furoate; FP, fluticasone propionate; MF, mometasone furoate; mo, month; n, number; NR, not reported; PAR; perennial allergic rhinitis; SAR; seasonal
allergic rhinitis; TNSS, total nasal symptom score; wk, weeks; y, years
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Risk-of-bias assessment

Based on the Cochrane RoB2, one study was rated with
a high risk of bias, while the other four studies were rated
as some concerns. The study rated as high RoB was due
to suspicion of selective reporting of results. The rest of the
studies were rated as some concerns of RoB in this domain
as no studies had published pre-specified statistical analytic
protocol. All studies were rated low RoB for missing data on
the endpoints. Only one study was rated as low RoB for the
randomization process.

Changes in TNSS from baseline

The clinical efficacy of as-needed use of INCS compared
to regular use in TNSS changes among the 4 included studies
involving 286 patients with AR is illustrated in Figure 2.
The treatment effect of as-needed use of INCS was not
significantly different from regular use in TNSS changes from
baseline at both 4 weeks (SMD 0.23 [95%CI: -0.14 to 0.60];
p = 0.230) and 6 weeks (SMD 0.21 [95%CI: -0.02 to 0.44]; p
= 0.080). However, the trend of changes in TNSS somewhat
favored regular use, especially at 6 weeks after randomization.

A TNSS changes from baseline at 4 weeks

APJAI

There was a moderate amount of heterogeneity in pooling
the TNSS at 4 weeks. The difference in the treatment effect
between as-needed use of INCS and regular use seemed to
decrease as more evidence accumulated over time, especially
for TNSS changes at 4 weeks.

Changes in individual nasal symptom score from baseline
Three studies involving 228 patients with AR were assessed
for clinical efficacy of as-needed use of INCS in improving
individual nasal symptom score, including nasal congestion,
nasal itching, sneezing, and rhinorrhea. For nasal congestion
score changes from baseline, the treatment effect of as-needed
use of INCS was not significantly different from regular use
at 4 weeks (SMD 0.20 [95%CI: -0.06 to 0.47]; p = 0.120).
However, the treatment effect at 6 weeks was significantly
different in favor of regular INCS (SMD 0.28 [95%CI 0.02,
0.54]; p = 0.040) as shown in Figure 3. Overall, the treatment
effect of as-needed use of INCS was not significantly differ-
ent from regular use in nasal itching and rhinorrhea scores at
both 4 and 6 weeks. The results on the sneezing score were
consistent with the findings of the nasal congestion score.

Study As-needed use Regular use SMD Weight
N Mean SD N Mean SD with 95% CI (%)
Juniper (1990) 30 140 092 30 056 1.06 i —i— 0.85[ 032, 1.37] 2295
Juniper (1993) 30 0.99 1.08 30 087 134 —-— 0.10[ -0.41, 0.60] 23.85
Khan (2010) 29 -285 299 29 -285 3.05 —.— 0.00[ -0.51, 0.51] 23.50
Thongngarm (2021) 53  -412 299 55 -421 3.05 —.— 0.03[ -0.35, 0.41] 29.71
Overall +o 0.23[ -0.14, 0.60]
Heterogeneity: 2= 0.08, |2 = 58.72%, H> = 2.42 i
Testof 6= 6:Q(3) = 7.27, p = 0.06
Testof 06=0:2=1.20,p=0.23 !
Random-effects DerSimonian-Laird model -1I.5 -1I.0 -0I.5 6 0i5 150 1i5
+— —>
Favor Favor
) As-needed use Regular use
B TNSS changes from baseline at 6 weeks
Study As-needed use Regular use SMD Weight
N Mean SD N Mean SD with 95% CI (%)
Juniper (1990) 30 1.40 0.99 30 0.01 0.94 —E—.— 0.37[ -0.14, 0.88] 20.83
Juniper (1993) 30 099 091 30 -039 1.06 —i— -0.02[ -0.53, 0491 21.19
Khan (2010) 29 -285 332 29 -285 335 + 0.00[ -0.51, 0.51] 20.48
Thongngarm (2021) 53  -3.11 3.32 55 -432 335 E—.— 0.36[ -0.02, 0.74] 37.51
Overall > 021[ -0.02, 0.44]
Heterogeneity: 2= 0.00, I2 = 0.00%, H2 = 1.00 i
Test of 6, = 0: Q(3) = 245, p = 0.49
Testof 06=0:2=1.76, p = 0.08 !
Random-effects DerSimonian-Laird model -1I.5 -1I.O -OI.S (IJ 015 1r0 115
+— —>
Favor Favor
As-needed use Regular use

Figure 2. Forest plot showing results of pairwise meta-analysis of randomized controlled trials examining the comparative
efficacy of as-needed versus regular intranasal corticosteroid: A, total nasal symptom score changes from baseline at 4 weeks
and B, total nasal symptom score changes from baseline at 6 weeks.
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A Nasal congestion score changes from baseline at 4 weeks

Study As-needed use Regular use ] SMD Weight
N Mean SD N Mean SD with 95% CI (%)
Juniper (1990) 30 1.40 0.59 30 0.07 0.57 i—.— 048[ -0.03, 1.00] 25.80
Juniper (1993) 30 099 0.52 30 0.11  0.77 + 0.12[ -0.38, 0.63] 26.50
Thongngarm (2021) 53 -1.08 1.00 55 -1.18 1.00 —.— 0.10[ -0.28, 0481 47.71
Overall > 0.20[ -0.06, 0.47]
Heterogeneity: 2= 0.00, I> = 0.00%, H> = 1.00 i
Test of 6, =6;:Q(2) = 1.52,p =047
Testof 06=0:z2=1.54,p=0.12 1
Random-effects DerSimonian-Laird model —1I.5 —1I.O —0I.5 O 015 110 1i5
«— ——»
Favor Favor

. N As-needed use Regular use
B Nasal congestion score changes from baseline at 6 weeks

Study As-needed use Regular use ) SMD Weight
N Mean SD N Mean SD with 95% CI (%)
Juniper (1990) 30 1.40 0.58 30 -0.12 051 —i.— 0.27[ -0.23, 0.78]1 26.38
Juniper (1993) 30 0.99 043 30 -0.15 0.63 —-— 0.07[ -0.43, 0.58] 26.61
Thongngarm (2021) 53 -0.79 1.07 55 -1.22 1.11 E—.— 0.39[ 0.01, 0.78] 47.01
Overall o 028[ 0.02, 0.54]

Heterogeneity: T2= 0.00, I> = 0.00%, H* = 1.00
Test of 6, = 6:Q(2) =0.98, p=0.61
Test of 0 =0:z=2.08, p=0.04

[ [

Random-effects DerSimonian-Laird model -1.5 -1.0 -0.5 0.5 1.0 1.5
e
Favor Favor

As-needed use Regular use

Figure 3. Forest plot showing the pairwise meta-analysis of randomized controlled trials examining the comparative efficacy
of as-needed versus regular intranasal corticosteroid: A, nasal congestion score changes from baseline at 4 weeks and B,
nasal congestion score changes from baseline at 6 weeks.

A QOL score changes from baseline at 4 weeks

Study As-needed use Regular use SMD Weight
N Mean SD N Mean SD with 95% CI (%)
Juniper (1990) 30 140 235 30 -087 1.70 : —l— 148[ 091, 205] 3225
Juniper (1993) 30 0.99 3.06 30 3.16 279 —.—i— -0.33[ -0.84, 0.18]  33.09
Thongngarm (2021) 53 -29.80 17.78 55 -35.70 18.13 'E‘.— 0.33[ -0.05, 0.71] 34.67
Overall ——— 0.48[ -0.43, 1401

Heterogeneity: 2= 0.59, I> = 90.76%, H> = 10.83 i

Test of 6, = 6;: Q(2) = 21.66, p = 0.00

Testof 06=0:2=1.03, p=0.30 H

Randome-effects DerSimonian-Laird model —1I.5—1I.0—0I.5 CI) 015 110 1i5
<—

Favor Favor
. As-needed use Regular use
B QOL score changes from baseline at 6 weeks
Study As-needed use Regular use ) SMD Weight

N Mean SD N Mean SD with 95% ClI (%)
Juniper (1990) 30 140 279 30 -246 1.68 E —l— 0.79[ 0.26, 1.31] 32.87
Juniper (1993) 30 099 222 30 -1.28 215 —l— i -1.09[ -1.63,-0.55] 32.67
Thongngarm (2021) 53 -32.60 23.40 55 -36.60 23.49 —_— 0.17[ -0.21, 0.55] 34.46
Overall —— -0.04[ -1.01, 093]

Heterogeneity: 2= 0.68, I> = 91.95%, H? = 12.42
Test of 0, = ej: Q(2) =24.85,p=0.00
Test of 6 =0:2=-0.08, p = 0.94

O -

Randome-effects DerSimonian-Laird model -1.5-1.0-0.5 0.5 1.0 15
“«— — >
Favor Favor

As-needed use Regular use

Figure 4. Forest plot showing results of pairwise meta-analysis of randomized controlled trials examining the comparative
efficacy of as-needed versus regular intranasal corticosteroid: A, quality-of-life score changes from baseline at 4 weeks and
B, quality-of-life score changes from baseline at 6 weeks.
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Figure 5. Bubble plot with fitted linear prediction line of the association between the ratio of cumulative intranasal cortico-
steroid dose and the standardized mean difference of total nasal symptom score changes from baseline at 4 weeks between
as-needed intranasal corticosteroid and regular intranasal corticosteroid. Circle markers are sized according to the weights

of each study.

Changes in QoL score from baseline

We used the data from three studies to assess the efficacy
of as-needed use of INCS compared to the regular use in
improving the overall QoL. The two studies by Juniper, et
al. used Rhinitis Quality of Life Questionnaire (RQLQ)
as measures for QoL whereas Thongngarm, et al. used
Rhinoconjunctivitis Quality of Life-36 questionnaire (RCQ-
36). The pooled treatment effect of as-needed use of INCS was
not significantly different from the regular use in QoL score
changes at both 4 weeks (SMD 0.48 [95%CI: -0.43 to 1.40],
p = 0.300) and 6 weeks (SMD - 0.04 [95%CI: -1.01 to 0.47],
p = 0.930) as shown in Figure 4. However, there was highly
significant heterogeneity for both syntheses.

Subgroup and sensitivity analyses

Heterogeneity was observed in the pooling of primary
endpoint, and we then performed subgroup analyses to iden-
tify the sources of heterogeneity. Based on the available data,
we were able to address only three out of six pre-specified
effect modifiers, which were studies published before/after
2010, type of INCS, and cumulative dose of INCS. As two
studies using hydrophilic INCS were published before 2010,
and the other two using lipophilic INCS were published after
2010, only one subgroup analysis was performed. The treat-
ment effect of as-needed use of INCS was not significantly
different from the regular use in both subgroups, p = 0.270
and 0.850 at 4 weeks and 6 weeks, respectively. The difference
in treatment effect between the two treatment arms at 4 weeks
seemed to be minimal when lipophilic INCS was used.

We examined the effect of cumulative INCS dose ratio
on the SMD of TNSS changes from baseline at 4 weeks
through an exploratory meta-regression. We found a signif-
icant association between the cumulative INCS dose ratio
and the difference in treatment effect between as-needed
use of INCS and regular use (p = 0.015). In other words,

the greater the difference in cumulative INCS dose between
as-needed use and regular use was, the larger the treatment
effect was in favor of regular use. A bubble plot visualizing the
trend of association is presented in Figure 5.

A leave-one-out sensitivity analysis was performed to
examine the robustness of our primary results. No study
substantially influenced the overall treatment effect for TNSS
changes from baseline at 4 and 6 weeks. However, when
either the study by Juniper, et al. (1993) or Khan, et al. (2010)
was excluded, the conclusion on the difference of treatment
effect at 6 weeks changed. Most of the sensitivity analysis
results were consistent with the overall results except for nasal
congestion score and sneezing score changes from baseline at
6 weeks. We did not formally evaluate publication bias as the
number of studies included was too few.

Discussion

This systematic review and meta-analysis revealed that
as-needed INCS did not result in significantly different treat-
ment outcomes and QoL compared to regular use in patients
with AR. Thus, as-needed use has the potential to decrease
the cumulative dose of INCS during treatment substantially.
However, there was a trend favoring regular use of INCS in
improving nasal symptoms at week 6, suggesting a more
sustained effect.

Five RCTs addressed the efficacy of as-needed INCS
compared with regular use. One study was conducted in chil-
dren, while the rest were performed in adults. Three studies
involved patients with SAR, one involved those with PAR,
and one did not report the type of AR. Studies before 2010
yielded high heterogeneity. After that, the others were quite
consistent; as a result, the overall heterogeneity did exist.
Besides Juniper, et al’s study in 1990, the rest of recruited
studies showed that as-needed INCS is as effective as
regular use in improving TNSS.*' The result discrepancy
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could be explained by a few reasons. First, patients in the
as-needed group in Thongngarm, et al’s and Khan, et al’s
studies were assigned to use regular INCS during the first
week, followed by as-needed use for the rest of the study
duration. This one-week INCS use was probably crucial to
ensure the treatment effect as previous evidence showed that
even a 48-hour pretreatment with INCS was able to inhibit
allergen-induced nasal hyperreactivity.’ Nevertheless, in
Wartna, et al’s and Juniper, et al’s study in 1993, although
subjects were initially assigned to use INCS as-needed, their
symptom improvement remained comparable to regular use.
The results suggest that INCS used as-needed right after
symptoms occur had some treatment effect” Second, the
types of INCS are different among studies. Beclomethasone
dipropionate (BDP) was used in both of Juniper, et al’s
studies, while fluticasone furoate (FF), FP, and mometasone
furoate (MF) were used in Thongngarm, et al’s, Wartna, et
al’s, and Khan, et al’s studies, respectively. Due to the better
pharmacological profiles, the newer lipophilic INCS,
including FE, FP, and MF, may be more efficacious than
BDP even when used as-needed.* This speculative reason
needs more studies to compare the efficacy among different
INCS when used as-needed since no evidence supports the
greater effectiveness of one agent over another”® Although
most studies yielded comparable efficacy of both INCS-used
regimens, there was a trend towards regular use having a
more sustained effect."*>"” Of note, improvement in QoL
alongside TNSS was not significantly different between the two
regimens.'*"’

Another factor potentially affecting the efficacy of INCS
when used as-needed is its cumulative dose. The amount of
INCS to represent as-needed use has never been studied
except for the cumulative dose of 75% or less as a cut-off
established by Dykewicz, et al.° The average cumulative dose
of as-needed INCS in Thongngarm, et al’s, Wartna, et al’,
and Juniper, et al’s study in 1993 were 51%, 28%, and 39%,
respectively, with efficacy comparable in both regimens while
Juniper, et al’s study in 1990 was 13% with results favoring
regular use.!>'*!%17 As expected, the amount of INCS positively
correlated with the improvement of TNSS.* Based on our
exploratory meta-regression, we found that as-needed use
at the 50% or more cumulative INCS dose of regular use
may result in comparable efficacy to the regular regimen
supporting the findings from Thongngarm’s study. Of note,
the protocols in most of the RCTs for INCS use in the regular
group did not allow for lowering of the dose when symptoms
were well controlled, so the regular group may have done well
with a lower dose while the apparent proportion of INCS use
compared to regular use was thus likely overestimated. We
suggest that comparing as-needed to regular use may reveal
an even lower apparent proportion of INCS use in real-life
clinical practice that would reflect that as-needed use is even
more practical and effective in the real-life use, in which the
patient is allowed to lower their dose.

Given its sustained treatment effect, the regular use of
INCS should be encouraged for at least 2-4 weeks? until
symptoms are well controlled to ensure maximum efficacy
and minimize imperceptible residual inflammation,? thereby
reducing the risk of a flare-up. In patients who are well

controlled with regular INCS, the next generation
Allergic Rhinitis and its Impact on Asthma (ARIA) guideline
recommends step-down treatment to an antihistamine.'
However, the MASK study” demonstrated that the treatment
adherence in AR patients was low, so some patients using
as-needed antihistamines may experience a symptom flare-
up. Interestingly, Kaszuba, et al.*® reported that as-needed
INCS was more effective than as-needed oral antihistamine.
Therefore, carefully stepping-down treatment from regular
to as-needed INCS could bridge the gap between the INCS
and antihistamine treatment steps. Additional advantages
of as-needed INCS for AR comprise 1) considerably less
corticosteroid exposure that reduces long-term adverse
effects” and 2) titrating the treatment regimen to the
patients preferred behavior, possibly enhancing their
adherence to and acceptability of the treatment. The only
concern would be the risk of breakthrough symptoms in
some patients. However, choosing an INCS with a relatively
rapid onset of action, establishing a written action plan,
coaching patients to use INCS right after symptoms occur,
and following-up regularly should minimize this drawback.
Taking the present study’s findings and those of the MASK
study” together, developing an on-demand treatment
concept is a fundamental patient-centered approach to
balance acceptable symptom control, long-term side effects,
and the cost. This approach is similar to as-needed inhaled
budesonide-formoterol in patients with asthma in step 1-2
GINA guidelines.*> Taking the concept of using as-needed
budesonide-formoterol for mild asthma to the ARIA
guideline,! using as-needed combined INCS/intranasal anti-
histamine (INAH) in a single bottle for treating allergic
rhinitis becomes of interest as its efficacy may be similar to
regular INCS. Further studies comparing the efficacy among
treatment regimens, including as-needed INCS, as-needed
INCS/INAH and regular INCS, to prove our hypothesis are
essential. Studies on biomarkers to guide the dose adjustment
with the as-needed use of intranasal medication to minimize
subtle inflammation are also required.

The strength of this study is in the use of data sources
from RCTs specifically designed to answer the research
question regarding the comparative efficacy of as-needed
and regular use of INCS. This minimized the magnitude of
selection bias and strengthened the internal validity of the
pooled estimates. Most of the pooled results were consistent
and medically plausible. The likelihood of missing out on
eligible studies was low through an extensive searching
strategy and priority searching with machine learning.
Furthermore, this systematic review and meta-analysis is
the first to evaluate the clinical efficacy of as-needed use of
INCS compared with regular use in patients with AR to date.
However, this study also has several limitations. First, the total
number of studies included for evidence synthesis was small.
Second, there was substantial clinical and methodological
heterogeneity among the five included studies, for instance,
the types and severity of AR. The AR severity usually varies
considerably among individuals and fluctuates over time,
potentially affecting the treatment response. To address
this issue, a random-effects model was used for pooling
the outcomes. Moreover, pre-specified subgroup analysis

202



As-needed intranasal corticosteroid / =N
APJAI

and meta-regression were also performed. Third, the meta-
regression result reported in this study should be perceived
as exploratory as the number of the included studies was
less than 10, which was inadequate according to the latest
Cochrane Handbook.'® However, there was still contra-
dicting evidence that a lower number of observations per
included covariates might be sufficient.”® Fourth, most of the
data used for quantitative synthesis were not readily available
and needed to be extracted from graphs, which might be
a threat to the internal validity of the present study. For
this reason, we strictly followed the standard guidelines for
data extraction and imputation of missing values. Fifth, all
continuous outcomes, including TNSS, were pooled as
SMD, which might not be simple to interpret.** Moreover,
the SMD was heavily influenced by the size of the SD of the
outcomes in each study. Thus, the pooled SMD could be
over- or underestimated easily. However, based on the results
of a leave-one-out meta-analysis, our pooled estimates were
not substantially influenced by any single study for both the
primary and the secondary endpoints at 4 weeks. Finally,
all included studies had RoB issues. Most were rated as
some concern, and one was rated as high risk. The quality
of the pooled evidence can only be as good as the quality of
data used for syntheses. Leave-one-out sensitivity analysis
by excluding studies with high risk of bias (Juniper, et al.,
1993) still showed consistent results for all endpoints at 4
weeks.

In conclusion, as-needed INCS with substantially less
corticosteroid exposure was similar to the regular use in
improving nasal symptoms and QoL in patients with AR.
However, there may be an unpredictable minority who
experience breakthrough symptoms due to less sustained
treatment effects. Therefore, regular use of INCS should
be encouraged until patients are well controlled, and then
as-needed INCS could be an alternative step-down option.

Acknowledgments

This study was partially supported by the Faculty of
Medicine, Chiang Mai University, and the Faculty of Medicine
Siriraj Hospital, Mahidol University. We thank Dr Anthony
Tan for editing the English language in the manuscript.

Conlflict of interests
The authors have no conflicts of interest to declare that are
relevant to the content of this article.

Funding

No funding has been received for this manuscript.

Author contributions

All authors made a significant contribution to the work
reported, whether that is in the conception, study design,
execution, acquisition of data, analysis, and interpretation, or
in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be
published; have agreed on the journal to which the article has
been submitted; and agreed to be accountable for all aspects
of the work.

Ethics approval
Ethics approval was considered exempt due to the nature
of systematic review and meta-analysis.

References

1. Bousquet J, Schunemann HJ, Togias A, Bachert C, Erhola M,
Hellings PW, et al. Next-generation Allergic Rhinitis and Its Impact
on Asthma (ARIA) guidelines for allergic rhinitis based on Grading of
Recommendations Assessment, Development and Evaluation (GRADE)
and real-world evidence. J Allergy Clin Immunol. 2020;145(1):70-80 e3.

2. Dykewicz MS, Wallace DV, Amrol DJ, Baroody FM, Bernstein JA, Craig
TJ, et al. Rhinitis 2020: A practice parameter update. J Allergy Clin
Immunol. 2020;146(4):721-67.

3. Bedard A, Basagana X, Anto JM, Garcia-Aymerich J, Devillier P,
Arnavielhe S, et al. Mobile technology offers novel insights into the
control and treatment of allergic rhinitis: The MASK study. ] Allergy Clin
Immunol. 2019;144(1):135-43 e6.

4. Bousquet J, Devillier P, Arnavielhe S, Bedbrook A, Alexis-Alexandre G,
van Eerd M, et al. Treatment of allergic rhinitis using mobile technology
with real-world data: The MASK observational pilot study. Allergy. 2018;
73(9):1763-74.

5. Jen A, Baroody E de Tineo M, Haney L, Blair C, Naclerio R. As-needed
use of fluticasone propionate nasal spray reduces symptoms of seasonal
allergic rhinitis. ] Allergy Clin Immunol. 2000;105(4):732-8.

6. Dykewicz MS, Kaiser HB, Nathan RA, Goode-Sellers S, Cook CK,
Witham LA, et al. Fluticasone propionate aqueous nasal spray improves
nasal symptoms of seasonal allergic rhinitis when used as needed (prn).
Ann Allergy Asthma Immunol. 2003;91(1):44-8.

7. Barnes ML, Vaidyanathan S, Williamson PA, Lipworth BJ. The
minimal clinically important difference in allergic rhinitis. Clin Exp
Allergy. 2010;40(2):242-50.

8. Meltzer EO, Rickard KA, Westlund RE, Cook CK. Onset of therapeutic
effect of fluticasone propionate aqueous nasal spray. Ann Allergy Asthma
Immunol. 2001;86(3):286-91.

9. Andersson M, Andersson P, Pipkorn U. Topical glucocorticosteroids

and allergen-induced increase in nasal reactivity: relationship between

treatment time and inhibitory effect. J Allergy Clin Immunol. 1988;

82(6):1019-26.

Bousquet J, Klimek L, Kuna P, Mullol J, Toppila-Salmi S. The Debate:

Regular Versus As-Needed Use of Intranasal Corticosteroids for a

Patient-Centered Approach. J Allergy Clin Immunol Pract. 2021;9(3):

1374-5.

Page M]J, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,

Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for

reporting systematic reviews. BMJ. 2021;372:n71.

van de Schoot R, de Bruin ], Schram R, Zahedi P, de Boer J, Weijdema

E et al. An open source machine learning framework for efficient and

transparent systematic reviews. Nat Mach Intell. 2021;3:125-33.

Juniper EE Guyatt GH, OByrne PM, Viveiros M. Aqueous

beclomethasone diproprionate nasal spray: regular versus “as required”

use in the treatment of seasonal allergic rhinitis. ] Allergy Clin Immunol.

1990;86(3 Pt 1):380-6.

Juniper EE, Guyatt GH, Archer B, Ferrie PJ. Aqueous beclomethasone

dipropionate in the treatment of ragweed pollen-induced rhinitis:

further exploration of “as needed” use. J Allergy Clin Immunol. 1993;

92(1 Pt 1):66-72.

Khan MA, Abou-Halawa AS, Al-Robaee AA, Alzolibani AA, Al-Shobaili

HA. Daily versus self-adjusted dosing of topical mometasone furoate

nasal spray in patients with allergic rhinitis: randomised, controlled trial.

J Laryngol Otol. 2010;124(4):397-401.

Wartna JB, Bohnen AM, Elshout G, Pijnenburg MW, Pols DH, Gerth

van Wijk RR, et al. Symptomatic treatment of pollen-related allergic

rhinoconjunctivitis in children: randomized controlled trial. Allergy.
2017;72(4):636-44.

Thongngarm T, Wongsa C, Phinyo P, Assanasen P, Tantilipikorn P,

Sompornrattanaphan M. As-Needed Versus Regular Use of Fluticasone

Furoate Nasal Spray in Patients with Moderate to Severe, Persistent,

Perennial Allergic Rhinitis: A Randomized Controlled Trial. J Allergy

Clin Immunol Pract. 2021;9(3):1365-73 ¢6.

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page M], et al,

editors. Cochrane handbook for systematic reviews of interventions. 2™

ed. Chichester: Wiley; 2019.

10.

11.

12.

13.

14.

15.

16.

17.

18.

203



/‘ Asian Pac ] Allergy Immunol 2022;40:195-204 DOI 10.12932/AP-091121-1269

APJAI

19.

20.

21.

22.

23.

24.

25.

26.

27.

Furukawa TA, Barbui C, Cipriani A, Brambilla P, Watanabe N. Imputing
missing standard deviations in meta-analyses can provide accurate
results. ] Clin Epidemiol. 2006;59(1):7-10.

Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean
from the sample size, median, mid-range, and/or mid-quartile range. Stat
Methods Med Res. 2018;27(6):1785-805.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and
standard deviation from the sample size, median, range and/or
interquartile range. BMC Med Res Methodol. 2014;14:135.

Sterne JAC, Savovic ], Page MJ, Elbers RG, Blencowe NS, Boutron I, et al.
RoB 2: a revised tool for assessing risk of bias in randomised trials. BM]J.
2019;366:14898.

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2™ ed.
New York: Routledge; 1988.

Derendorf H, Meltzer EO. Molecular and clinical pharmacology of
intranasal corticosteroids: clinical and therapeutic implications. Allergy.
2008;63(10):1292-300.

Waddell AN, Patel SK, Toma AG, Maw AR. Intranasal steroid sprays in
the treatment of rhinitis: is one better than another? J Laryngol Otol.
2003;117(11):843-5.

Kirtsreesakul V, Chansaksung P, Ruttanaphol S. Dose-related effect of
intranasal corticosteroids on treatment outcome of persistent allergic
rhinitis. Otolaryngol Head Neck Surg. 2008;139(4):565-9.

Zhu R, Wang J, Wu Y, Yang Y, Huang N, Yang Y, et al. The Allergic
Rhinitis Control Test Questionnaire Is Valuable in Guiding Step-Down
Pharmacotherapy Treatment of Allergic Rhinitis. ] Allergy Clin Immunol
Pract. 2019;7(1):272-8.

28.

29.

30.

31.

32.

33.

34.

Passalacqua G, Ciprandi G, Canonica GW. The nose-lung interaction in
allergic rhinitis and asthma: united airways disease. Curr Opin Allergy
Clin Immunol. 2001;1(1):7-13.

Menditto E, Costa E, Midao L, Bosnic-Anticevich S, Novellino E,
Bialek S, et al. Adherence to treatment in allergic rhinitis using mobile
technology. The MASK Study. Clin Exp Allergy. 2019;49(4):442-60.
Kaszuba SM, Baroody FM, deTineo M, Haney L, Blair C, Naclerio
RM. Superiority of an intranasal corticosteroid compared with an oral
antihistamine in the as-needed treatment of seasonal allergic rhinitis.
Arch Intern Med. 2001;161(21):2581-7.

Lee LA, Sterling R, Maspero ], Clements D, Ellsworth A, Pedersen S.
Growth velocity reduced with once-daily fluticasone furoate nasal spray
in prepubescent children with perennial allergic rhinitis. ] Allergy Clin
Immunol Pract. 2014;2(4):421-7.

Global Initiative for Asthma [Internet]. Global Initiative for Asthma;
c2021 [cited 2021 Nov 12]. Global strategy for asthma management
and prevention. Updated 2021; [about 1 screen]. Available from:
https://ginasthma.org.

Austin PC, Steyerberg EW. The number of subjects per variable required
in linear regression analyses. ] Clin Epidemiol. 2015;68(6):627-36.

Fern EF, Monroe KB. Effect-Size Estimates: Issues and Problems in
Interpretation. ] Consum Res. 1996;23:89-105.

204



