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Abstract. There is insufficient evidence 
regarding the comparative efficacy and 
safety of pharmacological treatments of al-
lergic rhinitis (AR). In the context of inform-
ing the 2024 revision of the Allergic Rhinitis 
and its Impact on Asthma (ARIA) guidelines, 
we plan to perform three systematic reviews 
of randomized controlled trials (RCTs) com-
paring the desirable and undesirable effects 
(i) between intranasal and oral medications 
for AR; (ii) between combinations of intra-
nasal and oral medications versus nasal or 
oral medications alone; and (iii) among dif-
ferent intranasal specific medications. We 
will search four electronic bibliographic da-
tabases and three clinical trials databases 
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for RCTs examining patients ≥ 12 years old 
with seasonal or perennial AR. Assessed out-
comes will include the Total Nasal Symptom 
Score, the Total Ocular Symptom Score, and 
the Rhinoconjunctivitis Quality-of-Life Ques-
tionnaire. We will assess the methodological 
quality of included primary studies by using 
the Cochrane risk-of-bias tool. If appropri-
ate, we will perform a pairwise random-ef-
fects meta-analysis for each pair of assessed 
medication classes and outcomes, as well as 
a network meta-analysis to assess the com-
parative efficacy of intranasal medications 
among each other. Heterogeneity will be ex-
plored by sensitivity and subgroup analyses. 
This set of systematic reviews will allow for a 
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comprehensive assessment of the effective-
ness and safety of pharmacological interven-
tions for AR and inform recommendations in 
the context of the ARIA guidelines.

Introduction
Allergic rhinitis (AR) is a highly prevalent 

disease that poses a significant burden for 
society as it may lead to reduced quality of 
life as well as impaired academic and work 
productivity [1, 2, 3, 4]. The current mainstay 
of pharmacological interventions for AR in-
cludes intranasal corticosteroids, intranasal 
antihistamines, fixed combinations of corti-
costeroids and antihistamines, oral antihista-
mines, or leukotriene receptor antagonists. 
The 2016 revision of the Allergic Rhinitis and 
its Impact on Asthma (ARIA) guidelines ad-
dressed the pharmacological treatment of 
AR [5]. However, for many cases, the level of 
evidence was reported to be “low” or “very 
low” [5]. This was partly due to insufficient 
evidence regarding several aspects of the 
pharmacological treatment of AR, such as 
whether effectiveness differences may exist 
(i) between intranasal and oral medications, 
(ii) between combined intranasal and oral 
medications versus oral medications alone, 
and (iii) among different intranasal specific 
medications. Indeed, while there have been 
previous systematic reviews attempting to 
answer these questions, they have impor-
tant limitations. Three recent systematic re-
views assessed the combination of intrana-
sal corticosteroids and oral antihistamines 
versus intranasal corticosteroids alone, but 
the effectiveness of these combinations 
versus oral antihistamines alone was not as-
sessed [6, 7, 8]. In addition, two of these sys-
tematic reviews restricted the search to two 
electronic databases and failed to search 
gray literature [6, 8]; while the other (i) did 
not include studies published in journals not 
indexed in the Scientific Citation Index, (ii) 
did not incorporate a comprehensive range 
of variations, and (iii) failed to use validated 
search filters in their search strategy, poten-
tially impacting the comprehensiveness of 
the surveyed literature [7]. One systematic 
review assessed the comparison between 
intranasal and oral medications but limited 
their search to articles published after 2003 
and excluded studies based on language [9]. 
Finally, to the best of our knowledge, there 

are no systematic reviews assessing the di-
rect comparison of different formulations of 
intranasal medications.

In the context of developing the 2024 
revision of the ARIA guidelines (focusing on 
the pharmacological treatment and man-
agement of AR), and considering the afore-
mentioned literature gaps, we identified the 
need for conducting three systematic re-
views to adequately assess the desirable and 
undesirable effects of the pharmacological 
treatments of AR. Specifically, we will per-
form systematic reviews with meta-analyses 
comparing the effectiveness (i) between in-
tranasal and oral medications for AR; (ii) be-
tween combined intranasal and oral medica-
tions versus nasal or oral medications alone; 
and (iii) among different intranasal specific 
medications. These systematic reviews will 
complement a fourth one conducted by our 
team and whose protocol has already been 
published [10].

Materials and methods

We will perform three systematic re-
views of randomized controlled trials (RCTs) 
in patients with AR, comparing the effective-
ness of:

–– Systematic review #1: AR intranasal ver-
sus oral medications (PROSPERO regis-
tration number: CRD42023495296);

–– Systematic review #2: combination of AR 
intranasal and oral medications versus na-
sal or oral medications alone (PROSPERO 
registration number: CRD42023495354);

–– Systematic review #3: intranasal cortico-
steroids, intranasal antihistamines, and 
intranasal fixed combinations of corti-
costeroids + antihistamines (PROSPERO 
registration number: CRD42023495363).

Combination between oral antihista-
mines and oral or nasal decongestants will 
not be studied in these systematic reviews, 
due to emerging recommendations against 
their use [11].

These systematic reviews will follow 
the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 
guidelines [12] for systematic reviews #1 
and #2, and the PRISMA extension for net-
work meta-analyses (PRISMA-NMA) [13] for 
systematic review #3.citation
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Eligibility criteria

For all of the systematic reviews, we will 
include RCTs with a parallel design assessing 
patients ≥ 12 years old with seasonal or pe-
rennial AR with results on at least one of the 
following patient-reported outcome mea-
sures: Total Nasal Symptom Score (TNSS), 
Total Ocular Symptom Score (TOSS), Total 
Symptom Score (TSS), or Rhinoconjuncti-
vitis Quality of Life Questionnaire (RQLQ). 
We define the TNSS as any score computed 
based on the sum of several patient-report-
ed scores for individual nasal symptoms, and 
the TOSS as any score computed based on 
the sum of several patient-reported scores 
for individual ocular symptoms. Accordingly, 
we define the TSS as the combination of dif-
ferent types of rhinitis symptoms (e.g., nasal, 
ocular and/or other symptoms). This may be 
especially important as studies may use dif-
ferent definitions for the TNSS, TOSS, or TSS 
(e.g., many antihistamine trials consider the 
TNSS as the sum of three nasal symptoms 
and do not include congestion, as opposed 
to other trials). We will consider the TNSS, 
TOSS, and TSS assessed in a reflective man-
ner; that is, reflecting patients’ symptoms 
in the previous 12 or 24 hours. Considering 
Food and Drug Administration recommen-
dations [14], we will only include RCTs with 
a follow-up period of at least 2 weeks if as-
sessing patients with seasonal AR or at least 
4 weeks if assessing patients with perennial 
AR.

We will categorize medications as fol-
lows, clustering them by means of adminis-
tration:

–– Intranasal medications: We will consider 
intranasal corticosteroids (beclometha-
sone, budesonide, ciclesonide, flutica-
sone furoate, fluticasone propionate, 
mometasone furoate, and triamcino-
lone), intranasal antihistamines (azelas-
tine, levocabastine, and olopatadine), 
and fixed combinations of intranasal 
corticosteroids + antihistamines (azelas-
tine–fluticasone and olopatadine–mo-
metasone).

–– Oral medications: We will consider oral 
antihistamines (astemizole, azelastine, 
bilastine, cetirizine, chlorpheniramine, 
cyproheptadine, clemastine, deslorata-
dine, dexchlorpheniramine, dimetindene, 
diphenhydramine, ebastine, epinastine, 

fexofenadine, hydroxyzine, levocabastine, 
levocetirizine, loratadine, promethazine, 
and terfenadine) and oral leukotriene 
receptor antagonists (montelukast and 
zafirlukast).

The interventions and comparators to 
be considered will differ depending on the 
systematic review: for systematic review #1, 
we will consider primary studies assessing 
both intranasal and oral medications; for 
systematic review #2, we will include prima-
ry studies assessing both the combination 
of intranasal and oral medications and oral 
medications or nasal medications alone; for 
systematic review #3, we will consider solely 
studies assessing intranasal medications 
(performing direct comparisons of intrana-
sal medications or intranasal medications 
versus placebo).

We will not exclude studies based on 
publication language, date, or status (i.e., 
we will include relevant studies irrespec-
tive of whether they were published as full 
papers, conference abstracts, clinical trials 
registries, or others).

Information sources and search 
strategy

We will search studies for the three sys-
tematic reviews using a search strategy de-
signed for a previous systematic review [10], 
conducted by our team. We will search bib-
liographic databases (MEDLINE and Embase 
via Ovid, Web of Science, and the Cochrane 
Central Register of Controlled Trials) in addi-
tion to manually searching the clinicaltrials.
gov, the GSK clinical study dataset, and the 
AstraZeneca Clinical Trials Website in order 
to identify potentially unpublished trials. 
Content experts within the ARIA guidelines 
development group will be asked to check 
the final list of included studies for com-
pleteness.

Study selection and data collection

Each record will be independently re-
viewed in pairs, first by title and abstract 
screening, then by assessing the full-text 
for eligibility. Any non-excluded record will 
be assessed to determine whether multiple 
publications originated from the same study. 
Data from each included primary study will citation
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be independently extracted by two review-
ers using a dedicated online form. From each 
study, in addition to identifying information, 
we will retrieve data on (i) the assessed dis-
ease (seasonal or perennial AR; for studies 
assessing both patients with seasonal and 
perennial AR, we will retrieve data separate-
ly for these conditions), (ii) the participants’ 
eligibility criteria, (iii) the data collection 
period, (iv) the places from where patients 
were recruited, (v) the follow-up period, 
(vi) the assessed medications, (vii) the total 
daily dose of medications, (viii) the number 
of randomized participants, (ix) the number 
of participants completing the study, (x) the 
participants’ age and sex distribution, and 
(xi) the assessed outcomes. For each desir-
able effects outcome (TNSS, TOSS, TSS, and/
or RQLQ), we will retrieve (i) information on 
the scale and computation methods, as well 
as (ii) baseline values and post-intervention 
and/or change from baseline values. Infor-
mation on undesirable outcomes will also 
be retrieved, namely on the frequency of pa-
tients (i) developing at least 1 adverse event 
(AE) (as defined by the authors), (ii) develop-
ing at least 1 serious AE, and (iii) discontinu-
ing treatment due to AE. Whenever results 
are only provided in graphical form (rather 
than numerical data in text form), estimates 
will be obtained using the PlotDigitizer tool. 
Disagreements between reviewers in data 
selection or extraction will be resolved by 
consensus or by a third reviewer. We will 
contact the authors of included primary 
studies whenever further information is re-
quired. Data from multiple reports of the 
same study will be combined to ensure com-
prehensiveness, while, if a report provides 
information on multiple studies, the latter 
will be considered independently.

Risk of bias and critical appraisal 
of the evidence

The risk of bias of each included primary 
study will be independently assessed at an 
outcome level by two reviewers using the 
Cochrane risk-of-bias tool [15]. Disagree-
ments will be resolved by consensus or by a 
third reviewer.

Certainty in the body of evidence for the 
different outcomes will be assessed using 
the GRADE approach [16] or, for the net-

work meta-analysis, the modified GRADE 
approach for network meta-analysis. In both 
cases, for the assessment of inconsistency 
and imprecision, we will follow a minimally 
contextualized approach [17], using the 
following minimal important differences 
(MIDs): for RQLQ, we will consider a MID of 
0.5 [18]; and for the TNSS on a 0 – 12 scale, 
we will consider a MID of 0.28 [19].

Synthesis of the evidence

All desirable effects outcomes to be as-
sessed are continuous. Therefore, we will 
present the mean (± standard deviation) 
baseline and change-from-baseline values 
for such outcomes. When information on 
spread measures is missing, this will be es-
timated based on the approach proposed 
by Weir et al. [20] as previously described in 
another systematic review conducted by our 
team [10, 20]. Undesirable effects outcomes 
to be assessed are dichotomous, therefore, 
we will present them by providing informa-
tion on the absolute frequency of events and 
on their incidence rate per person-weeks.

Pairwise meta-analysis
We will perform pairwise meta-analysis 

comparing intranasal versus oral medica-
tions, combination of intranasal and oral 
medications versus oral or nasal medica-
tions alone, and direct comparisons of intra-
nasal medications. For desirable effects out-
comes presented in the same scale across 
studies, we will perform random-effects 
meta-analyses of mean differences (MDs) 
in change-from-baseline values, while for 
outcomes presented in different scales, we 
will perform random-effects meta-analyses 
of standardized mean differences (SMDs). 
For outcomes calculated based on the same 
symptoms but with results presented in dif-
ferent scales, scale reconversion will be per-
formed. For undesirable effects outcomes, 
we will perform random-effects meta-anal-
yses of incidence rate ratios (IRRs).

For systematic reviews #1 and #2, meta-
analyses will be performed grouping drugs 
by means of administration (i.e., compar-
ing all intranasal medications versus all oral 
medications) and by drug class; for system-
atic review #3, meta-analysis will be per-citation
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formed by individual drug. Separate meta-
analyses will be performed for patients with 
seasonal and perennial AR.

The restricted maximum likelihood ap-
proach will be used to estimate between-
study variance. Heterogeneity will be as-
sessed by estimating the p-value of the 
Q-Cochran test and by the I2 statistic. A p-
value < 0.10 and an I2 ≥ 50% will be consid-
ered to represent substantial heterogeneity. 
Irrespective of the findings, we will further 
explore heterogeneity to identify poten-
tial sources of variations. We will conduct 
sensitivity analyses to assess the impact by 
risk of bias on the pooled effect estimates. 
Subgroup analyses will also be performed 
in relation to the follow-up period of the 
study and to the dose of the drug being as-
sessed. The a priori hypotheses underlying 
these subgroup analyses is that a higher ef-
fect may be observed when higher doses of 
the drug are tested but not necessarily when 
assessing longer follow-up periods. For sub-
group analyses suggesting the existence of 
effect modification, the credibility of such 
effect modification will be assessed using 
the Instrument to assess the Credibility of 
Effect Modification Analyses (ICEMAN) in a 
meta-analysis of RCT tools [21].

We will apply a complementary ap-
proach using Bayesian methods to compute 
the probability of each intervention being 
more effective than the comparison in im-
proving efficacy outcomes more than the 
MID and/or of established decision thresh-
olds. For each comparison, we will perform 
Bayesian random-effects meta-analyses of 
mean differences in change-from-baseline 
values of the TNSS and RQLQ using non-
informative prior distributions (dnorm(0, 
0.00001) for the effect size measures and 
dunif(0,100) for the tau parameter). We will 
run a minimum of 200,000 iterations with a 
burn-in of 100,000 sample iterations until 
convergence is reached (as assessed by an 
effective sample simple size of at least 4,000 
and a Gelman-Rubin statistic < 1.01). We will 
obtain the posterior predictive probability 
distributions for the effect size measures of 
each primary study and of the pooled meta-
analytical values. For each medication and 
outcome, we will quantify the proportion 
of simulations of effect size measures (i) 
that are higher than the MID (this analysis 
will not be performed for the TOSS on ac-
count of a lack of an established MID), and/

or (ii) that fall within each interval defined 
by established decision thresholds (i.e., dis-
playing a trivial, small, moderate, or large 
effect). The latter approach will also be ap-
plied in relation to safety outcomes.

Network meta-analysis
To assess the comparative efficacy of in-

tranasal medications, including direct and 
indirect comparisons, we will perform a net-
work meta-analysis for each outcome in sys-
tematic review #3.

For desirable effects outcomes, we will 
perform random-effects network meta-
analysis of MD or SMD in change-from-
baseline values, depending on whether or 
not outcomes are presented in the same 
scale across studies. For undesirable effects 
outcomes, we will perform random-effects 
network meta-analyses of IRR. Network me-
ta-analyses will be performed by individual 
drug and by drug class.

The transitivity assumption (i.e., the ex-
istence of comparable distributions of pa-
tient characteristics across studies in the 
treatment network) will be assessed by 
considering patient and study characteris-
tics across the studies that compare pairs of 
treatments. The coherence assumption (i.e., 
the agreement in estimates between direct 
and indirect sources of evidence) will be as-
sessed both by local and global approaches. 
First, we will assess local coherence using 
the Separating Indirect from Direct Evidence 
(SIDE) approach as proposed by Dias et al. 
[22]. This method evaluates the incoher-
ence factor for every pairwise comparison in 
a network by contrasting a direct estimate 
(when available) with an indirect estimate; 
the latter being estimated from the entire 
network once the direct evidence has been 
removed [23]. Finally, we will assess hetero-
geneity by estimating the p-value of the Q-
Cochran test and by the I2 statistic. A p-value 
< 0.10 and an I2 ≥ 50% will be considered to 
represent substantial heterogeneity.

All analyses will be performed using soft-
ware R, with the use of the metafor, meta, 
and netmeta packages.

The synthesized evidence, together with 
the confidence in evidence ratings and consid-
erations for each domain, will be summarized 
in dedicated Evidence Profiles using GRADEpro 
software (www.GRADEpro.org) [24].citation
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Discussion

There are some limitations to these sys-
tematic reviews. First, we will consider only 
patients aged 12 years or older, therefore 
our future conclusions may not be gener-
alizable to children. However, this may be 
overcome by a future systematic review in 
pediatric patients. Additionally, we will rely 
on the search strategy for a previous sys-
tematic review on intranasal antihistamines 
and corticosteroids. However, the three sys-
tematic reviews will include studies solely if 
they assess intranasal medications (whether 
alone or in combination with oral medica-
tions). From an efficacy point of view, we 
will include studies only if they assess the 
TNSS, TOSS, TSS, or RQLQ. This method-
ological choice stems from the fact that the 
main symptoms associated with AR are the 
nasal or ocular ones. Therefore, we will fo-
cus on these symptoms and on their impact 
on quality of life. Another limitation is that, 
although non-randomized studies may offer 
complementary information on the effec-
tiveness of interventions [17], we will not 
include non-randomized studies in our sys-
tematic review.

There are also limitations related to the 
available evidence. Heterogeneity may ex-
ist in outcome definition across studies. For 
example, for the TNSS, while some studies 
may calculate it by considering the sum of 
three nasal symptoms, others base it on 
the sum of four. To address this variation in 
outcome definitions during meta-analysis, 
we plan to conduct separate meta-analyses 
for differently defined outcomes. Finally, for 
the first two systematic reviews (i.e., com-
paring AR intranasal versus oral treatments, 
or the combination of AR intranasal and 
oral medications versus nasal or oral medi-
cations alone), the number of published 
studies per specific drug may be too small, 
prompting the need for meta-analyses to be 
done grouping drugs by class and means of 
administration.

This set of systematic reviews has been 
devised to inform the 2024 revision of the 
ARIA guidelines on the desirable and unde-
sirable effects of the pharmacological treat-
ments of AR. These are two of the criteria in 
the GRADE Evidence to Decision framework, 
which will be adopted in the context of the 
aforementioned guidelines [25]. Performing 

adequate judgements on these criteria (as 
well as on the balance between desirable 
and undesirable effects) is key in the process 
of formulating guideline recommendations, 
even though additional criteria (such as pa-
tients’ values and preferences or resource 
use) also need to be taken into account.

Beyond the ARIA guidelines, this set of 
systematic reviews will be particularly rele-
vant, as they will enable (i) a comprehensive 
assessment of the effectiveness of intranasal 
medications (whether alone or in combina-
tion with oral medications) versus oral medi-
cations, as well as (ii) a direct and indirect 
comparision of the effectiveness of different 
intranasal medications for AR treatment. 
Furthermore, it will enable us to assess the 
methodological quality of published studies 
and the reliability of the body of existing evi-
dence, allowing us to identify aspects that 
future primary studies should consider. The 
comprehensiveness in scope and the adopt-
ed methodology will allow these systematic 
reviews to fill in relevant literature gaps and 
overcome some of the limitations of previ-
ous systematic reviews.
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