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ments showed no significant differences in serum-specific IgE (mean difference
[MD], 6.35; 95% CI, —-4.62 to 17.31), nasal IgE (MD, -0.59; 95% CI, -1.99 to 0.81), or
nasal eosinophil cationic protein (MD, 7.63; 95% CI, -18.65 to 33.91). Only serum
IgG significantly increased with LNIT (MD, 0.45; 95% CI, 0.20, 0.70). Posttreat-
ment, nasal provocation threshold was higher with LNIT (MD, 27.30; 95% CI,
10.13-44.46). No significant adverse events were reported.

Conclusions: LNIT is a safe alternative allergen immunotherapy route without
significant adverse events. It improves clinical symptoms, reduces medication
usage, and increases the nasal provocation threshold.
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1 | INTRODUCTION

Allergic rhinitis (AR) is one of the most common health
problems worldwide. Its prevalence ranges from 17% to
28.5% in Europe! and from 6.9% to 36% in Asia,>> and is
tending to increase every year.* Treatment options include
allergen avoidance and environmental control, various
pharmacotherapies (such as topical steroids and oral anti-
histamines), immunotherapy, nasal turbinate surgery, and
alternative medicine (such as acupuncture and herbal
therapy).’

Allergen immunotherapy (AIT) is the only available
curative treatment. It involves repeated allergen admin-
istration to modulate the immune response and induce
allergen-specific immune tolerance. The main mecha-
nisms are immune deviation in favor of the Thl response
and induction of regulatory T cells. Current evidence
shows that immunotherapy can reduce allergic symp-
toms, minimize medication usage, and prevent new
sensitization.®

Various routes and AIT delivery systems are available.
The most common route of administration is subcuta-
neous immunotherapy (SCIT) for the injectable route
and sublingual immunotherapy (SLIT) for the nonin-
jectable route. Both techniques have demonstrated com-
parable clinical improvements, with no significant differ-
ences between SLIT and SCIT. The standardized mean
difference (SMD) in the total nasal symptom score
(TNSS) is —0.33 (95% confidence interval [CI], —0.54 to
—0.13) for SLIT’ and —2.17 (95% CI, —3.50 to —0.84)
for SCIT,® relative to placebo. Other AIT routes have
been studied. They include epicutaneous immunother-
apy, intradermal immunotherapy, oral immunotherapy,
bronchial immunotherapy, intralymphatic immunother-
apy, and local nasal immunotherapy (LNIT).%!°

LNIT involves the induction of immunotolerance in the
nasal cavity. The in vivo kinetics of LNIT were first inves-
tigated by Bagnasco et al'! in 1997. Nasal dendritic cells
in nasal-associated lymphoid tissue (NALT) play a cru-
cial role in AIT-induced priming and dissemination of the
immune response.'? The network of dendritic cells around
the nostrils facilitates the uptake of allergen molecules
and initiates the adaptive immune response.'” This may
be caused by the induction of direct immunotolerance in
the nasal cavity, the affected organ, compared with other
noninjectable routes, such as SLIT. A murine model indi-
cated that LNIT could induce the release of interleukin 10

and the desensitization of allergen challenge.® In a human
study, LNIT was shown to successfully improve symptoms
and medication scores in patients with AR and provide
clinical efficacy similar to SCIT."*

The most recent randomized controlled trial of LNIT
was published in 2009.° LNIT became less popular
because of dosage control difficulty, unsatisfactory patient
compliance because of frequent local side effects, and
the need for specific administration techniques to avoid
allergen spillage into the lower airways.!®

LNIT has received renewed attention with the recent
development of delivery systems and adjuvants, such as
liposomes and nanoparticles, to overcome its limitations.'”
LNIT has an easy route of administration and can be per-
formed by patients. It is also less time-consuming, less
invasive, and has fewer systemic reactions than injection
immunotherapy.'®

This systematic review and meta-analysis aimed to eval-
uate the clinical and immunological efficacy and safety of
LNIT for patients with AR. To our knowledge, this is the
first publication to analyze pooled LNIT data.

2 | MATERIALS AND METHODS

This systematic review and meta-analysis were registered
in PROSPERO (International prospective register of sys-
tematic reviews) on April 29, 2021 (registration number:
CRD42021252155).

2.1 | Eligibility criteria

We included all randomized controlled trials published in
English that compared the effects of LNIT and a control
in humans. Studies in either adult or pediatric patients
with AR were eligible for inclusion. The accepted diagnos-
tic criteria for AR included clinical symptoms with skin
prick test, serum specific IgE, or nasal provocation. Any
allergen (perennial or seasonal), type of preparation (solu-
tion or powder), delivery method (spray or manual nasal
insufflator), dosage, or duration was included. Studies that
assessed the following outcomes were eligible: symptom
scores, medication scores, serum immunological assess-
ments, nasal cytokine assessments, adverse events (AEs),
and nasal provocation thresholds (NPT). However, sec-
ondary research studies (eg, reviews) and animal studies
were excluded.
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2.2 | Search strategy

A systematic search was performed using OVID Med-
line, the Embase database, and a manual bibliographic
search. The search terms were “intranasal,” “local nasal,”
“nasal administration,” “immunotherapy,” “allergy vac-
cine,” “hyposensitization,” “desensitization,” and “allergic
rhinitis” (Table S1). The last search was performed on
January 12, 2022. Duplicate records were removed.

2.3 | Study selection and data extraction
The title and abstract screening were independently per-
formed by two reviewers (N.K. and P.T.). Irrelevant reports
were removed. Three independent reviewers (P.T., P.N.,
and N.K.) subsequently reviewed the full-text versions of
relevant articles according to the specified eligibility cri-
teria. Final decisions were made on study inclusions, with
disagreements resolved by group discussion (P.T., P.N., and
N.K.). Data extraction and collection were then performed.
The following characteristics of the included studies were
extracted: year and country of publication, the num-
ber of participants, mean age, sex, allergen, preparation
form, dosage titration, duration of treatment, and outcome
measurements. The outcome assessments of the indoor
allergen were extracted from the primary data as the post-
treatment evaluation, and the outcome assessments of the
outdoor allergen were extracted as the peak-during-season
evaluation. Cointerventions were allowed and evaluated in
part of the medication score or details of the other treat-
ment modalities. All AEs were recorded, including either
local or systemic AEs, especially the rates of the familiar
AEs, including rhinorrhea and sneezing. The correspond-
ing authors of articles with incomplete information were
contacted for further data.

2.4 | Risk-of-bias assessment

To assess the risk of bias of the included studies, we
employed the approach recommended by the Cochrane
Handbook for Systematic Reviews of Interventions. Six items
were considered: random sequence generation, allocation
concealment, blinding of participants, blinding of out-
come assessment, incomplete outcome data, and selective
reporting.'®

2.5 | Data synthesis

Data were pooled for meta-analysis. The effect size of con-
tinuous outcome data was reported as the mean difference
(MD) or SMD with standard deviation and 95% CIs. When
standard deviations were not available, calculations from

standard errors, Cls, ¢ values, and probability (p) values
were performed.'® If any of the studies evaluated more
than one allergen, we registered the data for each aller-
gen separately. Statistical analyses were performed with
Review Manager, version 5.4 (The Cochrane Collabora-
tion). Labels were reversed if the outcomes were positive."”
The random-effect model was applied. The heterogeneity
measures were Cochran Q test and the I? statistic. An I*
was interpreted as follows: 0% to 40%: might not be impor-
tant, 30% to 60%: may represent moderate heterogeneity,
50% to 90%: may represent substantial heterogeneity, and
75% to 100%: considerable heterogeneity.'® Subgroup anal-
yses were conducted to assess the potential effects of
the related factors in the major clinical outcome, age
groups, allergen type (indoor vs outdoor), and year of
publication. Considering the technological advancement
in vaccine production, most references were published in
1989 and later.'”>*~>® Thus, the subgroup analysis of studies
before and after 1990 based on potential vaccine technology
differences was used. Publication bias was reported by fun-
nel plot. Sensitivity analysis was performed to determine
whether the effects were still significant.

3 | RESULTS

3.1 | Study selection

The study retrieval and selection process were illustrated
in the flowchart in Figure 1. Total 233 records were
identified through the Ovid Medline database, and 249
records were identified through the Embase database
search. Three more studies were added through a bib-
liographic search.?’~?? In all, 388 records were retrieved
after duplications were removed. Their titles and abstracts
were screened, and 27 records were sought for full-text
retrieval. Three full texts could not be retrieved,>> 2
leaving 24 full texts to be assessed for eligibility. Two
studies had comparison groups not compatible with our
interest: one with allergoid use and the other without
placebo control.?>?” Twenty-two studies were included
for qualitative evaluation. Data could not be extracted
from one study,”® and another was excluded because it
was the continuation of another study.”” Note that two
studies were separate reports of the clinical response®”
and the immunological response of a single clinical
trial.>! All studies diagnosed AR by clinical symptoms
and either skin prick test or serum-specific IgE. Twelve
studies had NPT as a part of the diagnostic investi-
gation. The control group received placebo nasal spray
containing lactose powder (nine studies),?0-21:3273540:41.43
normal saline (three studies),?*3’ or other diluents
(five studies).’0-31:3%:3944 Three studies did not report the
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FIGURE 1

Flowchart of study retrieval and selection.

placebo composition.'***% There were no cointerven-
tions other than pharmacologic treatment in the included
studies. Six studies assessed symptom-medication (SMS)
scores??30:33:36:4143 and 11 studies assessed medication
scores as an outcome,20-22:30,32,33,36,37,40,41,44

3.2 | Participants

The 20 included studies had a combined total of 698 par-
ticipants. The mean age was 30.54 years, ranging from 4 to
67 years. Men predominated slightly (53.1%). AR was diag-
nosed by clinical symptoms (19 articles), skin prick tests (19
articles), serum-specific IgE (12 articles), or nasal provoca-
tion tests (12 articles). The patients were allergic to mites
(six trials) and pollen (pellitory, grass, birch, alder, and
weed; 15 trials). The immunotherapy applications of out-
door allergens were delivered in a preseasonal period in all
articles. The baseline characteristics of the included stud-

ies are detailed in Table 1. The assessments of the risk of
bias of the included studies are presented in Figure 2. The
sensitivity analysis was performed considering influential
data detection (Figure S24-S34). The visualized influen-
tial data'*!'>*” was identified on the following outcomes:
TNSS, symptom score, and medication score. The leave-
out of these data still demonstrated significant effect of
LNIT. Additionally, the I values of all comparison groups
decreased to no heterogeneity or moderate heterogene-
ity. These findings improved the robustness of the study.
Funnel plot demonstrated asymmetrical pattern in all
outcomes (Figure S12-S23).

3.3 | TNSS: LNIT vs controls

Eleven trials evaluated TNSS as an outcome,?!?%30:32-39
The total number of patients for this outcome was 298. The
meta-analysis showed that the LNIT group had a greater
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TABLE 1 Baseline characteristics of the included studies
No. of patients Mean age Preparation
Authors Year Country (active/placebo) (years) Men (%) Allergen form
Amato et al® 1995 Italy 26 (13/13) 25.8 42 Pellitory Powder
pollen insufflator
Andri et al*® 1992 Ttaly 24 (16/8) 29.7 43.7 Pellitory Powder
pollen insufflator
Andri et al*! 1993 TItaly 24 (12/12) 19.4 62.5 Mixed mite Powder
insufflator
Andri et al* 1995 TItaly 30 (15/15) 36 53.3 Birch pollen Powder
insufflator
Andri et al*? 1996 Italy 32 (16/16) 31.4 46.8 Mixed grass Powder
pollen insufflator
Bertoni et al*? 1999 Italy 20 (10/10) 29.1 65 Grass pollen Solution
spray
Cirla et a]*® 1996 Italy 22 (11/11) 33.5 45 Birch-alder ~Powder
pollen insufflator
Fanales et al** 1995 TItaly 20 (10/10) 25.7 55 Mite DerP  Solution neb-
ulization
Gaglani et al® 1997 United States 29 (14/15) 42.9 55.6 Mixed weed Solution
pollen spray
Georgitisetal®® 1983 United States 50 (34/16) 36.2 61.3 Mixed grass  Solution
spray
Georgitiseta.*’ 1984 United States 45 (29/16) 34.2 55.6 Mixed grass  Solution
spray
Giannarini et al'* 1998 Ttaly 45 (30/15) NR NR Mixed grass Powder
insufflator
Marcucci et al”’ 2002 Italy 32 (16/16) 9.2 53.1 Mixed mite  Powder
insufflator
Motta et al*? 2000 Italy 102 (54/48) 26 52.7 Mixed mite, Powder
mixed insufflator
pellitory,
and grass
pollen
Nickelsen et al®** 1981 United States 75 (53/22) 36 48.8 Ragweed Solution
pollen spray
Nickelsen et al®’ 1981 United States 75 (53/22) 36 48.8 Ragweed Solution
pollen spray
Passalaqua et al® 1997 Italy 20 (10/10) 33 55 Pellitory Powder
pollen insufflator
Passali et al*® 2002 Italy 36 (18/18) 24.3 55.6 Mixed mite Powder
insufflator
Tsai et al® 2009 Taiwan 35 (24/11) 29.7 54.2 Mite DerP DerP-coated
strip
Welsh et al*’ 1981 United States 33 (18/15) 31 51.5 Short Solution
ragweed spray

DerP, Dermatophagoides pteronyssinus; NB, nebulization; NPT, nasal provocation threshold; NR, not reported.
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FIGURE 2 Therisk of bias assessment. (A) Risk-of-bias graph, (B) risk-of-bias summary.

posttreatment improvement than the control group (SMD,
—1.37; 95% CI, —2.04 to —0.69 [p < 0.0001]). There was
substantial heterogeneity (I = 84%) (Figure S1).

331 |
group

TNSS subgroup analysis: TNSS by age

A subgroup analysis was performed by age group (<15
years vs >15 years). The LNIT group had greater post-
treatment improvement than the control group for both
age subgroups. The younger age subgroup (SMD, —3.11;
95% CI, —4.30 to —1.91) had significant improvement
(p = 0.005) compared with the older age subgroup (SMD,

—1.17; 95% CI, —1.82 to —0.51). The forest plot is shown in
Figure 3A.

3.3.2 | TNSS subgroup analysis: TNSS by
allergen subtype

A subgroup analysis was conducted by allergen subtype
(indoor vs outdoor). The LNIT group had greater post-
treatment improvement than the control group for both
allergen subgroups. There was no significant difference
(p = 0.99) between the indoor allergen subgroup (SMD,
—1.39; 95% CI, —2.53 to —0.25]) and the outdoor allergen
subgroup (SMD, —1.40; 95% CI, —2.32 to —0.48) (Figure S2).
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(A) LNIT Control
Study or Subgroup  Mean SD Total Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference

IV, Random, 95% CI Year IV, Random, 95% CI

1.13.1 Age <15 years

Marcucci 2002 254 733 12 477 662 14 86%
Subtotal (95% CI) 12 14 8.6%

Heterogeneity: Not applicable
Test for overall effect. Z=5.08 (P < 0.00001)

1.13.2 Age >/=15 years

Welsh 1981 50 30.57 15 85 3057 15 10.2%
Nikelsen 1981 167 1.01 21 238 1.1 22 107%
Geogitis 1983 14 137 16 245 137 13 103%
Andri 1993 31.54 4085 11 981 39.93 10  93%
Fanales 1995 13.2 12 10 124 133 10 9.8%
Amato 1995 18 1554 10 38 1554 10  95%
Andri 1996 24 3236 13 50 32.36 15 10.2%
Gaglani 1997 27 0.2 12 645 022 15  1.6%
Bertoni 1999 2061 1518 9 4494 2502 9 93%
Passali 2002 4 466 18 95 466 18 10.4%
Subtotal (95% CI) 135 137 91.4%

Heterogeneity: Tau®= 0.84; Chi*= 48.84, df= 9 (P < 0.00001); = 82%
Test for overall effect: Z= 3.48 (P = 0.0005)

Total (95% ClI) 147 151 100.0%
Heterogeneity: Tau®=1.02; Chi*= 60.85, df= 10 (P < 0.00001), F= 84%
Test for overall effect: Z= 3.95 (P < 0.0001)

Test for subaroup differences: Chi*=7.73, df=1 (P = 0.005), F=87.1%

(B) LNIT Control
Study or Subgroup  Mean SD Total Mean SD Total Weight

-17.20[-22.22,-12.18] 1997

Std. Mean Difference

-3.11 [-4.30,-1.91] 2002 =
-3.11 [4.30, -1.91] L 2

-1.11 [-1.89,-0.34] 1981
-0.70 [-1.32,-0.08] 1981
-0.74 -1.51,0.02] 1983
-1.58[-2.59,-0.57] 1993

0.06 [-0.82,0.94] 1995
-1.23[2.21,-0.26] 1995
-0.78 [-1.55,-0.01] 1996

4*1111’

|

-1.12[213,-0.11] 1999

-1.151.87,-0.44] 2002 -
1.17 [-1.82, -0.51] )
1.37 [-2.04, -0.69] (]
-20 10 0 10 20

Favours [LNIT] Favours [control]

Std. Mean Difference

IV, Random, 95% CI _Year IV, Random, 95% CI

1.16.1 Aqueous form

Welsh 1981 50 3057 15 85 3057 15 10.2%
Nikelsen 1981 1.67 1.01 21238 101 22 10.7%
Geogitis 1983 14 137 16 245 137 13 103%
Fanales 1995 13.2 12 10 124 133 10 9.8%
Gaglani 1997 27 0.2 12 645 022 15 16%
Bertoni 1999 2061 1518 9 4494 2502 9 93%

Subtotal (95% CI) 83 84 51.9%
Heterogeneity: Tau*= 1.64; Chi*= 45.80, df= 5 (P < 0.00001); F=89%
Test for overall effect: Z=2.41 (P=0.02)

1.16.2 Powder form

Andri 1993 31.54 4085 11 981 3993 10  93%
Amato 1995 18 1554 10 38 1554 10 95%
Andri 1996 24 3236 13 50 32.36 15 10.2%
Passali 2002 4 466 18 95 466 18 10.4%
Marcucci 2002 254 733 12 477 6.62 14 86%
Subtotal (95% CI) 64 67 48.1%

Heterogeneity: Tau®= 0.36; Chi*=10.88, df=4 (P=0.03), F=63%
Test for overall effect: Z= 4.31 (P < 0.0001)

Total (95% CI) 147 151 100.0%
Heterogeneity: Tau*= 1.02; Chi*= 60.85, df= 10 (P < 0.00001), F=84%
Test for overall effect. Z= 3.95 (P < 0.0001)

Test for subaroup differences: Chi*=0.01, df=1 (P=0.93), F= 0%

FIGURE 3
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-112[2.13,-0.11] 1999
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-1.58[-2.59,-0.57] 1993
-1.23[-2.21,-0.26] 1995
-0.78 [-1.55,-0.01] 1996
-1.15[-1.87,-0.44] 2002
-3.11 [-4.30,-1.91] 2002
1.47 [-2.15, -0.80]

’iiqff

1.37 [-2.04, -0.69] ¢

-20 -10 0 10 20
Favours [LNIT] Favours [Control]

Total nasal symptom score: local-nasal immunotherapy vs controls. (A) Subgroup analysis by age group, (B) subgroup

analysis by preparation form of local nasal immunotherapy (LNIT). CI, confidence interval.

3.3.3 | TNSS subgroup analysis: TNSS by year
of publication

A subgroup analysis was performed by year of publica-
tion (before 1990 vs after 1990). The LNIT group had a
greater posttreatment improvement than the control group
for both subgroups. There was no significant difference
(p = 0.09) between the pre-1990 subgroup (SMD, —0.83;
95% CI, —1.24 to —0.42) and the post-1990 subgroup (SMD,
—1.79; 95% CI, —2.83 to —0.72). (Figure S3)

3.3.4 | TNSS subgroup analysis: TNSS by
preparation form of LNIT

A subgroup analysis was performed by the preparation
form of LNIT (aqueous vs powder). The LNIT group had
greater posttreatment improvement than the control group
for both subgroups. There was no significant difference
(p = 0.93) between the aqueous-form subgroup (SMD,
—1.42; 95% CI, —2.57 to —0.27) and the powder-form sub-
group (SMD, —1.47; 95% CI, —2.15 to —0.08). The forest plot
is illustrated in Figure 3B.
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(A)
LNIT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Nikelsen 1981 206 147 21 325 1.47 22 11.8% -0.79[1.42,-017] 1981 ol
Geogitis 1983 138 1.36 16 242 1.36 13 10.6% -0.74 [-1.50,0.02] 1983 o
Georgitis 1984 188 082 14 258 082 16 10.7% -0.83[-1.58,-0.08] 1984 -
Andri 1993 25 489 1" 7 489 10  94% -0.88 [-1.79,0.02] 1993 =
Cirla 1996 4929 2512 1" 48 24.06 11 10.0% 0.05[-0.79,0.89] 1996 S B
Andri 1996 35 4592 13 70 4592 15 105% -0.74 [1.51,0.03] 1996 -
Giannarini 1998 9 3 1" 48 9 7 27% -6.19[-8.67,-3.71] 1998 ——
Motta_Mite 2000 111 6.26 29 228 6.26 26 125% -0.18[-0.71,0.35] 2000 . i
Motta_Pollen 2000 086 533 23 167 533 15 115% -0.15[-0.80, 0.50] 2000 -
Tsai 2009 29 05 19 28 06 9 103% 0.18 [-0.61,0.98] 2009 g i
Total (95% CI) 168 144 100.0% -0.61 [-1.06, -0.16] ¢
Heterogeneity: Tau®= 0.35; Chi*= 30.30, df= 9 (P = 0.0004); F=70% _150 55 o % 130

Test for overall effect: Z= 2.64 (P = 0.008)

Favours [LNIT] Favours [control]

(B) LNIT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Nikelsen 1981 212 2.23 21 393 2.23 22 20.7% -0.80[-1.42,-0.17] 1981 -
Geogitis 1983 1.33 0.75 16 279 075 13 19.7% -1.89[-2.79,-0.99] 1983 .
Georgitis 1984 1.67 1.42 14 323 1.42 16 20.2% -1.07 [-1.84,-0.30] 1984 o
Gaglani 1997 3.62 0.25 12 1242 0N 15 09% -46.09[-59.42,-32.77) 1997 ———
Passalagua 1997 200 103.37 9 320 103.37 9 19.2% -1.11[-212,-0.10] 1997 o
Bertoni 1999 26112 17.07 9 4882 2702 9 193% -0.96 [-1.95,0.03] 1999 b
Total (95% ClI) 81 84 100.0% -1.55[-2.83, -0.28] '
S A . o s .y . .
Heterogeneity: Tau*=1.93; Chi*= 47.74, df= 5 (P < 0.00001); F= 90% 20 35 ) 25 20

Test for overall effect: Z=2.39 (P=0.02)

Favours [LNIT] Favours [control]

Cc

( ) LNIT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Nikelsen 1981 052 086 21 123 086 22 16.8% -0.81[-1.43,-0.19] 1981 —

Geogitis 1983 017 036 16 067 036 13 97% -1.35[-2.17,-0.53] 1983 —

Georgitis 1984 025 057 14 1 057 16 10.3% -1.28[-2.08,-0.48] 1984 —

Andri 1992 4 3869 8 83 369 8 57% -1.10[-2.18,-0.03] 1992 e

Andri 1993 0 218 1 2 218 10 8.0% -0.88 [-1.79,0.03] 1993

Amato 1995 6 874 10 18 8.74 10 6.7% -1.31[-2.30,-0.33] 1995

Andri 1995 70 30.54 14 100 30.54 14 105% -0.95[-1.74,-017) 1995 —

Cirla 1996 11.64 8.8 11 2718 1712 1" 7.9% -1.10[-2.01,-0.19] 1996

Andri 1996 1.2 497 13 52 497 15 10.9% -0.78 [-1.56,-0.01] 1996 —

Bertoni 1999 7.28 882 9 2314 22863 9 68% -0.88[-1.86,0.10) 1999 ——1
Marcucci 2002 1.7 068 12 42 1.5 14 69% -2.02[-3.00,-1.05] 2002

Total (95% CI) 139 142 100.0% -1.09 [-1.35, -0.83] L4

Heterogeneity: Tau*= 0.00; Chi*= 6.20, df=10 (P = 0.80); F= 0%
Test for overall effect: Z= 8.36 (P < 0.00001)

2 g0 A . 2
Favours [LNIT] Favours [control]

FIGURE 4 Clinical outcomes assessment: local nasal immunotherapy (LNIT) vs controls. (A) Nasal obstruction symptom scores, (B)

symptom-medication scores, (C) medication scores.

3.4 | Nasal obstruction: LNIT vs controls
Nine trials assessed nasal obstruction symptom scores as
an outcome.#15:21:30:32,36.40-42 The total number of patients
for this outcome was 312. The meta-analysis showed that
the LNIT group had greater posttreatment improvement
than the control group (SMD, —0.61; 95% CI, —1.06 to
—0.16 [p = 0.008]). There was substantial heterogeneity
(I? = 70%). The forest plot is shown in Figure 4A.

3.5 | Rhinorrhea: LNIT vs controls

Ten trials assessed rhinorrhea symptom scores as an
outcome,#15:21:30.:32.36.39-42 1p q]], 305 patients were consid-
ered for this outcome. The meta-analysis found that the
LNIT group had greater posttreatment improvement than
the control group (SMD, —0.69; 95% CI, —1.18 to —0.20
[p = 0.005]). There was also substantial heterogeneity
(I? = 74%) (Figure S4).
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3.6 | Sneezing: LNIT vs controls

Ten trials assessed sneezing as an
outcome.!#15:21:30.32,36.39-42 A total of 300 patients were
evaluated for this outcome. The meta-analysis revealed
that the LNIT group had greater posttreatment improve-
ment than the control group (SMD, —0.72; 95% CI, —1.24 to
—0.21 [p = 0.006]). Substantial heterogeneity was evident
(I? = 76%) (Figure S5).

3.7 | Itching: LNIT vs controls

Four trials assessed itching symptom scores as an
outcome.'#323%40 Ninety-eight patients were assessed
for this outcome. The meta-analysis showed that the
LNIT group had greater posttreatment improvement
than the control group (SMD, —1.24; 95% CI, —2.08 to
—0.40 [p = 0.004]). Substantial heterogeneity was found
(I? = 69%) (Figure S6).

3.8 | LNIT vs controls

Six trials assessed SMS as an outcome,?>3%:3536:41.43 A total
of 165 patients were examined. The meta-analysis found
that the LNIT group had greater posttreatment improve-
ment than the control group (SMD, —1.55; 95% CI, —2.83
to —0.28 [p = 0.02]). The heterogeneity was considerable
(I? = 90%). The forest plot is presented in Figure 4B.

3.9 | Medication scores: LNIT vs controls
Eleven trials assessed medication scores as an
outcome,20-22:30,32,33,36,37.40.4144 1 a]] there were 281
patients. The meta-analysis identified that the LNIT
group had a lower posttreatment medication score than
the control group (SMD, —1.09; 95% CI, —1.35 to —0.83
[p < 0.00001]). Heterogeneity was absent (I = 0%). The
forest plot is given in Figure 4B.

3.10 |
controls

Serum-specific IgE levels: LNIT vs

Four trials assessed serum-specific IgE levels as an
outcome.'*1>337 Ninety-nine patients were evaluated.
The meta-analysis did not find significant differences
between the LNIT and control groups (MD, 6.35; 95%
CI, —4.62 to 17.31 [p = 0.26]). There was considerable
heterogeneity (I> = 94%). The forest plot is shown in
Figure 5B.

3.11 | Serum IgG levels: LNIT vs controls

Three trials assessed serum IgG as an outcome.'*!53%37
In total, 79 patients were evaluated. The meta-analysis
showed that the LNIT group had higher posttreatment
serum IgG levels than the control group (MD, 0.45;
95% CI, 0.20-0.70 [p = 0.0005]). There was no het-
erogeneity (I> = 12%). The forest plot is illustrated in
Figure 5B.

3.12 | Nasal IgE levels: LNIT vs controls
Two trials assessed nasal-specific IgE levels as an
outcome.**?” Forty-six patients were investigated. The
meta-analysis did not find a significant difference between
the LNIT and control groups (MD, —0.59; 95% CI, —1.99
to 0.81 [p = 0.41]). Heterogeneity was absent (I> = 0%)
(Figure S7).

3.13 | Nasal eosinophil cationic protein:
LNIT vs controls

Two trials assessed nasal eosinophil cationic protein (ECP)
levels as an outcome.">* In total, 48 patients were exam-
ined. The meta-analysis showed no significant difference
between the LNIT and control groups (MD, 7.63; 95%
CI, —18.65 to 33.91 [p = 0.57]). There was moderate
heterogeneity (I* = 49%) (Figure S8).

3.14 | s:LNIT vs controls

Fight trials assessed serum NPTs as an
outcome.?V2232:33,3537.3840 1 g]l, 206 patients were
involved. The meta-analysis revealed that the LNIT
group had a higher NPT after treatment than the control
group (MD, 27.30; 95% CI, 10.13-44.46 [p = 0.002]). The
heterogeneity was considerable (I> = 98%) (Figure S9).

3141 |
group

NPT subgroup analysis: NPT by age

A subgroup analysis was performed by age group (<15
years vs >15 years). The results showed that the LNIT
group had a higher posttreatment NPT than the control
group for both age subgroups. There was no significant dif-
ference (p = 0.18) between the younger age subgroup (MD,
53.60;95% CI,15.75-91.45) and the older age subgroup (MD,
24.72; 95% CI, 6.76-42.68) (Figure S10).
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LNIT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Fanales 1995 85 125 10 235 332 10 13.9% -15.00[-36.99,6.99) 1995 —
Giannarini 1998 70 10 14 33 15 11 247% 35.00([24.70,45.30) 1998 —
Marcucci 2002 8 67 12 87 53 14 29.8% -0.70 [-5.40, 4.00] 2002 ==
Tsai 2009 04 02 19 04 01 9 316% 0.00[-0.11,0.11] 2009
Total (95% CI) 55 44 100.0% 6.35[4.62,17.31]
Heterogeneity: Tau®= 99.19; Chi*= 46.26, df= 3 (P < 0.00001); F= 94% 20 35 b 75 20

Test for overall effect. Z=1.13 (P =0.26)

(B)
LNIT Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
IV, Random, 95% Cl Year

Favours [LNIT] Favours [control]

Mean Difference
IV, Random, 95% CI

Giannarini 1998 1:5: 05 14 1.2 025 11 545%
Marcucci 2002 2 23 12 1 08 14 3.4%
Tsai 2009 22 03 19 16 05 9 421%

Total (95% CI) 45 34 100.0%
Heterogeneity: Tau*= 0.01; Chi*= 2.26, df=2 (P=0.32), F=12%
Test for overall effect: Z= 3.49 (P = 0.0005)

FIGURE 5

LNIT Control

Study or Subgroup  Mean SD Total Mean SD Total Weight

Mean Difference
IV, Random, 95% Cl Year

0.30 [-0.00, 0.60) 1998 -
1.00[-0.37,2.37] 2002
0.60[0.25,0.95] 2009 —-—
0.45 [0.20, 0.70] &>
2 R 0 1 2

Favours [Control] Favours [LNIT]

Immunologic outcome assessment. (A) Serum-specific IgE levels, (B) serum IgG levels. LNIT, local nasal immunotherapy.

Mean Difference
IV, Random, 95% CI

1.20.1 Indoor allergen

Andri 1993 66.15 76.56 11 765 1541 10 7.3%
Passali 2002 26 2085 18 -1 20.85 28 14.5%
Marcucci 2002 60.8 49.09 12 7.2 49.09 14  8.9%
Subtotal (95% CI) 41 52 30.7%
Heterogeneity: Tau®*=142.33; Chi*=3.13,df= 2 (P=0.21); F= 36%

Test for overall effect: Z= 3.57 (P = 0.0004)

1.20.2 Outdoor allergen

Andri 1992 4575 38.86 8 10 21.0 8 10.5%
Amato 1995 95 532 10 16.25 532 10 155%
Cirla 1996 48 3941 1" 0 943 1M1 121%
Andri 1996 47.5 25 13 121 457 15 156%
Gaglani 1997 1 405 12 -1 135 15 156%
Subtotal (95% CI) 54 59 69.3%

Heterogeneity: Tau®= 502.32; Chi*= 427.11, df= 4 (P < 0.00001); F= 99%
Test for overall effect: Z= 1.95 (P = 0.05)

Total (95% ClI) 95 111 100.0%
Heterogeneity: Tau®= 489.14; Chi®= 438.93, df= 7 (P =< 0.00001); F=98%
Test for overall effect: Z=3.12 (P = 0.002)

Test for subgroun differences: Chi*=1.31, df=1 {P=0.25), F= 23.4%

58.50[12.26,104.74] 1993
27.00 [14.85, 39.35] 2002
53.60[15.75,91.45] 2002
37.91[17.09, 58.72]

-6.75-11.41,-2.09] 1995 -
48.00 24.23, 71.77) 1996
35.40 [32.72, 38.08] 1996

20.72 [-0.15, 41.60]

27.30 [10.13, 44.46]

_
e
35.75[5.14,66.36] 1992 T

2.00 [-0.39, 4.39] 1997 .
i
i
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Favours [Control] Favours [LNIT]

FIGURE 6 Nasal provocation threshold by allergen subtypes: local nasal immunotherapy (LNIT) vs controls.

3.14.2 | NPT subgroup analysis: NPT by
allergen subtype

A subgroup analysis was performed by allergen subtype
(indoor vs outdoor). The LNIT group had a higher post-
treatment NPT than the control group for the indoor
allergen subgroup. There was no significant difference
(p = 0.25) between the indoor allergen subgroup (MD,
37.91; 95% CI, 17.09-58.72) and the outdoor allergen sub-
group (MD, 20.72; 95% CI, —0.15 to 41.61). The forest plot is
shown in Figure 6.

The summary of effects of interventions is detailed in
Table 2.

3.15 | Adverse events

Regarding AEs, 12 of 14 studies reported mild local reac-
tions: sneezing, rhinorrhea, nasal congestion, itching, and
a local burning sensation. Sneezing was the most com-
mon AE. Less common were hives on the neck and watery
eyes. Five studies provided raw data on AEs for the LNIT
group: the mean AE rate of the group averaged 43.5%
(range: 0%—100%). Only three studies provided raw data on
AE:s for the control group: the mean AE rate of the group
was 3.12% (range: 0%—3.12%). All local AEs subsided spon-
taneously. No systemic AEs were reported for the adult
group, and no local or systemic AEs were reported for the
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TABLE 2 Summary of effects of interventions
Outcomes Studies Participants SMD/MD 95% CI n
TNSS§?2230:32-39 1 298 —1.37 [—2.04 to —0.69] 84%
Nasal obstruction!*>21:30,32,36,40-42 9 312 —0.61 [-1.06 to —0.16] 70%
Rhinorrhea!#15:21:30,32,36,39-42 10 305 —0.69 [-1.18 to —0.20] 74%
Sneezing!*1>21,30:32,36,39-42 10 300 —0.72 [—1.24 to —0.21] 76%
Itching!43>3%:40 4 98 —1.24 [—2.08 to —0.40] 69%
SMS?2:30,35,36,41,43 6 165 —1.55 [—2.83 to —0.28] 90%
Medication score?0-2230-32,33,36,37.40,41.44 1 281 -1.09 [-1.35to —0.83] 0%
Serum specific IgE level'*!534%7 4 99 6.35 [—4.62 t017.31] 94%
Serum IgG level'153537 3 79 0.45 [0.20 to 0.70] 12%
Nasal specific IgE level*** 2 46 —0.59 [—1.99 to 0.81] 0%
Nasal ECP level>3* 2 48 7.63 [—18.65 to 33.91] 49%
NPT?0-22,32,33,35,37,38,40 8 206 27.30 [10.13-44.46] 98%

CI, confidence interval; ECP, eosinophilic cationic protein; MD, mean difference; NPT, nasal provocation threshold; SMD, standardized mean difference; SMS,

symptom-medication score; TNSS, total nasal symptom score.

TABLE 3 Summary of AEs
Local AEs Systemic AEs
Authors Events LNIT (n) Controls (n) Events
Amato et al® Yes NR NR No
Andri et al” Yes 4/8 NR No
Andri et al”! Yes 4/11 1/10 No
Andri et al* Yes NR NR No
Bertoni et al* Yes 3/9 NR No
Cirla et al*® Yes 9/11 NR No
Gaglani et al® Yes 2/12 NR No
Georgitis et al* Yes NR NR No
Georgitis et al*! Yes NR NR No
Marcucci et al*’ No 0/12 0/14 No
Nickelsen et al* Yes 15/15 NR No
Passalaqua et al* No 0/7 0/8 No
Passali et al*® Yes NR NR No
Welsh et al*’ Yes NR NR No

AEs, adverse events; LNIT, local nasal immunotherapy; NR, not reported.

pediatric subgroup. There was limited detailed informa-
tion from the original articles in part of AEs; thus, we could
not report the data of the specific AEs such as rhinorrhea
or itching. The AEs are detailed in Table 3.

4 | DISCUSSION

This systematic review and meta-analysis of LNIT consid-
ered 20 studies with 698 participants. The results showed
positive effects of LNIT on TNSS and all symptom scores,
including nasal obstruction, the most difficult to treat
symptom. The itching symptom score demonstrated the
highest degree of improvement, followed by sneezing,

rhinorrhea, and nasal obstruction. TNSS (SMD, —1.37;
95% CI, —2.04 to —0.69) and itching symptom score (SMD,
—1.24;95% CI, —2.08 to —0.40) not only provided statistical
significance but also demonstrated clinical significance
with a magnitude of SMD >0.8.*° To our knowledge, this
is the first meta-analysis of LNIT. However, there was a
qualitative systematic review on this topic by Passalacqua
et al in 2006.'° All 21 trials in the work by Passalacqua et
al were assessed in our review.

Current guidelines and recommendations on AR mostly
mention SCIT and SLIT.*® LNIT and other routes are pre-
sented only as options and with limited information. A
meta-analysis by Huang et al® reported no significant dif-
ference in the symptom scores of SCIT and SLIT. The
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effectiveness of SCIT and SLIT was demonstrated in a
recent meta-analysis. Relative to placebo, the SMD of TNSS
for SLIT was —0.33 (95% CI, —0.54 to —0.13),” while for
SCIT the SMD was —2.17 (95% CI, —3.50 to —0.84).% In our
work, the effect of LNIT on TNSS was comparable to those
of both conventional methods. In a comparison between
LNIT and SCIT, a randomized controlled trial by Giannar-
ini et al'* showed no significant difference in the symptom
scores of the two groups.

The subgroup analysis of TNSS by age (<15 vs >15 years)
showed a significant difference in favor of the younger
age group. This finding is consistent with a study compar-
ing the efficacy of SCIT for pediatric and adult patients
with AR. The results demonstrated better symptom scores
and better combined medication scores for children than
adults.” Two reasons are possible. First, the pediatric
participants had smaller nasal cavities than the adult par-
ticipants. This characteristic led to a higher degree of
distribution of the topical solution on the intranasal sur-
face area. Moreover, the smaller nasal volume resulted
in more concentrated, and therefore more potent, local
medication for the children than the adults. Second, the
pediatric immune response is more active than the adult
immune response. This difference was identified by a study
of AEs related to current SCIT practices, which reported a
higher systemic reaction rate among children.*®

All of the articles evaluated the effect of immunother-
apy for outdoor allergens-applied immunotherapy during
the preseasonal period to enable adequate duration for
optimal response at the peak-pollen period. The LNIT
group had a more favorable TNSS than the control
group for the outdoor allergen subgroups during the peak
pollen assessment. A future study evaluating the effect
of immunotherapy delivery timing of seasonal allergens
comparing preseasonal, in-seasonal, and postseasonal is
recommended.

Different allergen formulations were used in LNIT
studies. In the past, the stability of liquid allergens and
the control of the dosage of aqueous allergen preparations
were problematic. These shortcomings led to the devel-
opment of a lyophilized, macronized allergen powder.”’
Nevertheless, there was no difference in the improvement
in the TNSS obtained with the powder and aqueous
forms.

Decreasing medication usage is another goal of AIT. In
2007, the World Allergy Organization defined the need for
rescue medications as primary end point parameters in
clinical outcome measures: one point for oral or intranasal
antihistamines, two points for nasal corticosteroids, and
three points for oral corticosteroids.*” Although all of the
studies in our review were published before the proposal
for a standardized scoring system, the results still revealed
a decline in medication usage.

The immunological assessments demonstrated an
increase in serum IgG in the LNIT group. Surprisingly, no
difference in serum-specific IgE was evident after treat-
ment. The timing of serum-specific IgE measurements
may be too early to detect changes. Two of four studies
assessed serum-specific IgE at 10 to 16 weeks,'>** while
it was evidenced to decrease at 6 to 12 months.”’ Nasal-
specific IgE and ECP showed similar effects in the LNIT
and control groups. This result was counter to what was
expected from the local immune response in NALT. Several
factors can explain inaccurate measurements, including
nasal secretion collection techniques, dilutional effects by
mucosal secretions, and the effects of mucociliary clear-
ance. Furthermore, the timing of the specimen collections
in both included studies for nasal ECP was too early.

The NPT was higher for the LNIT group after treatment.
This result supports the principle of LNIT, which directly
triggers immunomodulation in NALT. Although NPT is
used primarily in research rather than in everyday clini-
cal practice,” it is a valuable test for assessing the response
from LNIT. There was no significant difference between
the indoor and outdoor allergen subgroups. However, the
indoor allergen subgroup tended to have a more noticeable
improvement.

Forty-three percent of the participantsin the LNIT group
experienced local reactions, such as sneezing, mild rhi-
norrhea, nasal congestion, itching, and a local burning
sensation. This rate was comparable with local reactions
caused by SLIT (39%—47%).”>>* Nickelsen et al**3! and
Cirla et al*® reported a high incidence of local AEs. This
high incidence could be attributable to the variation of the
report degree accepted by each article without the same
report standard. No systemic reaction was reported from
any of the included studies in LNIT, unlike SCIT, in which
systemic side effects were reported to be up to 7%.°

The limitations of this meta-analysis are the high risk
of bias, the presence of publication bias and the high
heterogeneity of the included studies. According to the
favorable outcomes of LNIT and the advancement of the
biomedical technique of product development (eg, liposo-
mal nanotechnology for drug carriers), LNIT could be an
excellent alternative immunotherapy application route for
patients with AR. Further research assessing the immuno-
logic outcome with a more extended follow-up period and
drug delivery technique is recommended.

5 | CONCLUSIONS

LNIT is an alternative route for noninjection immunother-
apy. The current meta-analysis supports the efficacy and
safety of LNIT. There are benefits of LNIT in symptom
reduction and decreased medication use. TNSS and all
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symptom scores (including nasal obstruction, rhinorrhea,
sneezing, and itching) were lower for the LNIT group than
for the placebo group. The SMS and medication score also
decreased in the active treatment group. The NPT after
LNIT increased significantly. Last, no serious AEs were
reported.
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