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Abstract

Purpose Ragweed allergen causes Allergic rhinoconjunctivitis and sublingual immunotherapy is one of the treatment modali-
ties to desensitize allergic individuals. This systematic review assesses the effectiveness and safety of sublingual immuno-
therapy for allergic rhinoconjunctivitis caused due to Ragweed.

Methods The databases search was done through December 2020. English-language randomized controlled trials were
included if they compared sublingual immunotherapy with placebo, pharmacotherapy, or other sublingual immunotherapy
regimens, and reported clinical outcomes. The strength of the evidence for each comparison and outcome was graded based
on the risk of bias, consistency, magnitude of effect, and the directness of the evidence.

Results The searches performed according to the protocol identified 134 abstracts of which 67 were duplicates. A total of 37
full papers were therefore reviewed of which 5 were included for the final study. Participants’ ages ranged from 4 to 58 years.
The risk of bias was low in most studies. The review suggests that sublingual immunotherapy improves rhinoconjunctivitis
symptoms, with 4 of 4 studies reporting efficacy showed improvement in the symptom score of SLIT groups compared to
placebo. Local reactions were frequent, but anaphylaxis was not reported in any of the studies. Serious adverse events were
very few in all the studies.

Conclusions The overall evidence showed the effectiveness of sublingual immunotherapy for the treatment of allergic
rhinoconjunctivitis with or without asthma, but high-quality studies are still needed to answer questions regarding optimal
dosing strategies.

Keywords Allergic rhinoconjunctivitis - Sublingual immunotherapy - Ragweed allergy

Abbreviations DMS Daily medication score
ARC Allergic rhinoconjunctivitis AE Adpverse effects
AR/C Allergic rhinitis, with or without
conjunctivitis
SLIT Sublingual immunotherapy Introduction
PRISMA Preferred reporting items for systematic
reviews and meta-analyses Allergic rhinoconjunctivitis (ARC) is an allergic disorder
PROSPERO Prospective register of systematic review of the nose and eyes, resulting in a chronic, mostly eosino-
RCT Randomized controlled trials philic, inflammation of the nasal mucosa and conjunctiva
TCS Total combined symptom and medication [1, 2]. The disease is triggered by exposure to seasonal
score and/or perennial allergens and, depending on the nature of
DSS Daily symptom score the allergenic trigger(s) and patterns of exposure, symp-
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toms may be intermittent, persistent or persistent with
intermittent exacerbations [3]. Allergic rhinitis, with or
without conjunctivitis (AR/C), is one of the most prevalent
allergic diseases affecting around a fifth of the general
population [1, 4]. Allergic rhinitis is typically character-
ized by symptoms of nasal obstruction, a watery nasal
discharge, sneezing, and itching, and there is often (but
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not invariably) involvement of the conjunctiva (allergic
conjunctivitis), which manifests with itching, injection,
and tearing. Furthermore, allergic rhinitis is a risk factor
for the development of asthma [5].

Ragweed (Ambrosia artemisiifolia) is a weed that belongs
to the Asteraceae family. It is a small annual weed with a
peculiar bloom. More than 30 species exist worldwide. A.
artemisiifolia is a weed that originates from North America
and also effects parts of Europe [6]. From a clinical point
of view, ragweed pollen can cause allergic rhinoconjuncti-
vitis. Approximately 25% to 40% of patients with ragweed
pollen-induced allergic rhinitis with or without conjuncti-
vitis (AR/C) have comorbid asthma, [7, 8] and a direct link
between asthma exacerbations and peak ragweed pollen
levels has been made in some regions of the United States
[9, 10].

Allergy immunotherapy is a treatment option for ARC
that has long-lasting disease-modifying and preventive
effects [11]. Sublingual immunotherapy (SLIT) represents
a mode of treatment that is safe, convenient, and effective
treatment modality for the management of allergic respira-
tory disease [12]. SLIT tablets allows for daily at-home
administration. The convenience of at-home administra-
tion and the avoidance of repeat injections may make SLIT
tablets an appealing alternative to subcutaneous immuno-
therapy, particularly for children [13]. Sublingual immuno-
therapy involves placement of the allergen under the tongue
for local absorption to desensitize the allergic individual
over an extended treatment period to diminish allergic symp-
toms [14]. Hence, this study was done with the following
objectives:

e To determine the efficacy of ragweed Sublingual immu-
notherapy (SLIT) tablets for the treatment of allergic
rhinoconjunctivitis.

e To determine the safety of ragweed Sublingual immuno-
therapy (SLIT) tablets in the treatment of allergic rhino-
conjunctivitis.

Materials and methods
Design and registration

This was a systematic review and meta-analysis of experi-
mental studies. We followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
checklist for reporting systematic reviews incorporating
meta-analyses for reporting our review [16]. The study pro-
tocol was registered on “prospective register of systematic
review (PROSPERO)”. PROSPERO (Registration Number:
CRD42021228544).
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Eligibility criteria
Type of participants/population

Study population included persons of any age or sex with a
history of allergic rhinoconjunctivitis with/without asthma
caused due to the Ragweed allergen. Trials dealing with
asthma alone were excluded. Individuals had to have no
other clinically relevant allergen sensitivities.

Intervention

Sublingual immunotherapy (SLIT) tablets or immunother-
apy delivered by the sublingual route at all doses and all
durations of treatment.

Control

Comparator group included placebo treatment or any other
alternative intervention.

Types of study included

The review included all types of experimental studies,
including randomized controlled trials (RCTs) and con-
trolled clinical trials, mainly phase II and above.

Outcome measures
The primary end point was symptom scores recorded.

e The average total combined symptom and medication
score (TCS), which is the sum of the average rhinocon-
junctivitis daily symptom score (DSS) and average rhi-
noconjunctivitis daily medication score (DMS)

Additional outcome(s)

Adverse events.

Other inclusion criteria

1. Only those studies published in English language,
academic peer-reviewed journals were included in the
review.

2. The studies with good supporting evidence, such as
details of databases searched, sound methodological
background with qualitative assessment of the included
study were included in our systematic review.
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3. Only with full-text availability.
Other exclusion criteria

1. Studies with no comparison group, but only single group
were excluded from the study.

2. Secondary analyses or pooled analysis, narrative
reviews, scoping reviews, any discussions of literature,
and systematic review without good theoretical or meth-
odological background were excluded.

Searches

Only those studies published in the English language, aca-
demic peer-reviewed journals published were included in
the review. A systematic literature search was performed in
PubMed, Embase, Cochrane Library, and clinical trial.gov
through March 2021 in the English language. A literature
search was carried out by two independent authors using
a structured search strategy (Table 1). In the first step, free
text searching of the keywords and their synonyms was done
using appropriate truncations, wildcards, and proximity
searching. Search also was conducted for key concepts using
corresponding subject headings in each database. The final
search was carried out by combining the individual search
results using appropriate Boolean operators. The searches
were complemented by screening the references of selected
articles to find those that did not appear in the search data-
bases. Additional references were obtained from a simple
Google search.

Data extraction (selection and coding)

All the citations along with the title and abstract retrieved
using the search strategy were imported to a specified endnote
library and final list of studies were screened for inclusion in
the study and were prepared by removing the duplicates. Two
researchers carefully screened the title and abstracts to shortlist
the studies which were likely to satisfy the inclusion criteria
of the review. Any disagreement between them over the eli-
gibility of particular studies was resolved through discussion
with a third researcher. Attempts were made to obtain full-text
articles for all these shortlisted studies, and thorough assess-
ment was done for the satisfaction of inclusion and exclusion
criteria. Studies not satisfying inclusion criteria were excluded
further. The list of excluded studies and the reasons for exclu-
sion were presented in the “characteristics of excluded stud-
ies” table. “PRISMA flow chart” was used to clearly represent
the screening and selection process. Data were extracted from
included studies manually on to a structured data extrac-
tion form, which was developed and pilot tested using the
“Cochrane Consumers and Communication Review Group”

Data Extraction Template. Attempts were made to obtain all
the relevant missing data by contacting the primary authors.

Risk-of-bias (quality) assessment

Methodological quality of included studies was assessed for all
individual elements of RCTs, including randomization, alloca-
tion concealment, blinding, selective outcome reporting, and
completeness of the data. Attempt was made to evaluate the
possibility of reporting bias by comparing the final study with
the study protocol. Fixed- and random-effects estimate was
compared to assess the role of small sample bias and random-
effects estimate was presented in the presence of it. If a suf-
ficient number of studies are available, funnel plots were made
to explore the role of reporting bias further.

Strategy for data synthesis

We assessed the included studies for methodological hetero-
genicity with respect to PICOST components of the study. The
demographic composition and severity of the disease condition
was considered as important population characteristics. The
dosage and schedule of primary intervention, nature, dosage,
and duration of the supportive interventions was considered.
The outcomes and methods used for their assessment, timing
of their assessment, and study design features were evaluated.

The results were summarized by meta-analysis in the
absence of substantial methodological heterogenicity; else,
a qualitative synthesis was performed. Each outcome was
combined and calculated using the statistical software R
according to the statistical guidelines referenced in the
current version of the Cochrane Handbook for Systematic
Reviews of Interventions. Chi-square test with 0.1 signifi-
cance level and I statistic was used to assess the statistical
heterogenicity. Attempts were made to explain the source
heterogenicity by subgroup analysis or sensitivity analysis.
Fixed- or random-effects model was chosen based on the
level of heterogenicity.

Treatment effect was summarized by pooled relative risk
(RR) with 95% CI for dichotomous outcomes. For continu-
ous outcomes, weighted mean differences (with 95% CI) or
standardized mean differences (95% CI) if different meas-
urement scales were used. Skewed data and non-quantita-
tive data were presented descriptively. All the studies were
assessed for consistency with respect to unit of randomiza-
tion and unit of analysis.

Results
The searches performed according to the protocol iden-

tified 134 abstracts (PUBMED =26, EMBASE =72,
COCHRANE =32, CLINICALTRIAL.GOV =6), of
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Table 1 Search strategy
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Sl no

PubMed

#1: ("Ambrosia"[Mesh]) OR "ragweed pollen" [Supplementary Con-
cept] 883

#2: (((("ragweed"[Title/Abstract]) OR ("ragweed allergy"[Title/
Abstract])) OR ("ragweeds"[Title/Abstract])) OR ("ambrosia"[Title/
Abstract])) OR ("ambrosia allergen"[Title/Abstract]) 3,238

#3: "Sublingual Immunotherapy"[Mesh]
516

#4: ((("sublingual immunotherapy"[Title/Abstract]) OR ("sublingual
immunotherapies"[Title/Abstract])) OR ("slit"[ Title/Abstract]))
19,711

#5: (immunotherap* OR desensiti*ation) AND (sublingual)
2,171

#6: "rhinoconjunctivitis"[Title/Abstract] 2,544

#7: (((immunotherap* OR desensiti*ation) AND (sublingual)) OR
(((("sublingual immunotherapy"[Title/Abstract]) OR ("sublingual
immunotherapies"[Title/Abstract])) OR ("slit"[Title/Abstract])))) OR
("Sublingual Immunotherapy"[Mesh]) 20,137

#8: (((("ragweed"[Title/Abstract]) OR ("ragweed allergy"[Title/
Abstract])) OR ("ragweeds"[Title/Abstract])) OR ("ambrosia"[Title/
Abstract])) OR ("ambrosia allergen"[Title/Abstract])) OR
(("Ambrosia"[Mesh]) OR "ragweed pollen" [Supplementary Con-
cept]) 3,306

#9: ((((((("ragweed"[Title/ Abstract]) OR ("ragweed allergy"[Title/
Abstract])) OR ("ragweeds"[Title/Abstract])) OR ("ambrosia"[Title/
Abstract])) OR ("ambrosia allergen"[Title/Abstract])) OR
(("Ambrosia"[Mesh]) OR "ragweed pollen" [Supplementary Con-
cept])) AND ((((immunotherap* OR desensiti*ation) AND (sub-
lingual)) OR (((("sublingual immunotherapy"[Title/Abstract]) OR
("sublingual immunotherapies"[Title/Abstract])) OR ("slit"[Title/
Abstract])))) OR ("Sublingual Immunotherapy"[Mesh]))) AND
("rhinoconjunctivitis"[Title/Abstract]) 26

Embase

#1 'ragweed allergy'/exp OR 'ragweed allergy'/de OR 'ragweed pol-
len'/exp OR 'ragweed pollen'/de OR 'ragweed'/exp OR 'ragweed'/
de 3,037

#2: ragweed:ti,ab,kw 3,667
#3:'ragweed allergy':ti,ab,kw 172

#4: ambrosia:ti,ab,kw 1,338

#5: #1 OR #2 OR #3 OR # 44,973

#6: 'sublingual immunotherapy':ti,ab,kw 2,788
#7: slit AND tablets 352

#8:(immunotherap* OR desensiti*ation) AND sublingual
4,644

#9: #6 OR #7 OR # 84,704

#10: 'rhinoconjunctivitis'/exp OR 'rhinoconjunctivitis'/de
4,519

#11: 'rhinoconjunctivitis':ti,ab 4,225
#12: rhino AND conjunctivitis 532
#13: #10 OR #11 OR #12 6,251

#14: #5 AND #9 AND #13 70
Cochrane
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Table 1 (continued) Sl no

PubMed

#1MeSH descriptor: [Ambrosia] explode all trees48
#2("Ambrosia"):ti,ab,kw81

#3(ragweed allergy):ti,ab,kw195
#4(ragweed):ti,ab,kw577

#5(ragweed pollen):ti,ab,kw322

#6#1 OR #2 OR #3 OR #4 OR #5591

#7MeSH descriptor: [Sublingual Immunotherapy] explode all trees100
#3(sublingual immunotherapy):ti,ab,kw1119
#9(SLIT tablets):ti,ab,kw171

#10#7 OR #8 OR #91,148
#11(rhinoconjunctivitis):ti,ab,kw1626

#12#6 AND #10 AND #1132

Clinical trial.gov

Sublingual Immunotherapy | Ragweed Allergy
6 studies

which 67 were duplicates. Out of the 86 articles, 49 s were
immediately considered unsuitable for inclusion (review
articles, descriptive studies, and other routes of allergen
administration). A total of 37 full papers were therefore
reviewed of which 5 were included for the final study

(Fig. 1).

Description of studies

Five studies were therefore included in this analysis. The
methods, participants, interventions, dose, and duration of
the included studies are listed in the table of characteristics
of included studies. One study was done both in adults and
children [14]. Three studies were conducted in adults [12,
15, 16]. and one in children [13]. Two studies administered
the drug as tablets and 3 others as droplets (Table 2). It was
earlier determined that we would conduct a meta-analysis.
However, the study population, mode of administration of
drug, drug dosage, and also the duration of treatment given
differed in all the studies. Hence, only narrative review was
done. Moreover, Nayak A. S et al. [16] conducted only safety
analysis.

Methodological quality of included studies

All included studies were double-blind placebo-controlled
trials of parallel group design. Concealment of treatment
allocation was considered adequate in almost all studies—
based on statements made by the original authors. Blinding
of study subjects and investigators was almost universally
maintained by use of identical placebo preparations. It
should, however, be noted that most investigators reported
high levels of minor oral side effects (tingling, itching, and
swelling beneath the tongue) in actively treated subjects
(Table 3).

Symptom scores

All of the included studies reported daily symptom scores
(DSS), recorded in patient diaries, as a primary outcome
measure. A few studies also reported daily medication score
(DMS) and total combined score (TCS). Data obtained in
this way were expressed in terms of mean and SD. One study
by Nayak A. S. et al. [16] conducted only safety analysis and
was therefore excluded from the analysis. All the studies
reported the symptoms throughout the year, whereas Bowen
T. et al. [17] reported the symptoms only in peak season
(Table 4).

Safety

The safety data were reported in all studies and are summa-
rized in Table 5. Most adverse events were mild-to-moderate
in nature. The severe events in the included studies were
very less. The most common AEs were localized pruritus,
nasal irritation, throat irritation, and oronasal adverse events.
Nausea was observed more frequently in the treatment
group. Only Nolte H. et al. [13] reported hypersensitivity
in two patients. However, anaphylaxis was not observed in
any of the studies.

Discussion

The effectiveness of SLIT on allergic rhinitis, allergic rhi-
noconjunctivitis, and asthma has been evaluated previously
in a number of systematic reviews [5, 14, 18-20]. These
systematic reviews demonstrate its effectiveness for grass
mix, tree mix, pollen, house dust mite, or multiple allergens
driven allergens. There are also some data that suggest that
SLIT may prevent the development of asthma [21, 22]. SLIT
has been shown to be a safe treatment in many clinical trials
and post-marketing surveys both in adults and in children,
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PRISMA 2009 Flow Diagram

Full-text articles excluded, with

e Conference abstract- 15
Did not match the objectives-17

Fig. 1 PRISMA 2009 Flow Diagram

as well as in pre-school aged children [23-25]. Hence, we
wanted to determine if SLIT is sufficient for controlling rag-
weed allergy alone in allergic rhinoconjunctivitis with or
without asthma.

A total of 5 studies were included in this systematic
review. Four of the five studies determined the efficacy of
the ragweed SLIT tablets. Most studies had a low risk of
bias, and a few studies had limited information on the rand-
omization and blinding. However, on the overall, the studies
had a low risk of bias with good study design. The meta-
analyses could not be performed due to heterogenicity in
the study population, mode of administration of drug, drug
dosage, and also the duration of treatment. Bowen et al. [17]
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had the highest dosage administered from 116 ug of Amb
a 1, with the objective of reaching 314 pg of Amb a 1 daily
maintenance therapy, both in children and adults. In adults,
the dosing by Skoner D. et al. [15] ranged from 4.8 to 48 pg
Amb a 1/d and 18 pg Amb a 1 to 50 pg Amb a 1 by Creticos
P. S. et al. [12] in children the dose of 12 ug Amb a 1 was
maintained by Nolte H. et al. [13]; hence, the dosage ranged
from 4.8 ug Amb a 1 to 314 ug Amb a 1/day. However, it
was seen that the direction of all the study results was in
favour of the intervention. Additionally, two studies found an
increase in efficacy of the drugs with an increase in dosage.
However, the dose—response relationship must be further
studied and discussed.
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Table 2 Characteristics of included studies
Slno Author/date Experimental ~ Placebo Study popula- ~ Asthma diagno- Dose received  Duration Mode of
N(M/F) N(M/F) tion sis, no. (%) administration
1 Bowen T.etal. 37(23/14) 39(22/17) Pediatric and Placebo: 6 Daily dose of 17 days Drops
[17] (2004) adult patients (15.4) 0.5 to 300
(6-58 years)  Experimental: 9 IR (index
(24.3) of reactivity
dosage) i.e.
10-, 100-, and
300-IR/mL
concentration
2 Skoner D. et al. Medium dose ~ 40(19/21) Adults 18-50  Placebo: 3 (7.5) medium-dose 17 +3 weeks Drops
[15] (2010) 39(10/29) Experimental: 3 extract
High dose (71.7) (4.8 pg Amb
36(12/24) a1/d;n 5 39),
or high-dose
extract (48 pg
Amb a 1/d; n
536)
3 Nayak A. S. 40(19/21) 13(7/6) Adults Placebo: 2 (15) Six dose 28 days Tablets
etal. [16] 18-50 years ~ Experimen- groups were
(2012) tal:5(13) planned: 3,
6, 12,24, 50,
and 100 pg
Ambal
4 Creticos P. S. 218(91/127) 211(94/117) Adults Placebo: 19 18 ug Ambal 8-16 weeks Liquid extract
etal. [12] 18-55 years 9.0) or approxi-
(2014) Experimental: mately 50 pg
17 (7.8) Ambal)
5 Nolte H. et al. 512(324/188) 510(319/191)  Children Placebo: 217 12 Amb a 28 weeks Tablets
[13](2020) 4-17 years (42.5) 1-Unit dose
Experimental:
219 (42.8)
Table 3 Risk of assessment of bias
Study Random Allocation  Blinding of Blinding of Incomplete Selective  Other bias
sequence conceal- participants and outcome assess- outcome data reporting
generation ment personnel ment assessments
1 Bowen T. et al. [17] Low Unknown Low Unknown Unknown Low Low
(2004)
2 Skoner D. et al. [15] Low Low Low Unknown Low Low Low
(2010)
3 Nayak A. S. et al. [16] Low Low Low Unclear Low Low Low
(2012)
4 Creticos P. S. et al. [12] Low Low Low Unclear Low Low Low
(2014)
5 Nolte H. et al. [13] Low Low Low Unclear Low Low Low
(2020)

The duration of the studies ranged from 17 days to
28 weeks. Currently, the EMA currently recommends an
experimental, randomized, controlled design involving
3 years of therapy with a 2 year follow-up period off treat-
ment [1]. All included studies evaluated the efficacy of
SLIT follow participants for less than 1 year on therapy.

A few studies have demonstrated benefit with SLIT-tablet
grass pollen therapy for more than 3 years. [26, 27] It is
recommended to conduct a long-term study with respect
to ragweed immunotherapy to determine the efficacy of the
SLIT tablet to control ragweed allergy.
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Table 4 Effect of SLIT in allergic rhinoconjunctivitis

S no

Author/date

Season

Daily symptom score

Daily medication score

Combined score
(Mean +SD)

Bowen T. et al. [17] (2004) Peak season

2 Skoner D. et al. [15] (2010) Peak season
Entire pollen season
3 Creticos P. S. et al. [12] Peak season

(2014)

Entire pollen season

Total rhinitis score
Placebo group: 5.03+2.54
Treatment group:
3.95+2.45
Total conjunctivitis score
Placebo group: 2.38 +1.92
Treatment group:
1.96+1.90
Placebo group: 1.24 +2.88
Medium dose: 0.74 +1.95
High dose: 0.53 +1.35
Placebo group: 1.00+2.30
Medium dose: 0.46 +1.40
High dose: 0.19+1.16
Placebo group: 2.02 +3.20
Treatment group:
1.17£2.10

Placebo group: 1.44+2.40

Placebo group: 1.26 +1.24
Treatment group:
1.05+1.60

Placebo group: 1.01 +2.07
Medium dose: 0.40+1.35
High dose: 0.28 +0.70
Placebo group: 0.63 +1.06
Medium dose: 0.16 +0.92
High dose: 0.0003 + 1.64

Placebo group: 2.25 +4.25
Medium dose: 1.14+3.03
High dose: 0.81+1.74

Placebo group: 1.63 +2.99

Medium dose: 0.63 +2.02

High dose: 0.19 £2.32

Placebo group: 1.90+3.01

Treatment group:
1.12+1.99

Placebo group: 1.37 +2.29

Treatment group:

0.82+1.64
4 Nolte H. et al. [13] (2020)  Peak season

(3.63-4.26)

Treatment group: 2.55

(2.24-2.86)

Entire pollen season
(3.00-3.52)

Treatment group: 2.27

(2.01-2.53)

Placebo group: 3.95

Placebo group: 3.26

Treatment group:

0.79+1.56
Placebo group: 3.85 Placebo group: 7.12
(3.14-4.57) (6.57-7.67)
Treatment group: 2.01 Treatment group: 4.39
(1.57-2.46) (3.854.94)
Placebo group: 2.48 Placebo group: 5.75
(2.22-2.73) (5.30-6.20)
Treatment group: 1.61 Treatment group: 3.88
(1.36-1.86) (3.44-4.33)

No serious intraoperative or postoperative complications
were observed in any of the studies. The known side effects
were mild in nature. The safety outcomes were however not
consistent throughout the included studies. SLIT has been
shown to be a safe treatment in many clinical trials and post-
marketing survey both in adults and in children, as well as in
pre-school aged children, in children with allergic rhinitis or
controlled asthma. [23, 28, 29] Mild local adverse reactions
were commonly reported in all the studies. They disappear
within a few days of treatment. The well-known adverse
events of SLIT mainly consist of oral itching or swelling,
lip edema, throat pruritus, and nausea. They are easily con-
tained by transitorily diminishing the dose or antihistamine
premedication for several weeks. Systemic reactions and
asthma exacerbations were very uncommon, while anaphy-
laxis had not been reported in any of the studies.

In the present study, co-existing asthma was seen in all
the studies. Co-existing asthma has no impact on the effi-
cacy of SLIT for ARC and may also lead to improvement
in asthma. Relative reductions in asthma symptom score,
SABA use, and nocturnal awakenings due to asthma symp-
toms were observed with ragweed SLIT-tablet treatment
compared with placebo in the study by Nolte H. et al. [13];
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also, in the same study, the safety profile in children with
asthma was comparable to that in children without asthma.
None of the other included study studied the effect of SLIT
tablets on asthma patients. SLIT has been found to be gener-
ally effective in treatment of patients with house dust mite
and grass pollen allergies, but studies are lacking for other
allergens [30]. However, the uncontrolled or severe asthma
was definitely considered to be an absolute contraindication
to AIT in the previous literature [31-34].

Limitations

1. The key limitation of the review is that the studies con-
ducted on Ragweed allergy SLIT tablets is very limited
compared to the other allergen.

2. There is a huge heterogenicity in the baseline charac-
teristics of the intervention and control groups in the
included studies.

3. The sample size determination has not been mentioned
in any of the studies. Moreover, a few studies had small
number of subjects and short duration of treatment,
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Table 5 Sublingual immunotherapy safety summary of studies reporting adverse events (continued)

Overall AEs Severe AEs Nasopharyn-

Sinus/nasal Oromucosal

Throat irrita-  Ear pruritus Skin pruritis Eye pruritis

gitis congestion (edema/pain  tion
pruritus)
Bowen T.
et al.
Placebo 16 (40%) O
Experimen-  30(70%) O
tal
Skoner D.
etal.
Placebo 29 (73%) 3 0
Medium 25 (64%) 13%
dose
High dose 20 (56%) 8 11%
Nayak A. S.
et al.
Placebo 7(54%) O 1(8) 0 0 1(8) 0 8 (20)
Experimen- 34 (85%) 3 (8) 4(10) 25 (63) 4 (10) 11 (28) 2(5) 1(8)
tal
Creticos P. S.
et al.
Placebo 105 (44%) 6(3) 94 10 (5) 502) 1(0.5) 8 (4)
Experimen- 93 (48)% 2(1) 12 (6) 4(2) 22 (10) 4(2) 10 (5)
tal
Nolte H. et al.
Placebo 338 (65.9%) 8 (1.6) 75 (14.7) 92 (18.1) 32 (6.3)
Experimen- 160 (31.4%) 56 (10.9) 304 (59.3) 249 (48.5) 174 (33.9
tal
which make it difficult for rare AEs or problems associ- Conclusions

ated with long-term use to be detected.

4. The greater incidence of AEs with active treatment may
have caused some subjects and investigators to guess
treatment assignment despite double blinding, thus pos-
sibly influencing perceived tolerability.

5. Another potential limitation of the trial was that the
number of ragweed pollens in the particular region and
the presence of other pollens or allergens could have
impacted the results or the randomization at done at the
baseline.

Despite these limitations and the fact that the data could
not be pooled to arrive at an overall estimate, it could
be said that the direction of the effect was favoring the
intervention group compared to placebo. It could be sum-
marized that the findings of the current study indicate that
short ragweed pollen allergenic extract administered by
sublingual swallow is safe and shows potential as an effec-
tive therapy in adults with rhinoconjunctivitis caused by
ragweed pollen.

The overall evidence.

Based on the results of this systematic review, it can be
concluded that there is evidence in the literature show-
ing the effectiveness of sublingual immunotherapy for the
treatment of allergic rhinoconjunctivitis with or without
asthma, but high-quality studies are still needed to answer
questions regarding optimal dosing strategies.

Recommendations

1. Large-scale, scientifically designed Randomized Con-
trolled Trails are needed to generate better quality evi-
dence regarding the efficacy of SLIT tablets on ragweed
allergic rhinoconjunctivitis.

2. Considering the limited availability of studies from
selected countries of Europe and USA, with wide cul-
tural variations, there is a need to undertake interven-
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tional studies in these settings, to identify region-specific
outcomes.

More importance must be given to the dose—response
relationship in children as well as adults.

The long-term effect of ragweed allergies must be stud-
ied.

Acknowledgements We acknowledge the technical support in data
entry, analysis, and manuscript editing by “Evidencian Research
Associates.”

Funding The project was self-funded. No external agency had funded
the project.

Declarations

Conflict of interest The authors declare no conflicts of interest.

References

10.

11.

12.

Roberts G, Pfaar O, Akdis C, Ansotegui I, Durham S, van Ger-
thWijk R et al (2018) EAACI guidelines on allergen immuno-
therapy: allergic rhinoconjunctivitis. Allergy 73(4):765-798
Greiner AN, Hellings PW, Rotiroti G, Scadding GK (2011) Aller-
gic rhinitis. Lancet 378(9809):2112-2122

Nurmatov U, Dhami S, Arasi S, Roberts G, Pfaar O, Muraro A
et al (2017) Allergen immunotherapy for allergic rhinoconjunc-
tivitis: a systematic overview of systematic reviews. Clin Transl
Allergy 7(1):24

Singh K, Axelrod S, Bielory L (2010) The epidemiology of ocular
and nasal allergy in the United States, 1988-1994. J Allergy Clin
Immunol 126(4):778-83.e6

Dhami S, Nurmatov U, Arasi S, Khan T, Asaria M, Zaman H et al
(2017) Allergen immunotherapy for allergic rhinoconjunctivitis: a
systematic review and meta-analysis. Allergy 72(11):1597-1631
Ariano R, Berra D, Chiodini E, Ortolani V, Cremonte LG, Maz-
zarello MG et al (2015) Ragweed allergy: pollen count and sen-
sitization and allergy prevalence in two italian allergy centers.
Allergy Rhinol 6(3):ar.2015.6.0141

Tosi A, Bonini M, Wiithrich B, Pietragalla-Kohler B (2011)
Time lag between Ambrosia sensitisation and Ambrosia allergy:
a 20-year study (1989-2008) in Legnano, northern Italy. Swiss
Med Wkly. https://doi.org/10.4414/smw.2011.13253

Dechamp C, Le Gal M, Deviller P (1995) Prevalence of ragweed
hayfever in the south and east of the greater Lyon region in 1993.
Allergie et Immunol 27(9):320

Im W, Schneider D (2005) Effect of weed pollen on children’s hos-
pital admissions for asthma during the fall season. Arch Environ
Occup Health 60(5):257-265

Zhong W, Levin L, Reponen T, Hershey GK, Adhikari A, Shukla
R et al (2006) Analysis of short-term influences of ambient aer-
oallergens on pediatric asthma hospital visits. Sci Total Environ
370(2-3):330-336

Canonica GW, Cox L, Pawankar R, Baena-Cagnani CE, Blaiss M,
Bonini S et al (2014) Sublingual immunotherapy: World Allergy
Organization position paper 2013 update. World Allergy Organ J
7(1):6

Creticos PS, Esch RE, Couroux P, Gentile D, D’Angelo P,
Whitlow B et al (2014) Randomized, double-blind, placebo-
controlled trial of standardized ragweed sublingual-liquid

@ Springer

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

immunotherapy for allergic rhinoconjunctivitis. J Allergy Clin
Immunol 133(3):751-758

Nolte H, Bernstein DI, Nelson HS, Ellis AK, Kleine-Tebbe J,
Lu S (2020) Efficacy and safety of ragweed SLIT-Tablet in chil-
dren with allergic rhinoconjunctivitis in a randomized, placebo-
controlled trial. J Allergy Clin Immunol Pract 8(7):2322-31.e5
Lin SY, Erekosima N, Kim JM, Ramanathan M, Suarez-Cuervo
C, Chelladurai Y et al (2013) Sublingual immunotherapy for the
treatment of allergic rhinoconjunctivitis and asthma: a system-
atic review. JAMA 309(12):1278-1288

Skoner D, Gentile D, Bush R, Fasano MB, McLaughlin A, Esch
RE (2010) Sublingual immunotherapy in patients with allergic
rhinoconjunctivitis caused by ragweed pollen. J Allergy Clin
Immunol 125(3):660-6-6.e1-6.e4

Nayak AS, Atiee GJ, Dige E, Maloney J, Nolte H (2012)
Safety of ragweed sublingual allergy immunotherapy tablets in
adults with allergic rhinoconjunctivitis. Allergy Asthma Proc
33(5):404-410

Bowen T, Greenbaum J, Charbonneau Y, Hebert J, Filderman
R, Sussman G et al (2004) Canadian trial of sublingual swallow
immunotherapy for ragweed rhinoconjunctivitis. Ann Allergy
Asthma Immunol 93(5):425-430

Radulovic S, Wilson D, Calderon M, Durham S (2011) Sys-
tematic reviews of sublingual immunotherapy (SLIT). Allergy
66(6):740-752

Wilson DR, Lima MT, Durham SR (2005) Sublingual immuno-
therapy for allergic rhinitis: systematic review and meta-analysis.
Allergy 60(1):4-12

Dretzke J, Meadows A, Novielli N, Huissoon A, Fry-Smith A,
Meads C (2013) Subcutaneous and sublingual immunotherapy for
seasonal allergic rhinitis: a systematic review and indirect com-
parison. J Allergy Clin Immunol 131(5):1361-1366

Novembre E, Galli E, Landi F, Caffarelli C, Pifferi M, De Marco
E et al (2004) Coseasonal sublingual immunotherapy reduces the
development of asthma in children with allergic rhinoconjuncti-
vitis. J Allergy Clin Immunol 114(4):851-857

Jacobsen L, Niggemann B, Dreborg S, Ferdousi HA, Halken S,
Hgst A et al (2007) Specific immunotherapy has long-term pre-
ventive effect of seasonal and perennial asthma: 10-year follow-up
on the PAT study. Allergy 62(8):943-948

Rienzo VD, Minelli M, Musarra A, Sambugaro R, Pecora S,
Canonica W et al (2005) Post-marketing survey on the safety of
sublingual immunotherapy in children below the age of 5 years.
Clin Exp Allergy 35(5):560-564

Passalacqua G, Nowak-Wegrzyn A, Canonica GW (2017) Local
side effects of sublingual and oral immunotherapy. J Allergy Clin
Immunol Pract 5(1):13-21

Agostinis F, Tellarini L, Canonica GW, Falagiani P, Passalacqua
G (2005) Safety of sublingual immunotherapy with a monomeric
allergoid in very young children. Allergy 60(1):133
Shah-Hosseini K, Krudewig EM, Hadler M, Karagiannis E,
Mosges R (2017) Management of grass pollen allergy with
5-grass pollen tablet: results of a 2-year real-life study. Adv Ther
34(6):1382-1397

Didier A, Worm M, Horak F, Sussman G, de Beaumont O, Le Gall
M et al (2011) Sustained 3-year efficacy of pre- and coseasonal
5-grass-pollen sublingual immunotherapy tablets in patients with
grass pollen-induced rhinoconjunctivitis. J Allergy Clin Immunol
128(3):559-566

Rodriguez Del Rio P, Vidal C, Just J, Tabar Al, Sanchez-Machin
I, Eberle P et al (2017) The European Survey on Adverse Sys-
temic Reactions in Allergen Immunotherapy (EASSI): a paediatric
assessment. Pediatr Allergy Immunol 28(1):60-70

Passalacqua G, Guerra L, Pasquali M, Lombardi C, Canonica GW
(2004) Efficacy and safety of sublingual immunotherapy. Ann
Allergy Asthma Immunol 93(1):3-12 (quiz -3, 103)


https://doi.org/10.4414/smw.2011.13253

European Archives of Oto-Rhino-Laryngology (2022) 279:2765-2775

2775

30.

31.

32.

33.

Tsabouri S, Mavroudi A, Feketea G, Guibas GV (2017) Subcuta-
neous and sublingual immunotherapy in allergic asthma in chil-
dren. Front Pediatr 5:82

Campo P, Rondén C, Gould HJ, Barrionuevo E, Gevaert P, Blanca
M (2015) Local IgE in non-allergic rhinitis. Clin Exp Allergy
45(5):872-881

Pitsios C, Demoly P, Bilo MB, van GerthWijk R, Pfaar O, Sturm
GJ et al (2015) Clinical contraindications to allergen immuno-
therapy: an EAACI position paper. Allergy 70(8):897-909
Lockey RF, Nicoara-Kasti GL, Theodoropoulos DS, Bukantz SC
(2001) Systemic reactions and fatalities associated with allergen

34.

immunotherapy. Ann Allergy Asthma Immunol 87(1 Suppl
1):47-55

Bernstein DI, Wanner M, Borish L, Liss GM (2004) Twelve-year
survey of fatal reactions to allergen injections and skin testing:
1990-2001. J Allergy Clin Immunol 113(6):1129-1136

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Ragweed sublingual immunotherapy (SLIT) tablets in allergic rhinoconjunctivitis: a systematic review and meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Design and registration
	Eligibility criteria
	Type of participantspopulation
	Intervention
	Control
	Types of study included
	Outcome measures
	Additional outcome(s)

	Other inclusion criteria
	Other exclusion criteria
	Searches
	Data extraction (selection and coding)
	Risk-of-bias (quality) assessment
	Strategy for data synthesis


	Results
	Description of studies
	Methodological quality of included studies
	Symptom scores
	Safety

	Discussion
	Limitations
	Conclusions
	Recommendations
	Acknowledgements 
	References




