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KEYWORDS Abstract

Allergic Background: Allergic rhinoconjunctivitis (ARC) is a common chronic inflammatory disease.
rhinoconjunctivitis; Numerous studies on the treatment of ARC have been published. By contrast, there are few

bibliometric study; bibliometric studies on immunotherapy for ARC. The purpose of this article is to describe the

CiteSpace; current treatments for ARC and to identify the trends in immunotherapy for ARC.

immunotherapy Methods: Publications were searched from the Web of Science (WOS) Core Collection on April

25, 2022. CiteSpace and Microsoft Excel software were used for further bibliometric analysis.
Results: A total of 969 publications on immunotherapy for ARC in English were retrieved. The num-
ber of relevant publications has been continuously increasing over the past 20 years, with many
of the publications coming from Germany and the United States of America. In terms of institu-
tions, the ALK Company in Denmark, Imperial College London in United Kingdom, and Charite-
Universitatsmedizin Berlin in Germany published the most articles on immunotherapy for ARC.
Meanwhile, Allergy and Journal of Allergy and Clinical Immunology published the most number
of studies, and Oliver Pfaar from Germany authored the most number of articles. “Subcutaneous
immunotherapy,” “international consensus,” “allergen immunotherapy,” and “recommendation”
were the most popular subjects. Thus, directions in research can be predicted as studies regard-
ing mechanisms of ARC, clinical trials, and extracts have reported high-quality results.
Conclusion: Over the past 20 years, the overall quality of research on immunotherapy for
ARC has gradually improved, allowing the introduction of specific and targeted treatment.
Currently, the main focus of ARC research is the novel routes of drug delivery and combined
treatment with biological agents.
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Introduction

Allergic rhinoconjunctivitis (ARC) is a common chronic
inflammatory disease' that includes allergic rhinitis (AR)
and allergic conjunctivitis (AC) and affects approximately
20% of the global population. AR is characterized by clin-
ical symptoms, such as nasal congestion, rhinorrhea, par-
oxysmal sneezing, or itching of the nose? and is usually
accompanied by AC, which manifests as itching of the eyes,
conjunctival redness, and swelling.? Patients with ARC
often visit otolaryngology or ophthalmology clinics. ARC
affects the quality of sleep, occupational activities, and
quality of life of patients, with severe ARC increasing the
economic burden on the patients and healthcare systems.

During the past two decades, researchers around the
world have made great advances in the epidemiology, diag-
nosis, and therapy of ARC. Currently, the management of
allergic diseases includes environmental control, immu-
notherapy, and pharmacotherapy. Modern medicine is
effective in the treatment of ARC, but long-term control is
difficult. In 2011, a paper published in The Lancet suggested
that allergen immunotherapy alone has the potential to
alter the natural history of AR.* Allergen immunotherapy,
which can be classified as subcutaneous (SCIT) or sublin-
gual (SLIT), is the only currently available treatment that
may modify the disease by modulating the innate and adap-
tive immune responses of the body.>® In the recent years,
new molecules and biomarkers for allergen immunotherapy
and their combination with biological agents have been the
focus of research.”

There have been numerous reports regarding the patho-
physiology, diagnosis, and treatment of ARC, with many
articles reporting on allergen immunotherapy.®® However,
no bibliometric study focusing on the current knowledge
and trends in the development of immunotherapy for ARC
has been conducted. Bibliometric analysis is a method used
to visually reveal numerous facets and research trends in
a field of study and is widely used to summarize research
hotspots and trends.""

The present study aims to evaluate the literature on
immunotherapy for ARC from 2002 to 2021 and to describe
and reveal trends in the current state of research on ARC.

Material and Methods

Search strategy

Relevant publications on immunotherapy for ARC were
searched from Science Citation Index-Expanded (SCI-
Expanded) in the Web of Science (WOS) Core Collection
on 25 April 2022. The main search terms were “allergic
rhinitis,” “allergic conjunctivitis,” “ARC,” and “immuno-
therapy”. The search strategy was used: ((((TS = (“allergic
rhinitis”)) OR (TS = (“hay fever”))) AND ((TS = (“allergic con-
junctivitis”)) OR (TS = (conjunctivitis)))) OR ((TS = (“allergic
rhinoconjunctivitis”)) OR (TS = (rhinoconjunctivitis)))) AND
TS = (Immunotherapy OR Immunotherapies OR immu-
notherapeutic OR “immunological therapy” OR SLIT OR
SCIT OR “immune therapy”). Restrictions: (1) Languages
(English), (2) Document types (article or review), and
(3) Timespan (2002~2021).

Bibliometric analysis

The searched publications were downloaded, which
included a full record and all cited references and then
imported to Microsoft Excel (2016) and CiteSpace (5.8.R4,
Chaomei Chen, Drexel University, Philadelphia, PA, USA)
for further analysis. Microsoft Excel was used to draw the
line graph for showing the trend of published articles by
year. Visualization analysis including annual publications,
authors, institutions and countries, keywords, and key-
words with the strongest citation bursts were carried out
by CiteSpace. The parameters of CiteSpace were as fol-
lows: time span (2002~2021), year of slice (1 year), selec-
tion criteria (Top 50), and visualization (cluster view-static
and show-merged network).

Ethical approval

Ethical approval was not applicable in the present study.

Results
Annual publications

A total of 969 publications on immunotherapy for ARC in
English published between 2002 and 2021 were retrieved,
including 727 articles and 242 reviews. The line graph
shows that the number of publications related to immuno-
therapy for ARC over the past 20 years has increased and
has a steady growth rate (Figure 1A). The annual trend in
the number of publications associated with immunother-
apy for ARC per country is shown in Figure 1B. Notably, the
number of published studies from 2011 to 2018 remarkably
increased from previous years.

Analysis of countries/regions and institutions

From 2002 to 2021, there were 969 publications from
72 countries and 321 cooperations on ARC (Figure 2). As
shown in Table 1, the countries with the most number of
publications were Germany (n = 215, centrality = 0.11), the
United States (n = 213, centrality = 0.06), and Italy (n = 129,
centrality = 0.13). Additionally, among all countries, less
than half published more than 10 papers. Notably, exten-
sive cooperation between several countries/regions was
also observed (Figure 2A).

The CiteSpace software was used to analyze 544 insti-
tutions that published studies on immunotherapy for ARC
(Figure 2B); 6.07% published more than nine papers, and
14.89% published more than four papers. Table 2 shows
the institutions with the most number of studies pub-
lished from 2002 to 2021. The ALK Company in Denmark
(n = 90, centrality = 0.19), Imperial College London in the
United Kingdom (n = 61, centrality = 0.07), and Charite-
Universitatsmedizin Berlin in Germany (n = 53, central-
ity = 0.21) were the institutions with the most number of
studies published. Additionally, 10 institutions published
416 studies, accounting for 42.93% of the 969 publica-
tions from 2002 to 2021; four of these institutions are in
Germany.
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Figure 1 (A) Annual number of studies on immunotherapy for ARC published from 2012 to 2021. (B) Annual number of studies on

immunotherapy for ARC per country published from 2012 to 2021.
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Figure 2 (A) Cooperation map of countries involved in research on immunotherapy for ARC. (B) Network map of the institutions
involved in research on immunotherapy for ARC.
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Table 1 Top 10 countries with the most publications from
2002 to 2021.

Rank Country Counts Centrality
1 GERMANY 215 0.11

2 USA 213 0.06

3 ITALY 129 0.13

4 UK 126 0.03

5 DENMARK 105 0.15

6 SPAIN 95 0.05

7 FRANCE 94 0.02

8 AUSTRIA 75 0.09

9 PEOPLES R CHINA 54 0

10 CANADA 53 0.04

Table 2 Top 10 institutions with the most publications
from 2002 to 2021.

No. Institution Country Counts Centrality

1 ALK Denmark 90 0.19
(ALK Company)

2 Imperial Coll London UK 61 0.07

(Imperial College London)
3 Charite Univ Med Berlin
(Charite-
Universitatsmedizin
Berlin)
4 Ctr Rhinol & Allergol
(Centre of Rhinology &
Allergology, Wiesbaden)
5 Univ Genoa Italy 39 0.15
(University of Genoa)
6  Univ Cologne
(University of Cologne)
7  Heidelberg Univ
(Heidelberg University)
8 Med Univ Vienna
(Medical University of

Germany 53 0.21

Germany 43 0.04

Germany 31 0.05
Germany 28 0.02

Austria 26 0.04

Vienna)
9  Johns Hopkins Univ USA 23 0.05
(Johns Hopkins University)
10 Merck & Co Inc USA 22 0.01
(Merck Company)

Analysis of journals and co-cited journals

The 969 articles were published in 213 different journals.
Table 3 shows the 10 journals and co-cited journals that
published the most number of studies on immunotherapy
for ARC during the past 20 years. Among them, Allergy
(n = 116), Journal of Allergy and Clinical Immunology
(n = 83), Clinical and Experimental Allergy (n = 52), Annals
of Allergy and Asthma Immunology (n = 45), and Current
Opinion in Allergy and Clinical Immunology (n = 38) pub-
lished the most number of studies, with Allergy having the
highest Impact Fact (IF) of 13.146.

The most frequently co-cited journal was the Journal
of Allergy and Clinical Immunology (927 citations), followed
by Allergy (909 citations) and Clinical and Experimental
Allergy (752 citations). Among the most co-cited jour-
nals, New England Journal of Medicine had the highest IF
of 91.245. As shown in Figure 3, there were active mutual
relationships between these journals.

The dual-map overlay of journals demonstrates the
topic distribution of the journals (Figure 4). The mapping
identifies three colored citation pathways: two green cita-
tion paths suggested that studies from molecular/biology/
genetics journals and health/nursing/medicine journals
were frequently cited in studies from medicine/medical/
clinical journals, whereas the orange path suggested that
studies from molecular/biological/genetics journals were
frequently cited from studies in molecular/biological/
immunology journals.

Analysis of authors and co-cited authors

Authors who wrote the most number of studies as well as
the most cited authors are listed in Table 4, and the author
and co-cited author network are shown in Figure 5. The
authors who wrote the most number of studies on immuno-
therapy for ARC were Oliver Pfaar (n = 67), Ludger Klimek
(n = 47), and Ralph Mosges (n = 38), who were all from
Germany, followed by Stephen R Durham (n = 38) from the
United Kingdom, Hendrik Nolte (n = 29) from the United
States, and Giorgio Walter Canonica (n = 19) from Italy.
The most cited author was Bousquet J (554 citations)
from France, who focused on asthma and AR, followed by
Durham SR (434 citations) and Canonica GW (339 citations).

Analysis of references

The most co-cited references are summarized in Table 5.
Most of them (7/10) were published in the Journal of Allergy
and Clinical Immunology. Among them, the article “Pollen
immunotherapy reduces the development of asthma in
children with seasonal rhinoconjunctivitis (the PAT-study)”
published by Moller C et al. was the most cited (n = 744).
We used CiteSpace to construct the network of co-cited
references and found eight clusters (Figure 6A). The clus-
ters were as following: #0 “clinical trials,” #1 “phleum
pratense,” #2 “allergy immunotherapy,” #3 “intralymphatic
immunotherapy,” #4 “cytokines,” #5 “children,” #6 “allergy
prophylaxis,” and #7 “blocking IgG antibodies.” The ref-
erences with the strongest citation bursts are shown in
Figure 6B. Among them, three clusters (#0 “clinical trials,”
#3 “intralymphatic immunotherapy,” and #6 “allergy pro-
phylaxis”) have bursts that have persisted until the present.

Analysis of keywords

CiteSpace was used to construct a network map of key-
words (Figure 7A and Table 6) and keywords with the
strongest citation bursts (Figure 8). Figure 7B shows a net-
work of nine clusters of keywords as follows: #0 “allergic
rhinitis,” #1 “sublingual immunotherapy,” #2 “recombi-
nant allergens,” #3 “allergen immunotherapy,” #4 “grass
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Table 3 Top 10 productive journals and co-cited journals from 2002 to 2021.

Rank Journal

Article counts Impact factor Rank

Cited journal Citations Impact factor

1 Allergy 116 13.146

2 Journal of Allergy and 83 10.793
Clinical Immunology

3 Clinical and Experimental 52 5.018
Allergy

4 Annals of Allergy and 45 6.347
Asthma Immunology

5 Current Opinion in Allergy 38 3.142
and Clinical Immunology

6 International Archives of 37 2.749
Allergy and Immunology

7 Journal of Investigational 33 4.333
Allergology and Clinical
Immunology

8 Allergy and Asthma 29 2.587
Proceedings

9 Pediatric Allergy and 28 6.377
Immunology

10 Immunotherapy 26 4.196

1 Journal of Allergy and 927 10.793
Clinical Immunology

2 Allergy 909 13.146

3 Clinical and Experimental 752 5.018
Allergy

4 Annals of Allergy and 613 6.347
Asthma Immunology

5 International Archives of 496 2.749
Allergy and Immunology

6 Journal of Investigational 339 4.333
Allergology and Clinical
Immunology

7 New England Journal of 333 91.245
Medicine

8 Current Opinion in Allergy 316 3.142
and Clinical Immunology

9 Pediatric Allergy and 304 6.377
Immunology

10 Allergy and Asthma 301 2.587

Proceedings
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Figure 3 A network map of the co-cited journals involved in
research on immunotherapy for ARC.

pollen,” #5 “subcutaneous immunotherapy,” #6 “regulatory
T,” #7 “transforming growth factor beta,” and #8 “treat-
ment efficacy.”

As shown in Figure 8, the strongest burst (house dust
mite) occurred in 2003, with a burst strength of 9.18
that lasted for 3 years. However, what we were more
concerned about were the current hotspots, including
“SCIT” (strength 7.62, 2015-2021), “international consen-
sus” (strength 4.8, 2018-2021), “allergen immunother-
apy” (strength 4.02, 2018-2021), and “recommendation”
(strength 4.86, 2019-2021).

Discussion
In this study, we searched for articles and reviews regard-

ing immunotherapy for ARC from 2002 to 2021 from the
WOS Core Collection. A total of 969 publications comprising

213 journals from 544 institutions in 72 different countries
were retrieved and used to perform a bibliometric analy-
sis. As can be observed from the number of annual publica-
tions, the number of studies on immunotherapy for ARC is
gradually increasing, indicating that this field has received
sustained and significant attention during the past years.

In terms of countries/regions, Germany, the United
States, and Italy contributed the most number of stud-
ies on immunotherapy for ARC in the last 20 years.
Additionally, Oliver Pfaar, Ludger Klimek, and Ralph
Mosges, who authored the most articles, were all from
Germany. Notably, although Denmark had only one institu-
tion (ALK Company) among the 10 countries with the most
number of studies published, this institution published the
most number of studies among all institutions worldwide.
Additionally, 4 of the 10 institutions that published the most
studies are in Germany. Moreover, most of these papers
were published in Allergy, Journal of Allergy and Clinical
Immunology, and Clinical and Experimental Allergy, which
belong to allergy and immunology. Meanwhile, the Journal
of Allergy and Clinical Immunology and Allergy were the
most cited journals.

Keywords are the summary and generalization of the
article, and keyword clusters can classify the degree of sim-
ilarity between indicators. Therefore, keywords and clus-
ters serve as important indices to reflect research hotspots
and the focus of the literature in a field of study. Co-cited
references and keyword analyses showed that research on
immunotherapy for ARC revolved around different immuno-
therapy pathways and mechanisms. “International consen-
sus,” “allergen immunotherapy,” and “recommendation”
are the keywords with the strongest citation bursts that
are currently still active. Therefore, research directions
for immunotherapy for ARC can be predicted as follows:
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Table 4 Top 10 productive authors and cited authors from 2002 to 2021.

Author Cited Author

Rank (Country) Counts Centrality Rank (Country) Citations

1 Oliver Pfaar 67 0.16 1 Bousquet J 554
(Germany) (France)

2 Ludger Klimek 47 0.04 2 Durham SR 434
(Germany) (UK)

3 Ralph Mosges 38 0.05 3 Canonica GW 339
(Germany) (Italy)

4 Stephen R Durham 38 0.15 4 Calderon MA 304
(UK) (UK)

5 Hendrik Nolte 29 0.04 5 Pfaar O 229
(USA) (Germany)

6 Giorgio Walter Canonica 19 0.03 6 Passalacqua G 229
(Italy) (Italy)

7 Pascal Demoly 13 0.01 7 Cox L 223
(France) (USA)

8 Giovanni Passalacqua 13 0.01 8 Didier A 205
(Italy) (France)

9 Moises A Calderon 12 0.01 9 Dahl R 195
(UK) (France)

10 Harold S Nelson 12 0.02 10 Moller C 180
(USA) (Denmark)

mechanism research related to different pathways, clinical
trials and allergen extracts that meet standards, and the
recommended international consensus.

The European Academy of Allergy and Clinical
Immunology (EAACI) is an association dedicated to improv-
ing the health of people affected by allergic diseases. In
2010, the GA(2)LEN/EAACI pocket guide,'? which has been
presented in several meetings, offered comprehensive
recommendations on the daily use of immunotherapy in
ARC and asthma. In the latest guidelines prepared by the

EAACI,” allergen immunotherapy is recommended as first-
line treatment.

Currently, in clinical practice, allergen immunotherapy
includes classical SCIT and SLIT."#'> Allergen immunotherapy
reduces the immune response through long-term repeated
exposure to specific allergens. The efficacy of conventional
allergy immunotherapy in ARC has been established, and
both SCIT and SLIT are effective. The gold standard in the
treatment of allergic diseases is SCIT due to its long-term
benefits for patients. However, only 5% receive SCIT mainly
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Table 5 Top 10 co-cited references from 2002 to 2021.
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(A) A network map of the authors involved in research on immunotherapy for ARC. (B) A network map of the cited

Journal
Rank Article title First author Citations (Impact factor)
1 Pollen immunotherapy reduces the development  Moller C?° 744  Journal of Allergy and Clinical Immunology
of asthma in children with seasonal IF=10.793
rhinoconjunctivitis (the PAT-study)
2 Specific immunotherapy has long-term preventive Jacobsen L 666  Allergy
effect of seasonal and perennial asthma: IF=13.146

10-year follow-up on the PAT study
3 SLIT with once-daily grass allergen tablets: A

Durham SR3! 429

Journal of Allergy and Clinical Inmunology

randomized controlled trial in seasonal ARC IF=10.793

4 Allergen-specific immunotherapy with Jutel M* 396  Journal of Allergy and Clinical Immunology
recombinant grass pollen allergens IF=10.793

5 Optimal dose, efficacy, and safety of once-daily Didier A% 389  Journal of Allergy and Clinical Inmunology
SLIT with a 5-grass pollen tablet for seasonal AR IF=10.793

6 Coseasonal SLIT reduces the development of Novembre E** 362  Journal of Allergy and Clinical Immunology
asthma in children with ARC IF=10.793

7 Efficacy and safety of SLIT with grass allergen Di Bona D* 354  JAMA Internal Medicine
tablets for seasonal ARC IF=21.873

8 SQ-standardized sublingual grass immunotherapy: Durham SR 351 Journal of Allergy and Clinical Inmunology
Confirmation of disease modification 2 years IF=10.793

after 3 years of treatment in a randomized trial
9 Clinical Practice Guideline: AR

10  SLIT for hazelnut food allergy: A randomized,
double-blind, placebo-controlled study with a
standardized hazelnut extract

Seidman MD* 340

Enrique E*® 326

Otolaryngology Head & Neck Surgery
IF=3.497

Journal of Allergy and Clinical Immunology
IF=10.793

due to its frequency of administration that must be per-
formed in a hospital, unpredictable adverse reactions, and
long duration of treatment.'®” For some patients, especially
children and those afraid of needles, SLIT is an alternative
option. However, there may be issues with compliance due
to long-term oral medication.

In recent years, intralymphatic immunotherapy (ILIT)"®
was developed as a novel route of delivery. ILIT induces
tolerance after only three administrations and delivers

lower doses of an allergen to a highly immunocompetent
lymph node to maximize chances for tolerance induc-
tion with fewer adverse events.? ILIT is deemed safe and
promising based on the results of clinical trials, although
long-term follow-up with standard scoring criteria is
needed.” Witten et al. revealed that intralymphatic injec-
tions with grass pollen allergen extracts induced a regu-
latory T-cell response and increased IgG4 levels but there
was no improvement in clinical symptoms;?? hence, they



70 Chen N et al.

== #0 clinical trials
MiguereSolk{201)2015)  Pfaar Bda@iMatridacddPM (2020)
SzepfaluilZn(2014)2015)am ji MHB2UstBousdRetY) (2020)
Pfaar O (2014) RobertsPBiifdR62ano M (2020)

i _ﬁﬁo_@_.@_._o_ [ VAL 1) #1 phleum pratense
BauCasanb(ZE M ica GW (28&ad dingCBWI{20/18)(2011) f

Linneberg A (2002)hARBal2A02PO5R (2006)  Wahn U (zow;aar o (2011)
KuehrF&(2&02)(2003) Durham SR R2006)udB ufERAI20093R (2P ; (2212)

: #2 allergy immunotherapy
Halken S (2010) (2011) Maloney J (2014)

Skoner D (2010) Canonica GW (2014olte H (2017)
Meltzer EO (2009) Durham SR (2@faar-O-(201thGre8RMaat 8 (2017)
. e NN #3 intralymphatic immunotherapy
Zim m e A-@082)T: CBECIROBEZ EI0AS(2016)

Worm (207 ZD42)15K i EYe(A0d6)SI (2015) Tvor 5620 CR (2020)
Shamji BEh(2E112012) Hyland 1 ITs(HRIRIST) H201BIRE9 )R (2020)

e e Noller C (2002) #4 cytokines

PassalacqiaGH1998)¢ BABKlGes B 2002B SRARIBINNR005)
Bousquetch(EBEBJVEIIE(2B00001)  Bubi Rigfa )V (2005)
Ham .d/mcmsmmesma ®B)(2000) Gidaro GB (2005)

- #5 children

Wauaanmv,mnsh(mmmemf(zmz)
Maromwﬁﬂ@mmm (2011)
Di Bona D (2012) #6 allergy prophylaxis
Niederbergendl(2018)D (2019)
Valenta R {@B18)F2019) T (2020)
ZeltirfBrAn@EnEkgevi2019)guez A (2020)
#7 blocking igg antibodies
Biedermann T (2019)
Makela Wu(2068P (2019)
Bernsiindgi{andi)(2018Y (2019)

®) Top 10 References with the Strongest Citation Bursts

References Year Strength Begin End 2002 - 2021
Moller C, 2002, T ALLERGY CLIN IMMUN, V109, P251, DOI 10.1067/mai.2002.121317, DOI 2002 30.67 2003 2007 o me——

Wilson DR, 2005, ALLERGY, V60, P4, DOI 10.11114.1398-0095 2005.00699.x, DOL 2005 20012 2006 2010 [ =]

Durham SR, 2006, J ALLERGY CLIN IMMUN, V117, P802, DOI 10.1016/jaci.2005.12.1358, DOI 2006 32.27 2007 2011 ——

Dahl R, 2006, T ALLERGY CLIN IMMUN, V118, P434, DOI 101016/ jaci.2006.05.003, DOL 2006 27.69 2007 2011 e

Didier A, 2007, J ALLERGY CLIN IMMUN, V120, P1338, DOI 10.1016/ jaci 2007.07.046, DOIL 2007 26.38 2008 2012 e

Bousquet J, 2008, ALLERGY, V63, P8, DOI 10.11114.1398-0095.2007.01620.x, DOL 2008 30.29 2000 2013 [t

Bufe A, 2009, T ALLERGY CLIN IMMUN, V123, P167, DOI 10.1016/.jaci.2008.10.044, DOL 2009 2408 2010 2014 [ )

Roberts G, 2018, ALLERGY, V73, P765, DOI 10.1111/all.13317, DOL 2018 32.29 2018 2021 [RE—
Dhami S, 2017, ALLERGY, V72, P1597, DOT 10.1111/al1.13201, DOT 2017 26.15 2018 2021 e
Shamiji MH, 2017, ALLERGY, V72, P1156, DOI 10.1111/all. 13138, DOL 2017 252 2018 2021 [

Figure 6 (A) A line map of the cluster of co-cited references involved in research on immunotherapy for ARC. (B) References
with the strongest citation bursts?.
aThe blue line represents the period from 2002 to 2021, and the periods of each burst keyword are plotted by the red line.
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Figure 7 (A) Network map of the keywords involved in research on immunotherapy for ARC. (B) Map of the clusters of keywords
involved in research on immunotherapy for ARC.
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Table 6. Top 20 keywords in 2002-2021.

No. Keyword Counts No. Keyword Counts

1 Rhinoconjunctiviti 346 11 Immunotherapy 115
2 Asthma 334 12 Clinical efficacy 111
3 Rhiniti 295 13 Quality of life 100
4 Double blind 290 14 Allergic rhiniti 97
5 Efficacy 290 15 Follow-up 95
6 Children 232 16 Impact 86
7 Sublingual 205 17 Tablet 74
immunotherapy
8 Safety 202 18 Extract 65
9 House dust mite 146 19 Sensitization 64
10 Controlled trial 132 20 Grass pollen 61
immunotherapy

doubted whether ILIT can already be introduced for clin-
ical use. Currently, there are no officially approved com-
mercial allergen extracts for intravenous administration.
Meanwhile, epicutaneous immunotherapy is also a novel
form of immunotherapy, but further research is required to
determine its efficacy and safety.?

Immunoglobulin E (IgE), which acts as the central medi-
ator in the pathogenesis of type I allergic reactions, plays
an important role in the occurrence and development of
AR and ARC. Twenty years ago, Kuehr et al. designed the
first clinical trial to investigate the effects of anti-IgE with
specific allergen immunotherapy.* Thereafter, several
studies have shown that the anti-IgE monoclonal antibody
omalizumab is effective for the treatment of allergic dis-
eases, especially asthma.?? A clinical trial conducted by

Larenas-Linnemann et al. showed that omalizumab use
with allergen immunotherapy alleviated clinical symptoms
and reduced treatment time while having fewer adverse
reactions.? It is thought that omalizumab binds to the CH3
domain of the Fc portion of IgE, preventing IgE from bind-
ing to the high-affinity IgE receptor FceRI.2

Limitation

A few limitations of this visualization analysis must be con-
sidered. First, all publications were retrieved from the WOS
Core Collection database, and articles in other databases
were excluded. Our findings in this study may not be com-
prehensive because of the limited amount of literature.
Second, the publications were limited to those in English,
which can lead to bias. Third, the CiteSpace software can-
not distinguish the first author from the corresponding
author. However, we still believe that the results of this
study can be used to determine hotspots and emerging
trends in this field of study.

Conclusion

The number of publications related to immunotherapy for
ARC is gradually increasing. Germany and the United States
published the most studies on immunotherapy for ARC.
Oliver Pfaar from Germany authored the most number of
studies, and Bousquet J from France was the most cited
author. Allergen immunotherapy includes classical SCIT
and SLIT and the novel ILIT, with omalizumab emerging as
a novel biological therapy. Currently, research regarding

Top 25 Keywords with the Strongest Citation Bursts

Keywords

placebo controlled trial 2002
extract 2002
allergic rhiniti 2002
. 2002
swallowimmuntherapy 2002
house dust mite 2002
double blind 2002
controlledtrial 2002
seasonal rhinoconjunctiviti 2002
swallow immunotherapy 2002
children 2002
2002

placebo controllled evalution 2002
grass pollen immunotherapy 2002
pediatric patient 2002
seasonal allergc rhinoconjunctiviti 2002
metaanalysis 2002
immunological change ;gg;
term clinical efficacy 2002
allergen specific immunotherapy 2002
north american 2002
subcutaneous immunotherapy 2002
adult 2002
standardization ;gg;
international consensus 2002
aallergen immunotherapy 2002
recommendation 2002

Figure 8 Keywords with the strongest citation bursts?.

Year Strength Begin End

2002 - 2021
7.09 2002
5.41 2002
5.12 2002
4.34 2002
9.18 2003
5.88 2003 —
5.76 2003 ———
4.55 2003 —
8.12 2004 ,(qg = ——
8.23 2005 7011 =

4.8 2005 2008 EEEE
5.2 2006 2013 ——

7.11 2008 2011
5.56 2008 2011
5.05 2009 2012
3.98 2009
5.98 2011
4.05 2012
473 2014
7.62 2015 5094
6.42 2015 018
6.44 2017 2021
4.8 2018 2021
4.02 2018 2021
4.86 2019 2021

aThe blue line represents the period from 2002 to 2021, and the periods of each burst keyword are plotted by the red line.
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immunotherapy for ARC is now focusing on specific and
targeted treatment. Additionally, the direction of future
research on allergen immunotherapy includes new routes
of drug delivery and combined application with biologi-
cal agents. Meanwhile, improving the efficacy of allergen
immunotherapy and reducing side effects need further
exploration and research.

References

10.

1.

12.

13.

14.

. Asher MI, Montefort S, Bjorkstén B, Lai CK, Strachan DP,

Weiland SK, et al. Worldwide time trends in the prevalence of
symptoms of asthma, allergic rhinoconjunctivitis, and eczema
in childhood: ISAAC phases one and three repeat multicoun-
try cross-sectional surveys. Lancet. 2006;368(9537):733-43.
https://doi.org/10.1016/50140-6736(06)69283-0

. Naclerio RM. Allergic rhinitis. N Engl J Med. 1991;325(12):

860-9. https://doi.org/10.1056/NEJM199109193251206

. Patel DS, Arunakirinathan M, Stuart A, Angunawela R. Allergic

eye disease. BMJ. 2017;359:j4706. https://doi.org/10.1136/
bmj.j4706

. Greiner AN, Hellings PW, Rotiroti G, Scadding GK. Allergic rhi-

nitis. Lancet. 2011;378(9809):2112-22. https://doi.org/10.1016/
S0140-6736(11)60130-X

. Roberts G, Pfaar O, Akdis CA, Ansotegui |J, Durham SR,

Gerth van Wijk R, et al. EAACI guidelines on allergen immu-
notherapy: allergic rhinoconjunctivitis. Allergy. 2018;73(4):
765-98. https://doi.org/10.1111/all.13317

. Drazdauskaité G, Layhadi JA, Shamji MH. Mechanisms of

allergen immunotherapy in allergic rhinitis. Curr Allergy
Asthma Rep. 2020;21(1):2. https://doi.org/10.1007/s11882-020-
00977-7

. Berings M, Karaaslan C, Altunbulakli C, Gevaert P, Akdis M,

Bachert C, et al. Advances and highlights in allergen immuno-
therapy: on the way to sustained clinical and immunologic tol-
erance. J Allergy Clin Immunol. 2017;140(5):1250-67. https://
doi.org/10.1016/j.jaci.2017.08.025

. Bachmann MF, Kiindig TM. Allergen-specific immunotherapy:

is it vaccination against toxins after all? Allergy. 2017;72(1):
13-23. https://doi.org/10.1111/all.12890

. Skaarup SH, Schmid JM, Skjold T, Graumann O, Hoffmann HJ.

Intralymphatic immunotherapy improves grass pollen allergic
rhinoconjunctivitis: a 3-year randomized placebo-controlled
trial. J Allergy Clin Immunol. 2021;147(3):1011-9. https://doi.
org/10.1016/j.jaci.2020.07.002

Sun W, Huang P, Song H, Feng D. Bibliometric analysis of acute
pancreatitis in web of science database based on CiteSpace
software. Medicine. 2020;99(49):e23208. https://doi.org/
10.1097/MD.0000000000023208

Ma D, Yang B, Guan B, Song L, Liu Q, Fan Y, et al. A bibliomet-
ric analysis of pyroptosis from 2001 to 2021. Front Immunol.
2021;12:731933. https://doi.org/10.3389/fimmu.2021.731933
Zuberbier T, Bachert C, Bousquet PJ, Passalacqua G,
Canonica GW, Merk H, et al. GA? LEN/EAACI pocket guide
for allergen-specific immunotherapy for allergic rhinitis
and asthma. Allergy. 2010;65(12):1525-30. https://doi.org/
10.1111/j.1398-9995.2010.02474.x

Roberts G, Pfaar O, Akdis CA, Ansotegui |J, Durham SR,
van Wijk RG, et al. EAACI guidelines on allergen immunother-
apy: allergic rhinoconjunctivitis. Allergy. 2018;73(4):765-98.
https://doi.org/10.1111/all.13317

Tsabouri S, Mavroudi A, Feketea G, Guibas GV. Subcutaneous
and sublingual immunotherapy in allergic asthma in chil-
dren. Front Pediatr. 2017;5:82. https://doi.org/10.3389/
fped.2017.00082

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Liu X, Ng CL, Wang Y. The efficacy of sublingual immuno-
therapy for allergic diseases in Asia. Allergol Int. 2018;67(3):
309-19. https://doi.org/10.1016/j.alit.2018.02.007

Hylander T, Larsson O, Petersson-Westin U, Eriksson M,
Georén SK, Winqvist O, et al. Intralymphatic immunotherapy
of pollen-induced rhinoconjunctivitis: a double-blind placebo-
controlled trial. Respir Res. 2016;17:10. https://doi.org/
10.1186/512931-016-0324-9

Ryan D, Gerth van Wijk R, Angier E, Kristiansen M, Zaman H,
Sheikh A, et al. Challenges in the implementation of the
EAACI AIT guidelines: a situational analysis of current provi-
sion of allergen immunotherapy. Allergy. 2018;73(4):827-36.
https://doi.org/10.1111/all.13264

Skaarup SH, Schmid JM, Skjold T, Graumann O, Hoffmann HJ.
Intralymphatic immunotherapy improves grass pollen allergic
rhinoconjunctivitis: a 3-year randomized placebo-controlled
trial. J Allergy Clin Immunol. 2021;147(3):1011-9. https://doi.
org/10.1016/j.jaci.2020.07.002

Senti G, Johansen P, Kiindig TM. Intralymphatic immuno-
therapy: from the rationale to human applications. Curr
Top Microbiol Immunol. 2011;352:71-84. https://doi.org/
10.1007/82_2011_133

Patterson AM, Bonny AE, Shiels WE 2nd, Erwin EA. Three-
injection intralymphatic immunotherapy in adolescents
and young adults with grass pollen rhinoconjunctivitis. Ann
Allergy Asthma Immunol. 2016;116(2):168-70. https://doi.org/
10.1016/j.anai.2015.11.010

Senti G, Freiburghaus AU, Larenas-Linnemann D, Hoffmann HJ,
Patterson AM, Klimek L, et al. Intralymphatic immunother-
apy: update and unmet needs. Int Arch Allergy Immunol.
2019;178(2):141-9. https://doi.org/10.1159/000493647

Witten M, Malling HJ, Blom L, Poulsen BC, Poulsen LK. Is
intralymphatic immunotherapy ready for clinical use in
patients with grass pollen allergy? J Allergy Clin Immunol.
2013;132(5):1248-52. https://doi.org/10.1016/j.jaci.2013.07.033
Gunawardana NC, Durham SR. New approaches to allergen
immunotherapy. Ann Allergy Asthma Immunol. 2018;121(3):293-
305. https://doi.org/10.1016/j.anai.2018.07.014

Kuehr J, Brauburger J, Zielen S, Schauer U, Kamin W, Von Berg A,
et al. Efficacy of combination treatment with anti-IgE plus spe-
cific immunotherapy in polysensitized children and adoles-
cents with seasonal allergic rhinitis. J Allergy Clin Immunol.
2002;109(2):274-80. https://doi.org/10.1067/mai.2002.121949
Baser E, Degirmenci PB, Arslan 1B, Cukurova |. Effect of omal-
izumab on nasal symptoms in asthma and perennial aller-
gic rhinitis. J Coll Physicians Surg Pak. 2020;30(11):1170-4.
https://doi.org/10.29271/jcpsp.2020.11.1170

Okayama Y, Matsumoto H, Odajima H, Takahagi S, Hide M,
Okubo K. Roles of omalizumab in various allergic diseases.
Allergol Int. 2020;69(2):167-77. https://doi.org/10.1016/j.
alit.2020.01.004

Larenas-Linnemann D, Wahn U, Kopp M. Use of omalizumab
to improve desensitization safety in allergen immunother-
apy. J Allergy Clin Immunol. 2014;133(3):937. https://doi.
org/10.1016/j.jaci.2013.12.1089

Kawakami T, Blank U. From IgE to omalizumab. J Immunol.
2016;197(11):4187-92. https://doi.org/10.4049/jimmunol.
1601476

Moller C, Dreborg S, Ferdousi HA, Halken S, Hgst A,
Jacobsen L, et al. Pollen immunotherapy reduces the
development of asthma in children with seasonal rhino-
conjunctivitis (the PAT-study). J Allergy Clin Immunol.
2002;109(2):251-6. https://doi.org/10.1067/mai.2002.
121317

Jacobsen L, Niggemann B, Dreborg S, Ferdousi HA, Halken S,
Heost A, et al. Specific immunotherapy has long-term
preventive effect of seasonal and perennial asthma: 10-year



Knowledge mapping of immunotherapy for allergic rhinoconjunctivitis 73

31.

32.

33.

34.

follow-up on the PAT study. Allergy. 2007;62(8):943-8. https://
doi.org/10.1111/j.1398-9995.2007.01451.x

Durham SR, Yang WH, Pedersen MR, Johansen N, Rak S.
Sublingual immunotherapy with once-daily grass allergen
tablets: a randomized controlled trial in seasonal allergic rhi-
noconjunctivitis. J Allergy Clin Immunol. 2006;117(4):802-9.
https://doi.org/10.1016/j.jaci.2005.12.1358

Jutel M, Jaeger L, Suck R, Meyer H, Fiebig H, Cromwell O.
Allergen-specific immunotherapy with recombinant grass
pollen allergens. J Allergy Clin Immunol. 2005;116(3):608-13.
https://doi.org/10.1016/j.jaci.2005.06.004

Didier A, Malling HJ, Worm M, Horak F, Jager S, Montagut A,
et al. Optimal dose, efficacy, and safety of once-daily sublin-
gual immunotherapy with a 5-grass pollen tablet for seasonal
allergic rhinitis. J Allergy Clin Immunol. 2007;120(6):1338-45.
https://doi.org/10.1016/j.jaci.2007.07.046

Novembre E, Galli E, Landi F, Caffarelli C, Pifferi M,
De Marco E, et al. Coseasonal sublingual immunotherapy
reduces the development of asthma in children with allergic
rhinoconjunctivitis. J Allergy Clin Immunol. 2004;114(4):851-7.
https://doi.org/10.1016/j.jaci.2004.07.012

35.

36.

37.

38.

Di Bona D, Plaia A, Leto-Barone MS, La Piana S, Di Lorenzo G.
Efficacy of grass pollen allergen sublingual immunotherapy
tablets for seasonal allergic rhinoconjunctivitis: a system-
atic review and meta-analysis. JAMA Intern Med. 2015;175(8):
1301-9. https://doi.org/10.1001/jamainternmed.2015.2840

Durham SR, Emminger W, Kapp A, de Monchy JG, Rak S,
Scadding GK, et al. SQ-standardized sublingual grass immu-
notherapy: confirmation of disease modification 2 years
after 3 years of treatment in a randomized trial. J Allergy
Clin Immunol. 2012;129(3):717-25. https://doi.org/10.1016/j.
jaci.2011.12.973

Seidman MD, Gurgel RK, Lin SY, Schwartz SR, Baroody
FM, Bonner JR, et al. AAO-HNSF. Clinical practice guide-
line: Allergic rhinitis. Otolaryngol Head Neck Surg. 2015;
152(1 Suppl):S1-43. https://doi.org/10.1177/0194599814561600

Enrique E, Pineda F, Malek T, Bartra J, Basagana M, Tella R,
et al. Sublingual immunotherapy for hazelnut food allergy:
a randomized, double-blind, placebo-controlled study with
a standardized hazelnut extract. J Allergy Clin Immunol.
2005;116(5):1073-9. https://doi.org/10.1016/j.jaci.2005.08.027



