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ABSTRACT

Immunoglobulin G4-related disease (IgG4-RD) is a chronic multi-organic immune fibrosing dis-
ease. It affects preferentially men around middle age and almost any organs can be involved;
however, lymph nodes, submandibular and lacrimal glands, pancreas, and retroperitoneum are
the most affected. The mainstay treatment is corticosteroids, sometimes adjuncts with DMARDs or
rituximab as steroid sparing agents. Th2 inflammation is implicated in the pathophysiology of the
disease. Several reports indicate that allergy and/or atopy often affect patients with IgG4-RD. The
frequency varies greatly between studies with allergies/allergic diseases reported in 18-76% while
atopy is reported in 14-46%. In studies including both, they affect 42 and 62% of patients. Rhinitis
and asthma are the most frequent allergic diseases. IgE and blood eosinophiles are often elevated
and few studies report that basophils and mast cells could participate in the disease pathogenesis;
however, the implication of allergy and atopy remain unclear. No common allergen has been
identified and IgG4 production seems to be polyclonal. Although a direct causal effect is unlikely,
they could potentially shape the clinical phenotype. Allergies/allergic diseases and/or atopy are
reported to be more frequent in IgG4-RD patients presenting head, neck, and thoracic involve-
ment, with higher IgE and eosinophils and less frequent in retroperitoneal fibrosis; however,
studies regarding allergy and atopy in IgG4-RD are highly heterogenous. The aim of this article is

to review what is currently known about the allergy and atopy in the context of Ig4-RD.
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Immunoglobulin G4-related disease (IgG4-RD) is
a recently described multi-organic immune fibros-
ing disease.” It is characterized histopathologicaly
by dense IgG4+ lymphoplasmocytes infiltrates,
storiform  fibrosi,s and obliterans phlebitis.?
Affecting preferentially middle age/older men, it
most  frequently involved lymph  nodes,
submandibular and lacrimal glands, pancreas, and
retroperitoneum. However, it can affect almost any

organs, from pituitary glands to prostate.
Therapeutic options are for now limited to
corticosteroids, DMARDs, and rituximab.® There is
still no targeted treatment available. Advances in
the last decade showed that Th2 inflammation is
implicated in the pathophysiology of the disease.
Th2 cytokines are elevated, as well as IgG4, IgE
and eosinophils* Allergy and atopy are also often
present in patient with IgG4-RD. However, a
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question persists around the implication of allergy
and atopy in the pathogenesis of the disease. The
aim of this article is to review what is currently known
aboutthe allergy and atopy in the context of Ig4-RD.

THE IMPORTANCE OF IgG4 IN ALLERGY

IgG4 is a peculiar antibody, its exact role is not
completely understood. It is the only IgG subclass
to bind to both activating Fcy receptors and
inhibitory FcyRIlb.® It does not bind FcyRIllb and
does not activate the complement. IgG4 can also
be modified by Fab-arm exchange (FAE). Under
certain conditions, the 2 heavy chains can
dissociate and re-associate with a different half-
molecule, hence forming bi-specific monovalent
antibodies.® This form represents around 20-30%
of 1gG4 in humans.” IgG4 are produced by B
cells after isotype class-switching under the influ-
ence of Th2 cytokines IL-4 and IL-13, which also
induce class-switching to IgE. The conjunction with
IL-10 and IL-21 orients the process. Under certain
circumstances, IL-10 enhance the production of
IgG4 and reduced IgE.? In vitro, adjunct of IL-21
reduces IgE production while enhancing 1gG4.7

In the context of allergy, IgG4 are associated with
the development of tolerance. The occurrence of
allergy versus immune tolerance depends on the
balance between IgG4 and IgE production. In the
modified Th2 hypothesis, a high dose chronic
allergen-driven Th2 response enhances IgG4 pro-
duction and dominates over IgE production, hence
protecting from immediate hypersensitivity."®"" In
the context of allergen immunotherapy (AIT), there
is an allergen driven IL-10 production by peripheral
blood mononuclear cells.'? Allergen specific IgG4
production occurs 6-8 weeks after initiation of
therapy'®"* IgG4 blocks the liaison of IgE-allergen
complexes to FceRll of antigen-presenting cells,
thus preventing presentation to T cells."® It also
prevents the signaling of IgE through FceRI via
direct competition by binding to the allergen, and
possibly via stimulation of inhibitory FcyRllb, thus
inhibiting immediate hypersensitivity.'®

DEFINITION OF ALLERGY AND ATOPY IN
STUDIES

Before reviewing the literature about allergy in
IgG4-RD, itisimportant to keep in mind that different
definitions are used to define either allergic or atopic

groups in studies. Allergy and atopy are not synon-
ymous. Allergy is “a hypersensitivity reaction initiated
by specific immunologic mechanisms’, either IgE- or
non-IgE mediated. Atopy represents “a personal
and/or familial tendency, usually in childhood or
adolescence, to become sensitized and produce IgE
antibodies in response to ordinary exposures to al-
lergens, usually proteins. As a consequence, these
persons can develop typical symptoms of asthma,
rhinoconjunctivitis, or eczema”'” Atopy should
therefore be used to define IgE-antibody high-re-
sponders, patients who develop IgE to commonly
encountered allergen to which normal population
do not become sensitized. Patients sensitized to
Hymenoptera venom or drugs, for example, should
not be considered atopic.

Definitions to identify allergy and/or atopy dif-
fers in studies. The allergy definition of the Euro-
pean Academy of Allergy & Clinical Immunology
(EAACI), atopy definition of EAACI, and unofficial
definitions are used. In some studies, definitions
are not mentioned (Table 1). Except in one study,
allergic diseases were not clearly confirmed by
an allergist.’®

PREVALENCE AND CHARACTERIZATION
OF ALLERGY AND ATOPY IN PATIENTS
WITH IgG4-RELATED DISEASE

The prevalence of allergy/allergic diseases and
atopy varies greatly between studies. Allergies/
allergic diseases are described in 18-76% of IgG4-
RD patients, 182532363849 yhjle  atopy s
reported in  14-46%."7%3%957  Two studies
included both allergic and atopic patients in the
same group with a prevalence of 42% and 62%,
respectively.*?* While this review is neither a
systematic review nor a meta-analysis, we have
attempted to compare the different data in forest
plots for random effects meta-analysis to have a
general idea of the situation (Figs. 1 and 2). The
mean prevalence of allergies/allergic disease and
atopy are respectively 49% (95% ClI [42-55%]) and
29% (95% CI [20-40%]). In cohorts of autoimmune
pancreatitis (AIP), the frequency of allergy/allergic
disease reported is from 15 to 44%.333%%2 One
study reported that allergy was more frequent in
patients from 40 to 59 years old (55-54%)
compared to patients younger (49%) or older (39-
49%).2
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Atopy: EAACI'?-23

Atopy: Evidence of an IgE antibody response in addition to clinical symptom®

Allergy and/or Atopy: EAACI?#2%
Allergy: EAACIZ¢31

Allergy: To have allergic rhinitis, allergic asthma, or allergic skin disease, such as urticarial history, etc.>?

Allergy: Allergic diseases, such as acute allergic rhinitis, atopic dermatitis, and bronchial asthma®?

Allergy: Allergic disorders: hay fever and allergic rhinitis in addition to asthma®*

Allergy: bronchial asthma, acute allergic rhinitis, hay fever and atopic dermatitis®®

Allergy: symptomatic allergic conditions diagnosed by a physician at diagnosis®®

Allergic rhinitis was diagnosed on the basis of medical history, symptoms, nasal cytology, and specific IgE to

aeroallergens.®”

Allergy: allergic disease, including inhalation allergy, drug allergy, food allergy, contact allergy, and “;irritable

physique”"®

Table 1. Definitions of allergy/atopy used in studies EAACI: European Academy of Allergy and Clinical Immunology.

Rhinitis is the most frequent allergic
disease followed by asthma (Table 2). Rhinitis is
reported in 2-31 %1 8-21,25,28,36,44,50,53,54 Of
patients with 1gG4-RD; most studies report rates
above 20%. Asthma is described in 4-27%."%

2128,36,44,46,50.53.54 Coniunctivitis affected 7-9%
of subjects.'®?13647 |n AIP, rhinitis and asthma
affect 7-22%333%°2 and 7-12% of patients,
respectively (Table 2)33-35,52 Subjects  with
dacryoadenitis and sialadenitis (DS) have the

Study Events Total Proportion 95%-ClI
Feietal. 2015 127 248 —+— 0.51 [0.45; 0.58]
Zhang et al. 2018 187 390 . 0.48 [0.43; 0.53]
sanders et al. 2020 165 231 E i 0.71 [0.65; 0.77]
Zhang et al. 2019 209 425 . 0.49 [0.44; 0.54]
Ebbo et al. 2012 6 25 —m——— i 0.24 [0.09; 0.45]
Sanders et al. 2018 140 185 ] — 0.76 [0.69; 0.82]
Liu etal. 2019 172 428 s - m 0.40 [0.36; 0.45]
Saeki et al. 2018 22 51 ——'—f— 0.43 [0.29; 0.58]
Wang L et al. 2018 115 215 1 0.53 [0.47; 0.60]
Wang M et al. 2019 67 121 ﬂ:—'— 0.55 [0.46; 0.64]
Zhou et al 2020 201 459 5 0.44 [0.39; 0.48]
Liu Y et al. 2020 97 277 -2 0.35 [0.29; 0.41]
Zen et al. 2010 22 114 — E 0.19 [0.13; 0.28]
Chen et al. 2016 118 200 I 0.59 [0.52; 0.66]
Linetal. 2015 73 118 : — 0.62 [0.52; 0.71]
Lu et al. 2021 356 737 3 0.48 [0.45; 0.52]
Peng et al. 2019 73 122 i—— 0.60 [0.51;0.69]
Akiyama et al. 2016 11 17 —-E—'— 0.65 [0.38; 0.86]
Maehara et al. 2018 3 17 —&——— |} 0.18 [0.04; 0.43]
Umeda et al. 2020 13 29 —-I— 0.45 [0.26; 0.64]
Zhao et al. 2021 214 434 - 0.49 [0.45; 0.54]
Gao et al. 2018 19 46 —'—E— 0.41 [0.27; 0.57]
Common effect model 4889 <'> 0.49 [0.48; 0.51]
Random effects model = 0.49 [0.42; 0.55]
Heterogeneity: 1= 90%, p < 0.01 ' ' ' '
0.2 0.4 0.6 0.8

Fig. 1 Proportion of allergy/allergic diseases in patients with IgG4-RD. Forest plot. Random effects model: proportion 0,49 [0,42; 0,55].

Heterogeneity: > = 90%, p < 0.01



4 D’Astous-Gauthier et al. World Allergy Organization Journal (2023) 16:100765

http://doi.org/10.1016/j.waojou.2023.100765

Study Events Total Proportion 95%-ClI
Della Torre et al. 2014 22 70 —— 0.31 [0.21; 0.44]
Mattoo et al. 2014 18 39 l—'— 0.46 [0.30; 0.63]
Matto et al. 2016 33 74 i — 0.45 [0.33; 0.57]
Grados et al. 2017 4 28 —+—— 0.14 [0.04; 0.33]
Campochiaro et al. 2016 12 41 S - 0.29 [0.16; 0.46]
Lanzillotta et al. 2020 24 131 —a 0.18 [0.12; 0.26]
Della-Torre et al. 2020 29 116 —'—?'— 0.25 [0.17; 0.34]
Common effect model 499 <= 0.28 [0.25; 0.33]
Random effects model —_— 0.29 [0.20; 0.40]

Heterogeneity: I? = 76%, p <0.01
0.1

I I I 1

02 03 04 05 06

Fig. 2 Funnel plot 1. Funnel plot of studies included to calculate the proportion of allergy/allergic diseases in patients with IgG4-RD

highest frequency of rhinitis and conjunctivitis (41-
52% and 20%, respectively) (Table 2). Asthma is
reported in 9-14% of subjects.***7 Urticaria,
eczema/atopic dermatitis, and contact dermatitis
were rarely reported in patients with 1gG4-RD.
Skin allergies otherwise not specified were re-
ported in 13-42% of patients.?>** Food allergy
was reported in 1-20%'%192125354450 44
drug allergy in 2-20%."8:2833,3544,50,53
Anaphylaxis is reported in 2 studies in 3% and
9% of patients.?**° Venom allergy was not
reported.

While we attempted to compare the different
studies, several factors make the comparison
difficult. Studies are highly heterogenous in both
allergic and atopic groups (12 = 90%, p < 0.01 and
12 = 76%, p < 0.01, respectively). Funnel plots of
the allergic group seem asymmetrical, and some
studies are outside of the funnel zone as showed in
Fig. 3. The funnel plot of the atopic group seems
more symmetrical (Fig. 4), but this conclusion
could be influenced by the small number of
studies collected. There could be publication
bias; however, since we are in the presence of
heterogeneity, funnel plots need to be
interpreted carefully. Moreover, studies are prone
to multiple limitations. Definitions used to identify
allergic/atopic patients differ between studies,
and specific allergic diseases researched/
diagnostic criteria of each condition are not
always known. Most diagnoses were either made
by file reviewing or written questionnaire. There
was no mention of direct evaluation by either an
allergist, a respirologist, or a dermatologist,
except in 1 study.”® It is not known if allergy
diagnosis was supported by specific IgE (sIgE) or
skin testing or asthma supported by pulmonary

functional test (PFT) or methacholine challenge.
There are also disparities regarding terminology.
By example, some reported “Hay fever”, "hamster
allergy”, and "house dust allergy” in addition to
rhinitis, conjunctivitis, and asthma.?°3% Those
patients should have been included in the later
categories. Classifying patients according to their
allergens instead of the symptoms that occur
could be interesting. In cases of anaphylaxis and
urticaria, the culprit agent should be reported.
Urticaria should also be defined as acute or
chronic. Also, “skin allergy” is an umbrella term
representing different pathologies and should be
avoided. Finally, “irritable the physique” should
not be used to define allergy.

It remains unclear if allergy/atopy is more
frequent in 1gG4-RD compared to the general

population. Many studies do not include a control
18-22,24,25,28-30,32,34-36,38,40-42,46,51,52,54

group,
and few studies compared results

to "historical" cohorts. Della-Torre et al and Cam-
pochiaro et al showed allergy/atopy prevalence
that was equivalent to the general population.’?%*
On the contrary, Saeki and al reported that allergic
conditions were more frequent in IgG4-RD;*®
however, populations in those studies were not
directly compared. Also, choice of comparative
population can be biased. Few studies included
a control group and results were also discording.
When comparing to healthy control (HC), Culver
et al (62.5% vs 17.1%; p < 0.0001) and Sah et al
(15% vs 4%%; p = 0.006) demonstrated a higher
frequency of atopy and allergic
manifestations.*3* However, Culver et al
reported that it was identical in another, but
smaller study involving 24 patients.?* Compared
to Sjogren syndrome, IgG4-RD subjects had
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Saeki 20183¢
22/51 (43%)
allergic
conditions

Sanders 2020%°
165/231 (71%)
allergic
conditions

Zhou 20208
201/459 (44%)
allergic diseases

Lin 201544
73/118 (62%)

allergy
Zen 201028

22/114 (19%)
allergic disorders

Della Torre
20147
22/70(31%) atopy

Della-Torre
2020%°
29/116 (25%)

atopy

Mattoo 20142°
18/39 (46%) atopy

Rhinitis

15 (29%)

Conjunctivitis

4 (8%)

Asthma

16 (25%)

Aero-allergens symptoms: 135 (58%)

99 (22%)

33 (28%)

Sinusitis:
4 (4%)
Rhinitis:
(2%)

16 (23%)

14 (12%)

12 (31%)

5 (7%)

10 (9%)

3 (8%)

20 (4%)

33 (28%)

14 (12%)

8 (11%)

aeroallergen:
6 (5%)

food and
drugs:

? (8%)

5 (13%)

47 (20%)

3 (1%)

6 (5%)

OAS: 1 (1%)

3 (3%)

Drug
allergy

30 (7%)

24 (20%)

2 (2%)

18 (16%)

Anaphylaxis

20 (9%)

0 (0%)

3 (3%)

0 (0%)

Others

Skin allergy™:
927 (42%)

Contact allergy: 7
(2%)

Mixed allergies: 11
(6%)

“Irritable the
physique”: 8 (2%)

Skin sensitivity or
urticaria:
10 (8%)

Urticaria: 3 (4%)

Contact allergy: 3
(2%)

Urticaria/
angioedema: 10
(9%)

Dermatitis: 6 (5%)
Gl symptoms: 1
(1%)

Urticaria: 3 (8%)
Gl symptoms: 1
(3%)

(continued)
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Mattoo 2016
33/74 (45%) atopy

Inoue 2015°3

Matsui 2018°4

AIP

Hirano 2010°2
7/42 (16%)
allergic
conditions
Kamisawa 2009°*
20/45 (44%)
allergic
conditions

Sah 2010%*
12/78 (15%)

Kuruma 20143°
24/67 (36%)

DS

Yamamoto
2019°°
165/281 (59%)
allergy

Masaki 2009°¢

Li et al. 2015°7

Rhinitis

18 (24%)

29 (12%)

20 (30%)

3 (7%)

11 (24%)

15 (22%)

140
(50%)

26 (41%)

22 (52%)

Conjunctivitis

5 (7%)

56 (20%)

Asthma

2 (12%)

25 (11%)

18 (27%)

3 (7%)

3 (7%)

2 (12%)

8 (12%)

25 (9%)

9 (14%)

6 (14%)

Food
allergy

OAS: 1 (1%)

1(2%)

Drug
allergy

2 (4%)

4 (6%)

Anaphylaxis

0 (0%)

Table 2. (Continued) Allergic manifestations in IgG4-RD. “Otherwise non specified, Gl, Gastro-intestinal; NR, Not reported; OAS, Oral allergen syndrome

Others

Urticaria: 3 (4%)
Eczema: 2 (6%)
“Hay fever”: 2 (6%)

Skin allergy®: 9
(13%)

Urticaria: 1 (2%)

Hypersensitivity
pneumonitis: 1 (2%)

Others: 3 (4%)

Atopic dermatitis: 2
(3%)

House dust allergy:
1(2%)

Hamster allergy: 1
(2%)

Urticaria: 5 (2%)
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Standard Error
05 0.4 0.3 0.2 0.1 0.0

0.6

Logit Transformed Proportion

Fig. 3 Proportion of atopy in patient with IgG4-RD. Forest plot. Random effects model: proportion 0.29 [0.20; 0.40]. Heterogeneity:

2 =76%, p < 0.01

higher prevalence of allergic rhinitis (40.6% vs
17.2%; p = 0.001).°” The choice of comparison
population is important. For example, Sanders
et al concluded that prevalence of allergy in
IgG4-RD was equivalent to the general popula-
tion as they compared to controls.?® However,
controls were patients without inflammatory
disease from rheumatology clinic (osteoarthritis,
fibromyalgia, osteoporosis) and allergy frequency
was surprisingly high (79% IgG4-RD vs 71% con-
trols). Indeed, according to World Allergy Orga-

disease.’® A few years earlier, Sanders et al had
concluded that allergy in IgG4-RD was more
frequent (76%) than the general population when
they compared to a survey in which 30% of
Americans were identified as being allergic.*”->?

IgG4-RD ORGAN INVOLVEMENT AND
ALLERGY

Studies suggest that allergy and/or atopy in

o o s e IgG4-RD is more frequent in patient with
nlzatlon.(WAO), 10%-30% of adult population 'N dacryoadenitis and/or  sialadenitis  (DS),
the United States have 1 or more allergic ophthalmic disease, chronic rhinosinusitis (CRS),

o -
= s
5 - o
L N s E N
2 i [] i
i ® ' \ °
e i e E
S o I \
§ © | s 1 L
& , 1 \
<
° ¥ .
0 |
o 1 |
5] gt
T T T T T T
2.0 15 1.0 -05 0.0 0.5

Logit Transformed Proportion

Fig. 4 Funnel plot 2. Funnel plot of studies included to calculate the proportion of atopy in patient with IgG4-RD
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and intrathoracic involvement. Four studies
demonstrated that allergies are more prevalent in
|gG4-related dacryoadenitis and/or sialadenitis
(IgG4-RDS).25392143 | iy et al and Chen et al
respectively reported allergic diseases in 51% of
sialadenitis vs 25% of non-sialadenitis (p < 0.001)
and 64.6% of DS vs 43.9% in non-DS
(p < 0.001).3"“2 Patients with DS with or without
other organ involvement had higher frequency of
allergies compared to patients without DS (69.6%
vs 61.8% vs 34.1%; p < 0.003). They are also
more prone to rhinosinusitis symptoms and nasal
and paranasal involvement.*® Sanders et al, in a
cohort of 165 patients, showed an association
between sialadenitis and/or dacryoadenitis and
allergies (aOR: 1.92 [95% CI: 1.06-3.48]).%°
Patients with 1gG4 related ophthalmic disease
(IgG4-ROD) also have higher frequency of allergy
(66%) compared to patient without (26%).%°
Moteki et al, demonstrated that patient with IgG4
related CRS have an allergy prevalence of 32%.
Of those, 71% had allergic rhinitis diagnosed by
nasal smear eosinophil and local findings and
10% had asthma.’® Gao et al reported that
allergies were more frequent in IgG4 related CRS
than in patient without (56.5% vs 20%
[p = 0.004]). Skin allergies (20 vs 0%), asthma (30
vs 13%) and drug allergies (10 vs 0%) were also
more frequent.?” In a cohort of IgG4-RDS, Pia
et al found 25% of allergic rhinitis in patients with
related CRS vs 0% in the group without. Bronchial
asthma was also more frequent in the CRS group
(25% vs 0%).°7 Patients with intra-thoracic lesions
also have higher prevalence of allergies (63.2% vs
44.7% without [p = 0.008]).3? In a study comparing
4 group of patients (pancreato-hepato-biliary
disease vs retroperitoneal fibrosis (RPF) and/or
aortitis vs head and neck-limited disease vs and
classic Mikulicz's syndrome with systemic involve-
ment), Lanzillota et al found more prevalent
allergic diseases in the head and neck group, but it
was not statistically significant (p = 0.09).%"

ALLERGY TESTING IN IgG4-RD

Allergy testing were used only in 5 studies
(Table 3). Culver et al tested 48 patients with IgG4-
RD (40% of atopic) with specific IgE (sIgE). Fifty-two
percent had at least 1 elevated sIgE.* Matsui et al
retrospectively described 48 patients with sIgE to

aeroallergens, 79% had at least 1 positive
result.** Yamamoto et al tested slgE on 257
IgG4-RDS.%® One hundred sixty-three (63.4%) pa-
tients had slgE against at least 1 allergen. D.
pteronyssinus was the most identified (91 patients).
Kuruma et al performed sIgE testing on 15 patients
with AIP 87% had at least 1 positive response while
only 7 had reported clinical allergic diseases.®
Della-torre et al are the only ones to have per-
formed slIgE and skin prick test. On 10 atopic pa-
tients, they demonstrated sensitization to dust
mite, mold, grass, ragweed, cat dander, and
shellfish."® No common culprit allergen could be
identified in those studies.*19355455 However,
interpretation of those results is difficult. It is
unclear whether patients were evaluated by
allergists in all studies. Methods and cut-off
values were not mentioned in many studies*"?:>%
and levels of slgE were never reported. It is also
important to note that slgE and skin prick test
alone are insufficient evaluation of allergy and
atopy. Those results were not reported taking
into  consideration allergic symptomatology.
Elevated sIgE could be present because of a
global elevation of serum IgE associated with
IgG4-RD. As a matter of fact, Kuruma et al
enquired about disproportion of patients with
positive sIgE (87%) vs identified allergic patients
(36%).2° Do they reflect only sensitization or true
allergies? Indeed, the value of a positive slgE in
absence of symptoms is unknown. Interpretation
of slgE results requires correlation with the
clinical picture.®?

DIFFERENCES BETWEEN ALLERGIC/
ATOPIC AND NON-ALLERGIC/ATOPIC
IgG4-RD PATIENTS

It is still debated if patients with allergies and/or
atopy form a particular group within IgG4-RD sub-
jects and have distinct manifestations/laboratory
values (Table 4). There is no difference between sex
or age at presentation between patients with
allergy/atopy and those without. Only 1 small study
identified a female preponderance and younger
age at presentation.*® Up to now, no studies
showed differences in  number of organs
involved'926595% 3nd rate of relapse.®*® Regarding
specific organs involved, results are conflicting.
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Methods Allergen tested

Culver et al.® Specific IgE Grass, mold, tree and nut

48 patients (ImmunoCap method) mixes
52% had at least one positive
result

Matsui et al.** Specific IgE 16 aeroallergens

48 patients (ImmunoCap method, 79% had at least one positive

Radioallergosorbent test) result

Yamamoto Specific IgE Birch pollen, cedar pollen,

et al.®® (ImmunoCap method) moth scales,

257 patients with Dermatophagoides

IgG4-RDS pteronyssinus, Poaceae
pollens, weed pollens, food
allergens, grain allergens,
animal epithelia, and mold
allergens
63.4% had at least one
positive result

|35

Kuruma et a Specific IgE

15 patients with

.19 Specific IgE

Skin tests

Della-torre et a
10 atopic patients

(Radioallergosorbent test
AlP (positive >0.34 UA/mL)
Multiple allergosorbent test
system (positive > class 1))

Not mentioned

87% had at least one positive
result (Causative agents:
cedar, Japanese cypress, ticks,
shrimp, crab, orchard grass,
house dust, moths, Ambrosia
artemisiifolia, Candida, wheat,
Aspergillus, guinea pig,
mugwort, peanut, buckwheat,
sweet vernal grass, timothy,
Betula platyphylla and
Penicillium)

Not mentioned
Sensitization to dust mite,
mold, grass, ragweed, cat
dander and shellfish

Table 3. Allergy tests used in studies

Two studies found no differences and 3 showed
discordant results. Saeki et al showed that upper
body (head, neck, and thoracic area) and lung
were more involved, 80% vs 56% and 50% vs 31%
respectively.®*® In a Mattoo et al study, salivary
glands (61 vs 38%), lacrimal glands (22 vs 10%),
and orbits (22 vs 10%) were more involved.?? In a
Della-Torre et al study, RPF was less frequent (5 vs
29%)."? Those studies were small and p values were
not always available. However, it is concordant with
previous studies showing that allergy/atopy is more
frequent in patient with IgG4-RDS 25202143
Sanders et al demonstrated that patients with high
IgG4 had more allergic manifestations, > but no
studies could identify a difference in serum IgG4

between allergic and non-allergic. Results about
serum IgE are also conflicting. Four studies reported
higher serum IgE and/or higher number of patients
with elevated IgE,*"9212433 byt 5 others did not.

2236435052 Rogarding serum eosinophils, 2
studies showed higher eosinophils or more
eosinophilia  in  allergic/atopic  patients."??"

22,23,36,50

However, 4 others did not.
Supplementary data from Mattoo et al suggest that
atopic patients with IgG4-RD have higher serum
lgG4 (26/33 [79%] vs 12/41 [29%]) and IgE (20/33
[45%] vs 6/41 [17%)]), and more eosinophilia (15/33
[61%)] vs 22/74 [15%]) than IgG4-RD patients without
atopy?" P values were not mentioned in the text, but
were statistically significant below 0.05 when
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Different parameter Similar parameter

Della-Torre et al., 2020 (Italy)5°
29 atopic vs 87 non-atopic

Saeki et al., 2018 (Japan)36
22 allergic conditions vs 29
without

Chen et al., 2016 (China)*®
118 allergic vs 82 non-allergic

Culver et al., 2017 (UK)*
30 allergy/atopy vs 18 without

Culver et al., 2015 (UK)*4
10 allergy/atopy vs 14 without

Della-Torre et al., 2014 (USA)"?
22 atopic vs 48 non-atopic

Mattoo et al., 2014 (USA)?°
18 atopic vs 21 non-atopic

Mattoo et al., 2016 (USA)*"
74 atopic vs 27 non-atopic

Grados et al., 2017 (France)??
4 atopic vs 24 non-atopic

Campochiaro et al., 2016
(Italy)23
12 atopic vs 29 non-atopic

Hirano et al., 2010 (Japan)52
7 allergic vs 35 non-allergic
AIP

IgG4-RD RI: 8.3 (3.2) vs 9.6 (3.0);
p = 0.01

Sex: Male 8 (36.4) vs 21 (72.4);
p =0.010

Age: 61.0 £ 13.2vs 71.6 £ 8.1;
p = 0.002

Specific organ involvement:
Lung: 11 (50%) vs 9 (31%);

p = 0.032

Upper body affected organs:
80 £ 24 vs 56 £+ 32; p = 0.004

Serum IgE: Higher IgE *
p < 0.05

Serum IgE: Higher IgE *
p = 0.0255

Specific organ involvement:
RPF: 5 vs 29%; p = NA

Serum IgG4: None

Blood eosinophils: 641 cells/ul
versus 365 cells/uL; p = 0.02
Serum IgE: 454 mg/dL

vs153 mg/dL; p = 0.01

Specific organ involvement:
salivary glands 61.1 vs 38%;
p = NA
lacrimal glands 22.2 vs 10%;
p = ? Orbits 22.2% vs 10%;
p = NA

Serum IgG4: Elevated IgG4:

79% (26/33) vs 29% (12/41)

Eosinophilia: 45% (15/33) vs
17% (7/41)

Elevated IgE: 61% (20/33) vs
15% (6/41)

Sex and age

Number of organs involved
Specific organ involvement
Serum IgG4

Blood eosinophils

Serum IgE

Plasmablasts

Number of organs involved
Serum IgG4

Blood eosinophils

Serum IgE

IgG4-RD RI

Relapse

Serum IgE

Sex and age
Number of organs involved

Sex and age
Serum IgG4

Sex and age

Blood eosinophils
Serum IgE

Blood eosinophils
Serum IgE

Serum IgE

(continued)
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Different parameter Similar parameter

Kamisawa et al., 2009 Specific organ involvement: Sex and age
(Japan)*? Less obstructive jaundice and Serum IgG4
20 allergic vs 25 non-allergic abdominal pain; p = 0.012 and
AIP p=0.013
Eosinophilia (>600 cells/mm3):
25% vs 0%; p = 0.013
Eosinophil count: 292.50 vs
160 cells/mm3; p = 0.048
Elevated IgE (>580 IU/mL): 80%
vs 0%; p < 0.0001
Serum IgE: 793.50 IU/mL vs 176
IU/mL; p = 0.00001
Yamamoto et al., 2019 Age: 60 vs 65 years old; Sex
(Japan)®® p < 0.005 Number of organs involved
163 sensitized (82 allergic) vs Serum IgE: 612.66 + 1604.96 vs Specific organ involvement
94 non-sensitized (32 allergic) 201.18 £ 285.91 IU/mL; Serum IgG4
DS p < 0.05 Blood eosinophils

Table 4. (Continued) Differences and similarities between allergic/atopic and non-allergic/atopic patients in IgG4-RD. AIP, Auto-immune
pancreatitis; DS, Dacryoadenitis and sialadenitis; IgG4-RD Rl, InmunoglobulinG4-related disease responder index; NA, not available

calculated using Chi2 test (p = 0,0023; p = 0,0004
and p = 0,0079 respectively). Yamamoto et al
demonstrated that sensitized patients were slightly
younger (60 vs 65 years) and had higher serum IgE
(612.66 + 1604.96 vs 201.18 £ 285.91 IU/mL) than
non-sensitized patients. They found no difference in
regard of sex, organ involvement, IgG4, and
eosinophils.>®

IgE IN IgG4-RD

Total serum IgE are elevated in most subjects
with  IgG4-RD *1819.21,2325,27,36,38,43,44,54,63,64
Thirty-five to 67% of patients have serum IgE
higher or equal to 100 1U/mL."%2"23:2538 Matsyi
et al demonstrated that 89.4% had serum IgE
above 170 U/mL®* and Saeki et al that 56% had
more than 250 IU/mL.*® Chen et al reported that
IgE level was increased in 83,6% of patient, but
threshold was not indicated.** In a large cohort
of 425 patient, median IgE was 347 (IQR 126-
752) KU/LAT Similar values were identified in a
smaller cohort in Japan (384.6 + 565.4 1U/mL).%”
In Occident, Della-torre et al reported a mean
concentration of 523 IU/mL (range 129-1869)"?
and Grados et al reported a median IgE level of
627 + 1092 UI/I.?* 1gG4-RD patients also have
higher serum IgE than healthy subjects. Culver et al
demonstrated IgE levels >125 kIU/L in 54% of IgG-
RD vs 6% of HC; p < 0.001. Serum IgE was also

increased in their high serum IgG4 group (median
323 kIU/L; range 3.31-2024) compared to normal
IgG4 group (median, 55.7 kIU/L; range, 5.11-4457)
(P = 0.003). It also had the ability to distinguish
IgG4-RD from diseases control with elevated 19gG4,
area under the curve was 0.69 (p = 0.004; 95% CI,
0.57-0.81).% IgE levels are also higher in IgG4-RD
than Sjogren’s Syndrome (SS) (307.4 vs 15.3 U/
mL; p = 0.005).*¢ In the AIP cohort, IgE are also
elevated.*®*? Hirano et al had 86% of patients
with elevated IgE with average value of 679 U/
mL (range, 67-3000).52 Levels of IgE are also
high in patients with DS®>°” and tubulointerstitial
nephritis.®* Lanzillotta et al showed that serum
IgE were the highest in patient with pancreato-
hepato-biliary disease and Mikulicz's syndrome
with systemic involvement (median 283 and
2191U/mL) and lowest in RPF and/or aortitis (me-
dian 691U/mL) (p = 0.02).>" Also, patients with
ophthalmic involvement have elevated IgE more
frequently than patient without. (87% vs 71%,;
p = 0.008).2¢

Patients with elevated total serum IgE have
some distinguishing features. In a large cohort,
Zhou et al compared 399 patients with elevated
IgE (>60 KU/L) to 60 patients with normal level.
Patients with higher IgE had more organ involved
and higher 1gG4-RD RI score. Submandibular
glands and pancreas were the most frequently
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involved. Serum IgG4 and eosinophils were higher.
Also, they had more frequent allergies (46,4% vs
26,7%; p = 0.004)"® However, this finding was not
described by Sanders et al.?®

EOSINOPHILS IN 1gG4-RD

Eosinophils are also elevated in IgG4-RD; the
percentage of patients with eosinophilia (defined
as >500 cells/pL or >0,5 x 10%/L) varies from 19 to
389.419.21-2325.27,3641,434465  \Whon  present,
eosinophilia tends to be moderate. In a Della-
Torre et al cohort, mean eosinophil count was
463 cells/pL (range: 20-2000). For patients with
eosinophilia (27%), mean was 1062 cells/uL (range
600-2000)." Culver et al reported eosinophilia in
38% of IgG4-RD (median: 0.44 x 10%/L; range:
0.0-5.05) and 9% of HC (median: 0.16 x 107/L;
range: 0.05-0.78) (p = 0.0042)* Patients with
hypereosinophilia (>1,5 x 10%/L) are rare. In a
cohort of 87 patients, Zhang et al identified only
3% of hypereosinophilia.*’ In AIP, eosinophilia
was reported in 11% (>600 cells/uL),**16% and
28% (>500 ceIIs/uL).?’“'35 Eosinophilia is also
more frequent in AIP compared to HC (12 vs 0%
p = 0.0004).3* In tubulointerstitial nephritis, it is
observed in 48% of patients.®® Cases of
overlapping hypereosinophilic syndrome and
IgG4-RD have also been reported. Moussiegt
et al reported 44 cases among the French
cohort.®®

Eosinophils are also present in tissue of patient
with IgG4-RD." Culver et al identified eosinophils
infiltration in 86% (32 of 37) of specimens. It was
higher than 10 eosinophils/high power field in
73%.% In AIP, Sah et al also demonstrated
moderate to severe eosinophilic infiltrates 13
patients (54%).>* They are also present in 48% of
inflamed glands of patients with sialadenitis.>”

In addition to allergies, eosinophilia is also more
frequent in patient with DS. Wang et al demon-
strated 32% of eosinophilia in DS, 41% in DS with
other organ involvement and 17% in the group
without DS (p = 0.048).3° In 1gG4-ROD, eosino-
philia was also found in 28%, but difference
compared to subjects without ophthalmic disease
was not statistically significant.?® There is also no

difference between patients with or without
pulmonary involvement.®®

Patients with and without eosinophilia differs. In
a large cohort of 425 patients, Zhang et al
demonstrated that patients with eosinophilia tend
to be male (73.3% vs 57.1%, p = 0.007), to have
longer disease duration (12 months vs. 10,
p = 0.034), dacryoadenitis (61.9% vs 16.4%,
p = 0.014), submandibular sialadenitis (65.9% vs
49.5%, p = 0.007), lymphadenopathy (55.3% vs
42.0%, p = 0.037), and skin rashes (7.4% vs 2.7%,
p = 0.034). They were also likely to have higher IgE
(408 vs 302, p = 0.01) and IgG4 (17.00 vs 6.50,
p < 0.001). They also tend to have a lower remis-
sion rate, but it was not statistically significant
[83.8% (160/191) vs. 72.9% (35/48), p = 0.096]. No
difference regarding the incidence of allergy was
identified in their cohort*” However, Sanders et al
showed that eosinophilia was associated with
allergic manifestation with an odd ratio of 3.27
(1.19-9.02).%2° Chen et al also demonstrated that
the percentage of eosinophils correlated with the
number of organs involved.*® In AIP, Sah et al
reported higher frequency of allergy 6/22 (27%)
in patients with eosinophilia vs 6/56 (11%) in
patients without, but it was not statistically
significant. There were no differences between
AIP profiles or difference regarding eosinophilic
infiltration.®*

Since IgG4, IgE and eosinophils are elevated in
many patients with IgG4-RD, reflecting Th2 inflam-
mation, many looked at correlation between those
parameters. Most studies showed significant positive
correlation between serum level of IgE and
IgG4.4 1819434667 This finding is not surprising
since it is also found in normal population.®®
However, 3  others did not  identify
correlation. 24454 Studies specifically on IgG-
RDS®® and AIP®? also did not. Regarding the
correlation between eosinophils and IgG4, most
studies demonstrated a positive
correlation,*?#1434¢ including IgG4-RDS cohort.®®
Only 1 study did not?® This phenomenon is
surprising and possibly inherent to Ig4-RD pathol-
ogy. Indeed, in normal subjects, there is no correla-
tion between IgG4 and eosinophils.®® Four studies
also showed positive correlation between serum
IgE and eosinophils count.*'84167 |t was not
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reproduced in 2 others, including an IgG4-RDS
cohort.'?:3

ALLERGY AS A RISK FACTORS OF
RELAPSE

Allergy and elevation of IgE, eosinophils, and
IgG4 have been identified as risk factors of relapse
in IgG4-RD. Allergy itself was identified by Liu et al
and Peng et al as a risk factor of relapse (OR 3.058
95% Cl 2.039-4.587; p < 0.001)*° (OR 2.647 95%
Cl 1.205-5.816; p < 0.015),*®* but it was not
reproduced in other studies."®?*%? Elevated
eosinophils, IgE and IgG4 were also found to be
risk factors of relapse in a cohort of 60 biopsy
proven IgG4-RD treated with rituximab by Wal-
lace and al: absolute eosinophil levels (HR = 5.5,
95% ClI: 1.4, 22.0) and IgE (HR = 6.9, 95% CI: 1.4,
33).°® Four other studies also confirmed
eosinophils as a risk factor for relapse in IgG4-
RD,18274245 KLyt 2 did not?®4% Association
between high total serum IgE and relapse was
found in 3 studies.*'®%2 In a large cohort of 435
patients, Zhou et al identified more relapse in
patients with elevated baseline IgE >60 KU/L
(16,2% vs 29,0%; p = 0.039), but follow-up IgE
levels could not predict relapse. Hazard ratio for
relapse with IgE levels of >125 KU/L was 1.894
(95% ClI 1.022-3.508; p = 0.042). Moreover, in
patients with elevated IgE, lacrimal gland, sub-
mandibular gland, and kidney were also associ-
ated with relapse.’® DS was also associated with
relapse in 2 studies.*®*? Results regarding
elevated IgG4 are discording, Zhou et al also
reported higher risk of relapse as did Wallace
et al, but it was not supported by others.*® In a
study specifically on IgG4-ROD, allergy, eosino-
phils, IgE and IgG4 were not risk factors of
relapse.?®

ALLERGY/ATOPY AS A CAUSE OF IgG4-
RELATED DISEASE

To date, no allergens were identified as a cause
of IgG4-RD. No common culprit could be identi-
fied with slgE and/or skin prick testing and no
temporal link with the beginning of allergies and
IgG4-RD symptoms. Sanders et al reported that
the allergies predated the onset of IgG4-RD by
many years, also IgG4-RD did not impact allergic
symptoms.?® Bagjir et al also reported that the
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timing of asthma did not correlate with the
beginning of IgG4-RD.? Since chronic allergen
exposure shifts the production of IgE to IgG4
(modified Th2 hypothesis), we could wonder if
AIT could promote IgG4-RD. Della-Torre et al
found no pathogenic link between AIT and 1gG4-
RD even if in their cohort AIT was used more
frequently in patients with IgG4-RD (5%) than in the
general ltalian population (less than 2%). Of 116
subjects, 6 received AIT for aeroallergen allergy.
There was no difference in epidemiologic, clinical,
and immunologic features.®® Culver et al
demonstrated elevated |gG4 response to diverse
antigens. IgG4 radioassay to egg, milk, peanut,
banana, rice, wheat, and cat were performed on
24 patients. Titers of most specific IgG4 antigens
were higher in patients with IgG4-RD than in HC.
This finding is not surprising given the polyclonal
increase of serum IgG4 in IgG4-RD patients. There
was no correlation between serum IgE and specific
IgG4.2* However, this study was small, and the
selection process of the allergens tested was not
explained. Moreover, the diagnostic value of
specific IgG4 is unknown. A WAO position paper
does not recommend specific 1gG4 testing for
the identification of allergens.”® In a study on a
Spanish adult population (n = 469), IgG4 were
higher in male and atopic adults. Asymptomatic
patients with positive skin test/elevated IgE were
those with higher 1gG4 levels, reinforcing the
neutralizing role of 1gG4 antibody in normal
population. Five individuals had I1gG4 levels
above 135 mg/dL in this cohort, after a median
of 11 years of follow-up, no case of IgG4-RD was
identified.®®

IgG4-RD, A TH2 DISEASE

IgG4-RD is rather a TH2-inflammatory disease
than an allergic disease. Classical Th2 cytokines IL-
4227173 157172 and IL-137" are elevated in
patients’ serum. They are known to contribute to
B cell proliferation and isotype class switching to
IgE. IL-5 induces maturation and proliferation of
eosinophils.”* IL-10, that is additionally produced
by TH2 cells and T regulator cells, is also elevated
in IgG4-RD.”""73 Recently, thymus and activation-
regulated chemokine (TARC), which is elevated in
patients with atopic dermatitis and asthma, was
shown to also be elevated in patients with IgG4-
RD.72757¢ TARC ligates to CCR4 and CCR8 on
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Th2 cells and stimulates Th2 dominant
inflammatory  response.””  Umeda et al
demonstrated that TARC was higher in IgG4-RD
compared to SS and HC, particularly if lung
involvement was present. It correlated with 1gG4-
RD RI score and number of organs involved. They
also proved that TARC induces the formation of
plasmablasts in patients with IgG4-RD indepen-
dently of allergic status; however, this was not
observed in HC.%®

Interestingly, in 2014, in a cohort of 18 atopic vs
21 non-atopic IgG4-RD patients, Mattoo et al
showed that IL-4, IL-5 and IL-13 were highly pro-
duced by CD4+GATA3+ cells (Th2) of atopic IgG4-
RD patients, but not in non-atopic. They concluded
that Th2 inflammation reflected an underlying
allergic condition and was not a fundamental
characteristic of IgG4—RD.2° Moreover, in 2016,
Mattoo et al examined TCR-B repertoire of
CD4+GATA3+ TH2 cells in 4 1gG4-RD subjects
with atopy. The expansion was polyclonal in com-
parison to the oligoclonal expansion of
CD4+SLAMF7+ CTL2" However, other studies
demonstrated that Th2 were higher in 1gG4-RD
subjects.?%7%79 Both Grados et al and Cargill
et al demonstrated Th2 and TfH2 profile that were
independent of the allergic/atopic status.?%7?

T follicular helper cells (TfH), particularly Tfh2, are
implicated in the pathogenesis of the disease. They
are found in higher proportion in IgG4-RD,?%3%79.80
though some found an elevation of Tfh1.2%2" TfH2
cells correlates with lgG4,2239.79-81
plasmablasts, 22397981 and IL-4 levels.”?8"82
Chen et al also demonstrated a correlation with
IgG4-RD RI and number of organs involved.®?
Maehara et al showed that IL-4+BATF + Tfth were
abundant around GC in IgG4-RD and could be
linked to 1gG4 class switching. BATF is a known
transcription factor for IL-4 production in murine
model. They correlated to serum IgG4 and plasma-
cytes in tissues. Those Tfh producers of IL-4
expressed high levels of Bcl6 and BATF but low
GATAS3. In transcriptomic studies, there was high
levels of IL-4, but low level of IL-5 and IL-13.4¢
Moreover, Maehara et al showed that excessive
production of IL-21 by TH2 cells in IgG4-RD
induced expression of Bcl-6, which results in for-
mation of multiple germinal centers.®® Chen et al
also found high level of Bcl-6 and IL-21 in tissues.®°

Additionally, Tsuboi et al demonstrated that IL-10,
TGF-B, and AID were participating in 1gG4 class
switching.”® However, Akiyama et al showed that IL-
4 and IL-21 enhanced the production of IgG4, but IL-
4 did it preferentially in 1IgG4-RD and not in HC.
Interestingly, IL-10 and IL-13 did not induce IgG4
production.2? Dupilumab, a monoclonal antibody
that block IL-4 receptor alpha chain common to
both IL-4 and IL-13 receptors, could therefore be a
focus therapeutic option for IgG4-RD. Its efficacy has
been proven in other Th2 pathology such as asthma
and atopic dermatitis.®4#° However, to date, only 2
cases of IgG4-RD have been described. Simpson
et al reported a patient successfully treated with
dupilumab; however, the patients may have been
also received corticosteroids.?® Ebbo et al also
reported a patient that was successfully treated
with maintenance dupilumab. It was associated
with a reduction of total T helper 2 cells, T follicular
helper (Tfh) cells, Tfh2 cells and plasmablasts.
However, interestingly; although serum IgE
significantly declined, serum IgG4 only slightly
decreased.?”

MAST CELLS AND BASOPHILS IN IgG4-RD

Mast cells and basophils could also be a source of
TH2 cytokines. Culver et al identified IgE-positive
cells (presumably mast cells) in 50% (4/8) of bi-
opsies at >10/HPF. Mast cells are known to secrete
Th2 cytokines®® and to stimulate fibrosis®? under
chronic stimulation of FceRI by elevated IgE without
antigen stimulation.”® Hence, mast cell infiltration
was found in IgG4-related fibrosclerotic mesenteric
mass.® Nishida et al also showed more
internalization of IgE and FceRl in IgG4-RD mast
cells compared to non-specific lymphoid hyperpla-
sia, which could reflect mast cells activation.”’
Takeuchi et al also demonstrated that mast cells
present in biopsies were producers of IL-4, IL-10,
IL-13, and TGF-beta. They did not seem to be pro-
duced by T cells of T regulator cells (Treg). TGF-beta
produced by mast cell could induce differentiation
of Treg.???* Regarding basophils, a small study
showed they induced IgG4 secretion (not IgE) by B
cells via BAFF production upon stimulation by
TLR2 and TLR4. IL-13 and T cells were not neces-
sary.”* Basophils could also activate Th2 via IL-4
secretion although it remains controversial.”* Th2
inflammation could also be in part induced by M2
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macrophages via production of IL-33 after stimula-
tion of TLR7.757¢

In conclusion, the exact role of allergy/atopy in
IgG4-RD pathogenesis remains unclear. Th2/Tth2
profile seems to be inherent to IgG4-RD itself, as
are elevation of IgE and eosinophils. Production of
IgG4 is also secondary to polyclonal expansion
IgG4-switched B cells rather than an oriented
response as in Th2 modified hypothesis and AIT.
Allergic rhinitis and asthma are frequent. Despite
being present in a high proportion of patients,
there is no clear causality link between allergy/
atopy and IgG4-RD. No common allergen has
been identified. However, allergic/atopic subjects
show some particularities within IgG4-RD patients:
possibly more head, neck, and thoracic involve-
ment, higher IgE and eosinophils and less RPF. An
immune dysfunction common to allergic/atopic
patients could contribute to this phenotype.
Moreover, patients with DS could represent a
specific subgroup as they have higher prevalence
of allergies, higher IgE and eosinophils, and higher
rates of relapse. We could wonder if chronic
allergen stimulation of ORL sphere is modifying
the phenotype. However, many observations were
made in small and retrospective studies. Allergy
tests were rarely used to confirm diagnosis and
were not analyzed considering symptomatology of
patients. Larger studies with stronger allergy eval-
uations are needed to provide an accurate picture
of the allergic population within IgG4-RD. The role
of innate immune cells implicated in allergy, such
as eosinophils, mast cells and basophils, should be
investigated further. Also, specific TH2 cytokine
targeted therapy, such as dupilumab,®” should be
investigated further, as they could offer an option
to conventional therapy of corticosteroids and
rituximab that are not used without side effects.
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