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A B S T R A C T

IgG4-related disease (IgG4-RD) represents an immune-mediated fibroinflammatory condition with peculiar his-
topathologic changes that can affect various organs. In 2012 its unified nomenclature was published, which al-
lows to abandon other synonymous names. Up to now, only little is known about its epidemiology around the
world. However, although it is generally considered a rare condition, the number of patients with IgG4-RD is
increasing enormously. Likewise, the annual number of publications on this subject has increased progressively.
The spectrum of clinical manifestations in IgG4-RD is highly variable, depending on the severity of the disease as
well as the presence of organ(s) involvement. This review gives an overview on changing epidemiology of IgG4-
RD focusing the attention on the large cohorts of patients published in the literature.
1. Introduction

IgG4-related disease (IgG4-RD) is a rare multiorgan condition char-
acterized by three pathology features: lymphoplasmacytic infiltration,
storiform fibrosis, and obliterative phlebitis [1]. The hallmark of this
condition is the IgG4-positive plasma cell infiltration in affected organs.
Various organs may be either simultaneously or consecutively be
involved (Table 1 [2]), of whom the most commonly affected are
pancreas, biliary tree, salivary and lacrimal glands, retroperitoneum and
lymph nodes. The disease has been underrecognized for many years and
was firstly described in 2003 in 7 patients with an initial diagnosis of
autoimmune pancreatitis (AIP) in whom an extensive organ involvement
with IgG4-positive plasma cell infiltration was described [3].

The first International Symposium on IgG4-RD was held in Boston in
2011, when the name and definition of these conditions were recognized
internationally. Subsequently, the 2nd and the 3rd International Sym-
posia were organized in 2014 and 2017 respectively, in order to establish
the diagnostic standard and guidelines. Finally, the 4th Symposium on
IgG4-RD was planned in November 2020 in Japan, but it is postponed in
December 2021 because of COVID-19 pandemic expansion. This review
gives an overview on changing epidemiology of IgG4-RD focusing the
attention on the cohorts published in the literature and on IgG4-related
pancreatitis and IgG4-sclerosing cholangitis.
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1.1. Diagnosis

The diagnosis of IgG4-RD is based on a combination of clinical, his-
topathologic, and serologic grounds. In 2014 the Japanese team pub-
lished comprehensive diagnostic criteria for IgG4-RD [4]. Diagnostic
criteria are based on: 1) organ enlargement, mass or nodular lesions, or
organ dysfunction; 2) increased serum IgG4 concentration >135 mg/dl,
and 3) infiltration of IgG4þ cells (>10 cells/high power field (HPF) and
IgG4þ/IgGþ cell ratio >40%). Patients who fulfil the organ-specific
criteria (1,2,3) have a definite diagnosis. A diagnosis of IgG4-RD is
possible in patients who fulfil criteria (1) and (2), but with negative
results on histopathology or without histopathologic examination,
whereas a diagnosis of IgG4-RD is probable in in patients with organ
involvement (1), but without increased IgG4 concentration. As observed
by Fox et al. [5], IgG4-RD tends to be both underdiagnosed and over-
diagnosed. Underdiagnosis is due to a lack of recognition of this condi-
tion, mainly for the lack of utilizing a specific immunohistochemical
approach. Overdiagnosis can result from a non-correct approach or
interpretation of a slight increase in serum IgG4, or nonspecific infiltra-
tion of IgG4-positive cells in other mimickers. Useful methods of diag-
nosing IgG4-RD have been suggested by Umehara et al. [6] with
combination of comprehensive diagnostic and organ-specific criteria, or
the 2019 American College of Rheumatology (ACR)/European Legue
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Table 1
Organ involvement in IgG4-RD (from Della-Torre et al., modified [2].

Head and neck

Orbits and periorbital
tissue

IgG4-related orbital disease

Salivary and lacrimal
glands

IgG4-related sialadenitis

Thyroid IgG4-related thyroiditis
Ear, nose, throat IgG4-related sinusitis
Thorax
Lungs IgG4-related lung disease
Pleura IgG4-related pleural disease
Mediastinum IgG4-related mediastinitis
Breast IgG4-related mastitis
Abdomen and pelvis
Retroperitoneum IgG4-related retroperitoneal fibrosis
Pancreas IgG4-related pancreatitis
Biliary tree IgG4-related sclerosing cholangitis
Liver IgG4-related autoimmune hepatitis
Kidney IgG4-related tubule-interstitial nephritis/

glomerulonephritis
Gastrointestinal tract IgG4-related gastrointestinal disease
Mesentery IgG4-related sclerosing mesenteritis
Prostate IgG4-related prostatitis
Testis IgG4-related epididymitis-orchitis
Nervous system
Pituitary gland IgG4-related hypophysitis
Peripheral nerves IgG4-related neuropathy
Meninges IgG4-related pachymeningitis
Cardiovascular system
Heart and pericardium IgG4-related cardiac disease
Aorta IgG4-related periaortitis
Lymph nodes IgG4-related lymph adenopathy
Skin IgG4-related skin disease
Bone IgG4-related disease of the bone
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Against Rheumatism (EULAR) classification criteria for IgG4-RD [7].

1.2. Pathogenesis

The pathogenic mechanisms underlying IgG4-RD are poorly under-
stood. Indeed, it is not clear whether IgG4-RD is caused by an abnormal
acquired immunity, like autoimmune disease, and whether the increased
IgG4 production acts through a direct pathogenic mechanism triggering
the disease (Fig. 1). It has been suggested that IgG4 have an anti-
inflammatory effect, rather than a pro-inflammatory role [8]. The
crosstalk between innate and acquired immunity has been hypothesized
to have a key role [9]. An increased production of Th2 cytokines (IL-4,
IL-5, IL-10. IL-13) has been found to be enhanced in IgG4-related
pancreatitis and cholangitis [10]. These cytokines are potent activators
of B-cell IgE production and eosinophil recruitment. Moreover, an
increased infiltration of inducible-memory T regulatory cells (Tregs) in
affected tissue and blood, with upregulation of IL-10 and tumour growth
factor-β (TGF-β) has been observed in patients with IgG4-RD [11,12].
TGF-β production from Tregs may stimulate fibroblasts causing fibro-
genesis, a prominent feature of advanced-stage disease. Moreover, Tregs
can exert a regulatory function through IL-10 secretion, inducing
IgG4-secreting plasma cells. Other potential sources of IL-10 include
macrophage, dendritic cells and basophils. One study reported the
involvement of IL-10 and TGF-β�secreting basophils in tissue of patients
with IgG4-related submandibular gland disease [13]. BAFF and APRIL, in
concert with IL-21 enhance IgG4 production via promoting the expansion
of IgG4-committed B cells [14,15].

1.3. Histopathology

The HISORt acronymous has been proposed for remember the clinical
features of IgG4-RD: histopathology and immunostaining, imaging,
serology, organ involvement, and response to therapy [16]. These
criteria, originally developed for AIP, were adapted for IgG4-RD. First of
2

all, histopathology and immunostaining must rule out malignant disease,
which in practice will often require fine-needle aspiration, biopsy, or
surgical samples. The major histological features include: i) a dense
lymphoplasmacytic inflammatory infiltrate with increased numbers of
IgG4þ plasma cells and often increased eosinophils; ii) a storiform
pattern of fibrosis; iii) obliterative phlebitis [17]. IgG4þ plasma cells may
be diffusely increased or distributed in variable dense patches. A
Consensus Statement on the pathology of IgG4-RD was held in Boston in
October 2011, with 35 International experts [18]. The quantitative
assessment of the IgG4 staining was also recommended. In IgG4-related
pancreatitis the finding of >30 IgG4þ plasma cells per high power field
(hpf) has been reported to have acceptable specificity, otherwise a
number >50/hpf is reported as highly specific [18]. The storiform
fibrosis is a swirling pattern of fibrosis which may have a patchy distri-
bution, and therefore be missed with small biopsies. It is constituted by
fibrotic collagen deposition containing fibroblasts and myofibroblasts, in
a similar way as fibro-histiocytic malignancies. Obliterative phlebitis can
be identified in veins with inflammatory infiltrate filling both the walls
and lumina [18].

1.4. Role of the immunoglobulin G4 molecule

The role of serum IgG4 concentration in the diagnosis of IgG4-RD is
still debated. Based on the diagnostic criteria established by the
Consensus Conference on IgG4 [7], a serum concentration of IgG4 >135
mg/dl has been included in the comprehensive criteria together with
clinical symptoms (swelling or masses of single or multiple organs, his-
topathological findings (extensive infiltration of IgG4þ plasma cells and
fibrosis), and imaging changes (depending on single or multiple organ
involvement). A meta-analysis including 23 studies comprising 6.048
patients with IgG4-RD the pooled sensitivity was 85% (CI 78–90%), the
pooled specificity was 93 (CI 90–95%), and area under curve was 0.95,
which suggested a high diagnostic accuracy of serum IgG4 for the entity
of IgG4-RD [19]. Limitation of this study include the variability of design
in the studies and the poor quality of reporting in the primary studies.
However, it should be noticed that in situations of chronic antigen
exposure IgG4 result increased in 80% of cases, thus reflecting the
development of humoral tolerance. In fact, IgG4 has been defined as “odd
antibody” [20]. IgG4 is involved in attachment of heavy or light chain
way in two different antigen-combining sites (this process has been
defined as “Fab-arm exchange”). Another aspect is its tendency to mimic
IgG rheumatoid factor activity by interacting with IgG on a solid support
[21]. In many situations IgG4 are linked to allergies. In fact, both IgE and
Ig4 require help by Th2 cells. Moreover, in clinical situations, such as
pemphigoid disease, IgG4 is associated to a pathogenic effect [21]. A
critical question is whether tissue infiltration with IgG4-positive plasma
cells and increased serum IgG4 concentration contribute directly to dis-
ease pathogenesis. In patients with type 1AIP serum IgG4 was able to
bind with normal human bile and pancreatic duct epithelia, a reaction
that was abolished by steroids [22]. Evidence also exists on the corre-
lation of serum IgG4 and severity of disease. In grafts from patients with
primary sclerosing cholangitis (PSC) marked hilar IgG4-positive lym-
phoplasmacytic infiltration was found to be associated with the presence
of dominant biliary strictures [23]. In IgG4-SC the presence of a subset of
clonally expanded IgG4þ B cells in blood and affected tissue was
demonstrated, suggesting that an antigen-mediated immune-response is
pivotal in the pathogenesis of IgG4-SC [24]. Alternatively, this B cell
expansion may reflect an amplified humoral response to an inflammatory
environment with polyclonal expansion of pre-existing IgG4-switched B
cells of multiple specificities [25].

1.5. Genetic factors

The majority studies on the role of genetic factors in the pathogenesis
of IgG4-RD regard the autoimmune pancreatitis (AIP). An association
between susceptibility for AIP and HLA genes has been studied in the



Fig. 1. Pathogenic mechanisms of IgG4-RD: a) Eventual initial mechanisms include local autoantigens, infectious agents, allergic components in a genetically pre-
disposed individual; b) These factors activate immune reaction in the target tissue (organ/organs) which is characterized by Th2 predominance with an increased
production of cytokines (IL-4, IL-5, IL-13) and tumour growth factor -b (TGF-b). Moreover, an activation of Treg, a release of IL-10 and elevated serum IgE occur. The
immune reaction also causes a B cell class switching with an increased production of IgG4 producing plasma cells. APC ¼ antigen presenting cell; Tc ¼ cytotoxic T
lymphocyte; Treg ¼ regulatory T cell.
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Japanese population [26,27]. In the former study [26] 40 patients with
AIP, 43 with chronic calcifying pancreatitis, and 201 healthy Japanese
subjects were enrolled. An association between DRB1*0405-DQB1*0401
haplotype and susceptibility for AIP was observed [26]. In the latter
study, further genetic analyses were addressed in the same population of
the former study. The HLA-linked susceptibility region was confirmed for
the DQB1*0405-DQB1*0401 haplotypes and was also observed an as-
sociation between ABCF1 in the HLA I and AIP. Relapse in AIP was
observed with HLA-A, HLA-C, HLA-DQB1 [27] and with the non-aspartic
3

acid at DQB157 [27]. The newest genome-wide association study on
IgG4-RD has been performed in Japan enrolling 857 patients with
IgG4-RD and 2082 healthy controls [28]. Two susceptibility loci were
identified: HLA-DRB1 and FCGR2B which may have important roles in
IgG4-RD development. The strong genetic association between HLA
DRB1 and IgG4-RD highlights the fundamental role of the HLA locus in
the onset of immune-related disease, as in asthma [29]. On the other
hand, FCGR2B is known to be a major genetic factor of systemic lupus
erythematosus (SLE); The additional association in the variant
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rs1050501 found by the Japanese authors [28] has been found to
destabilise the anchoring of FCGR2B in the cell membrane, resulting in a
reduced suppressive effect on the immune response. These opposing
genetic associations of HLA and FCGR2B between IgG4-RD and SLE are
interesting and might in part explain the phenotypic differences between
the two diseases.

Interestingly, a newly described gene variant in fibroblast growth
factor binding protein 2 (FGFBP2) has been found in a heterozygous form
in a father with IgG4-RD and in two sons with elevated plasma IgG4
concentrations and high levels of circulating IgG4 plasmablasts and CD4þ

cytotoxic T cells [30]. This finding rises the possibility of familial clusters
of IgG4-RD. Moreover, as FGFBP2 protein is secreted by cytotoxic T cells
and binds fibroblast growth factor, an alteration in this protein might
enhance the CD4þ T cell function, and consequently might play a role in
the pathogenesis of IgG4-RD.

In addition to HLA loci, several non-HLA gene have been identified as
risk genes in IgG4-RD [31,32] (Table 2). A high-throughput sequence
analysis was performed in 27 Japanese patients with AIP with the aim to
identify possible gene candidates for this disease [31]. The authors
identified nine, eight and two candidate variants associated with the
development of type 1 AIP, AIP relapse, and extra-pancreatic lesions.
Among the 9 candidate genes associated to AIP susceptibility, P2RX3
(c.195delG) and TOP1 (c.2007delG) showed a high significant associa-
tion. P2RX3 constitutes a positive autocrine signal for release of insulin
from pancreatic β cells and contributes to the pancreatic pain in chronic
pancreatitis. TOP1 which encodes for DNA topoisomerase, is associated
Table 2
Non-HLA genetic susceptibility for patients with IgG4-RD.

Gene SNP Association Country Reference

CTLA4 49 A/G
-318C/þ49A/CT60G
þ6230 3’, untranslated
region
þ6230G/G
þ6230A
49 A/A and þ6230A/A
genotypes

IgG4-related
pancreatitis
IgG4-related
pancreatitis
IgG4-related
pancreatitis
IgG4-related
pancreatitis
IgG4-related
pancreatitis
IgG4-related
pancreatitis

China
China
Japan
Japan
Japan
Japan

Chang33

Umemura35

TNFα -863 A/G Extra-
pancreatic
lesions

China Chang34

KCNA3 rs2840381G>A IgG4-related
pancreatitis

Japan Ota37

FCGR rs1058184A>C
rs2640480C>A
rs131978C>T
rs1801274

Chronic
periaortitis

Italy Alberici39

FCRL3 -110A/A genotype IgG4-related
pancreatitis

Japan Umemura36

PRSS1 c.2766G>T
c346C>T
c137C>T
c415T>A
c.416G>T

IgG4-related
pancreatitis

China Chang32

SPINK1 194 þ 2(IVS3þ2)TC IgG4-related
pancreatitis

China Chang34

P2RX3 c.195delG IgG4-related
pancreatitis

China Chang34

TOP1 c.2007delG IgG4-related
pancreatitis

China Chang34

CACNA1C c.5996delC IgG4-related
pancreatitis

China Chang34

CXCR3 c.630_631delGC IgG4-related
pancreatitis

China Chang34

MLL3 rs111493987C>A IgG4-related
pancreatitis

China Chang34

CFTR 26 variants IgG4-related
pancreatitis

China Chang34
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with various autoimmune diseases. Moreover, a deletion in SMAD7
leading to a loss of TGF-β signalling, has been identified in the same study
[31], as candidate genetic factor associated with the pathogenesis of AIP.
A Chinese group in Taiwan firstly reported that the cytotoxic T antigen 4
(CTLA-4) gene polymorphism is associated with risk of IgG4-related
pancreatitis [33]. More recently the same group reported an associa-
tion study including 118 patients with IgG4-related pancreatitis vs 200
healthy controls [34]. They performed a genetic analysis for the cationic
trypsinogen gene (protease, serine,1 [PRSS1] and the pancreatic secre-
tory trypsin inhibitor gene (serine peptidase inhibitor, Kazal type 1
[SPINK1] both of which are involved in pancreatic acinar cell injury.
They found a total of 19 PRSS1 variants and one SPINK1 variant in case
subjects, but none in controls (p ¼ 0.003). In the multivariate analysis
PRSS1 was negatively associated with relapse of IgG4-related pancrea-
titis. These findings indicate that the reaction to PRSS1 or SPINK1 might
stimulate the immune reaction that induces IgG4-related pancreatitis at
very early stage. Indeed, the PRSS1 variants might be associated with
endoplasmic reticulum stress and protein misfolding, with a consequent
generation of a neoantigen and induction of autoantibodies.

Umemura et al. [35] in Japan recruited 59 patients with IgG4-related
pancreatitis, 62 patients with chronic calcifying pancreatitis and 97
healthy controls. They genotyped 4 SNPs in Fcγ receptor-like gene 3
(FCRL3) and found a significant association between-110 SNP and AIP.
Interestingly, serum IgG4 concentrations were found to be significantly
correlated with the number of susceptible alleles. The same group [36]
studied 5 CTLA-4 polymorphisms in 59 patients with AIP and 102
healthy subjects. Theþ6230 G/G genotype was significantly increased in
patients compared to controls, whereas haplotype 2 (þ6230 A) was
significantly associated with AIP resistance.

The same Japanese group [37] performed an association analysis
using 400 microsatellite markers with an average spacing of 10.8 cM in
the genome; they also evaluated 7 SNPs within member 3 gene (KCNA3)
in 64 patients with AIP and 104 healthy controls. Six statistically sig-
nificant markers for susceptibility were identified (D152726, D58410,
D6S460, D105548, D15S128, D20S186). Further analysis by SNP geno-
typing in KCNA3 gene revealed that 4 SNPs were significantly associated
with the AIP susceptibility. KCNA3 encodes the voltage-gated potassium
channel Kv1.3 which regulates membrane potential ana Caþþ-signalling
in human T cells and plays an essential role in T-cell proliferation and
activation [38].

An Italian group [39] genotyped 4 candidate SNPs of the Fc GR region
in 183 cases with chronic peri-aortitis and 181 controls. They found an
association between the SNP rs1801274 of Fc fragment of IgG receptor
11A restricted to cases of idiopathic retroperitoneal fibrosis with normal
IgG4 levels.

1.6. Environmental factors and infections

Regarding IgG4-RSC and AIP a questionnaire-survey reported in two
independent cohorts that 88% of patients had a career in “blue-collar”
occupations with long-term exposure (for at least one year, but often for a
whole career) to solvents, industrial gases, and other environmental
agents, indicating a possible role of environmental factors in the devel-
opment of IgG4-SC and type AIP [40]. The same questionnaire was also
administered among a cohort of 44 patients in Oxford, and it was found
that 61% of the patients had blue-collar profession with an exposure to
potentially harmful products [41].

Gram-positive bacteria and Mycobacterium tuberculosis have been re-
ported in IgG4-RD. In particular, two cases of IgG4 plasma cell infiltrates
in association with infectious aortitis due to Gram-positive bacteria
including Staphylococcus aureus have been described [42]. It has been
suggested that Staphylococcus aureus may stimulate a Th2-mediated
elevation in IgG4 [42]. Mycobacterium tuberculosis has been observed to
be associated to a case of IgG4-related chronic sclerosing sialadenitis and
dacryoadenitis [42]. A novel antibody, peptide AIP1-7 was found in 18
out of 20 patients with AIP [43]. This peptide shows homology with an
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amino-acid sequence of plasminogen-binding protein (PBP) of Heli-
cobacter pylori, thus it was hypothesized that Helicobacter pylori may
trigger disease in a genetically predisposed host via molecular mimicry
[44]. However, a recent study investigated the exposure to Helicobacter
pylori infection, cytokine response and immunological memory to Heli-
cobacter pylori plasminogen binding protein (PBP) in a prospective
IgG4-RD cohort in UK of 55 IgG4-RD and 52 controls [45]. In IgG4-RD
gastric tissue contained a chronic inflammatory infiltrate with a low
IgG4þ plasma cell count (<10/hpf; range 1–4/hpf) and duodenal spec-
imens had an increased IgG4 count (>10/hpf, range 7–54) compared
with controls (p < 0.01). Th1 and Th2 cytokine respond and immuno-
logical B-cell memory to Helicobacter pylori PBP did not differ between
patients and controls. These results do not support a role for Helicobacter
pylori as microbial agent in IgG4-RD patients [45].

1.7. Epidemiology

From the epidemiology point of view there are insufficient data on
incidence/prevalence of IgG4-RD. The majority data come from Japan,
but it is not known whether Asian patients are more susceptible to IgG4-
RD than others; hence, the available epidemiologic data should be
interpreted carefully and according to organ involvement [46]. In a
Nationwide survey conducted in 2009 in the Ishikawa Prefecture in
Japan, the incidence of IgG4-RD was 0.28–1.08/100.000 population
with 336-1.300 patients newly diagnosed per year from 2003 to 2009;
the estimated prevalence was 62 per million subjects [47]. IgG4-RD af-
fects patients of middle to upper age, with an onset at 50–70 years [48].

1.8. Lessons from clinical studies including cohorts with IgG4-RD

Eleven studies have been published in the literature including 1498
patients diagnosed with IgG4-RD. The main clinical characteristics of
these cohorts are summarized in Table 3 [49–59]. Four studies have been
performed in Europe, one in USA, and six in Asia. Two studies utilized the
data base from the France Registry and the Spanish Registry respectively
[49,50]. Only two are prospective [51,58]. Among the 7 retrospective
studies, only one is multicentre [57]. The mean age at inclusion ranged
between 50.3 and 67 years, the M:F ratio was in favour of male gender,
and mostly had IgG4 concentration >135 mg/dl. The first European
multicentre study included 25 patients from the French Registry of the
Table 3
IgG4-RD cohorts published in the literature.

Author Year Country N. pts M:F
ratio

Age at
onset

Org

Ebbo49 2012 France 25 2.6:1 58 Lym
Fernandez-
Codina50

2015 Spain 55 3:1 56 Retr

Lin51 2015 China 118 2.3:1 53.1 Pan

Wallace52 2015 USA 125 1.6:1 50.3 Pan
glan

Quero53 2019 Spain 15 4:1 60.7 Pan
glan

Campochiaro54 2016 Italy 41 1.9:1 62 Pan

Li55 2017 Hong
Kong

104 3:1 62 Hep
retr

Fong56 2018 Singapore 42 (35
definite)

2.9:1 66.3 Pan

Inoue57 2015 Japan 235 4:1 67 Pan

Wang58 2019 China 403 1.69:1 55 Sali
retr
live
sinu

Jamada59 2017 Japan 334 1.5:1 63.8 Sali
retr
bilia
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Internal Medicine Society [49]. The inclusion criteria were elevated
serum IgG4 (>135 mg/dl), sclerosing and inflammatory involvement of
one or more organs, and histologic features of fibrosis and/or lympho-
cytic and polyclonal plasma cell infiltration.

The largest series reported in Europe derived from a retrospective
multicentre study including twelve hospitals in Spain [50]. The inclusion
criteria fulfilled the recommendation of the Consensus Conference held
in 2011 in Boston [15]. Fifty-five patients were included, 38 of whom
were males; the most frequent affected organs were: retroperitoneum,
orbital pseudo-tumours, pancreas, salivary and lacrimal glands, and
maxillary sinuses.

In China, a prospective cohort of 118 patients with patients with
IgG4-RD was enrolled between 2011 and 2013 [51]. Including criteria
were divided as: “definite disease” in the presence of: i) organ involve-
ment (enlargement, nodules or dysfunction); ii) serum IgG4 concentra-
tion >135 mg/dl; iii) histopathological findings of >10 IgG4þ cells per
high power field, and IgG4þ/IgGþ cell ratio >40%. “Possible disease”
was defined in case of presence of i) and ii) but negative of non-available
iii). “Probable disease” required i) and iii). Sixty-eight patients only
(57.6%) underwent organ biopsy, 43.2% were diagnosed with “possible
disease”, 53.2% had “definite disease”, and 2.5% had “probable disease”.

In USA medical records from 125 patients with biopsy-proven IgG4-
RD were reviewed [52]. This is the largest study of IgG4-RD affecting a
broad array of organs reported. The authors showed that IgG4-RD pa-
tients had elevated levels of circulating plasmablasts that were inde-
pendent of serum IgG4 concentrations. Moreover, the levels of
circulating plasmablasts correlated with the extent of disease activity
assessed by the IgG4-RD reactivity index.

More recently, a retrospective study in Spain included 15 patients
enrolled from 2008 to 2015 in a single centre in Barcelona [53]. All
patients underwent organ biopsy and disease inclusion criteria included
both serum IgG4 >135 mg/dl and histopathologic criteria established by
Umehara et al. [6].

In Italy a large cohort of 41 patients was included [54]; 26 with
“definite” and 15 with “possible” IgG4-RD. The mean age at diagnosis
was 62 years. Pancreas, retroperitoneum and major salivary glands were
the most frequently involved organs.

A total of 55 patients with IgG4-RD identified between January 2003
and December 2015 were studied in Hong Kong [55]. Forty-two (76.4%)
were males and the mean age was 62 � 12 years. Over 95% of patients
an involvement Serum IgG4 >135
mg/dl

ph nodes, pancreas 100% French registry
operitoneum, orbital pseudotumor – Spanish registry

creas, lymph nodes, salivary glans 97.5% Prospective,
multicentre

creas, lymph nodes, submandibular
ds

51.4% Retrospective, single
centre

creas, lymph nodes, Kidney, salivary
ds, lungs, vascular system

– Retrospective, single
centre

creas, retroperitoneum 73% Retrospective, single
centre

atobiliary system, lungs,
operitoneum, CNS, eye, skin

95% Retrospective, single
centre

creas, lymph nodes, bile ducts 77.5% Retrospective, single
centre

creas, salivary glands, kidney 88% Retrospective
multicentre

vary glands, pancreas, Lung,
operitoneum, kidney, lymph nodes,
r, gastrointestinal tract, skin, prostate,
s, orbits, thyroid

– Prospective

vary and lacrimal glands, lymph nodes,
operitoneum/periaorta, lung, prostate,
ry tree, skin, thyroid

95% Retrospective
multicentre
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had IgG4 level >135 mg/dl and a IgG4: IgG ratio of >8%. Serum IgG4
levels correlated with salivary gland involvement, but not with individ-
ual organ system.

Another retrospective study was performed in Singapore in 42 pa-
tients with IgG4-RD [56]; 76% were males and the median age was 59
years (range 18–79). Patients were identified from prospective database
in four Departments (Gastroenterology, Rheumatology, Radiology and
Pathology) in a tertiary referral centre. Seventy-nine percent of patients
fulfilled the 2011 comprehensive diagnostic criteria for “definite”
IgG4-RD, and 12.5% for “probable” IgG4-RD [5]; 83% of cases had �1
organ involvement.

A large cohort included 235 consecutive patients with histology-
proven IgG4-RD diagnosed in 8 general hospitals in Japan [57]; 143
patients (60%) presented the clinical features of autoimmune pancrea-
titis. Of note, all patients were adults, 91% of whom had 50–80 years of
age with a M/F ratio of 4:1. Interestingly, male and female patients
differed in their organ manifestations. Males had a preponderance of all
organs except for sialadenitis and dacryoadenitis which were much more
frequent in females than in males.

The largest prospective cohort published so far have been enrolled ai
Peking Union Medical College in China [58]. Interestingly, the authors
analysed the clinical characteristics of patients with IgG4-RD in female
and males. Male predominance was more significant in older patients,
with a M:F ratio ranging between 1.12 < 44 years, 1.53 between 45 and
59 years, and 3.15 > 60 years of age. Females more than males had a
history of allergy, and at disease onset more often presented with
swelling of the lacrimal and submandibular glands. IgG4-related
pancreatitis, IgG4-sclerosing cholangitis and retroperitoneal fibrosis
were more common in male patients. Finally, males had a greater chance
to respond to steroids than females and a greater risk of relapse during
follow-up (hazard ratio 3.14, P ¼ 0,003).

Finally, a more recent study has been conducted in Japan with
rheumatologists, gastroenterologists, pulmonologists, and nephrologists
[59]. In this study 334 patients with IgG4-RD enrolled from 5 University
Hospitals in Japan have been retrospectively evaluated. The diagnosis
was made according to the conventional criteria [7] in 304 patients,
whereas in those diagnosed after 2005 (30 patients) a re-evaluation of
histological samples was performed. The numbers of patients with defi-
nite, probable, and possible IgG4-RD according to the comprehensive
diagnostic criteria were 280 (83.8%), 49 (14.7%) and 4 (1.2%) respec-
tively. All patients were Japanese and it is noteworthy that the overall
prevalence of diabetes was 34.4% and was significantly higher in those
with AIP than without AIP (46.2% vs 30%, P ¼ 0.005). The most
impressive finding is that 67 malignancies appeared in 57 of the 334
patients (17.1%), lung cancer being the most frequent tumour followed
by gastric cancer, colon cancer, and prostate cancer. Low serum levels of
C3 were observed in 34.7% of patients in whom the affected organs were
kidney, lung and pancreas.

The disease is also increasingly recognized to be diagnosed in chil-
dren, and an exhaustive review has been recently published on paediatric
cases [60]. In general, disease characteristics appear to be similar to
those observed in the IgG4-RD of the adults. The median age of children
was 13 years, and there was a predominance of girls (64% in the 22
Table 4
IgG4-related kidney disease and retroperitoneum cohorts.

Author Country N. pts % of
males

Age at
onset

Organ in

Raissian62 USA 35 (kidney) 86 65 Lung, pa
Kawano63 Japan 41 (kidney) 73.2 63.7 Retroper

periaorti
Khosroshahi64 USA 13

(retroperitoneum)
79 57 Orbits, ly

Evans65 UK 28 92.9 58.2 Pancreas
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reported cases. The most important conditions were IgG4-related orbital
disease and IgG4-related pancreatitis [60]. A more recent review of the
literature [61] reported that eye manifestations, expressed mainly as
orbital mass and, to less extent, as dacryoadenitis are thought to be
common in the paediatric population.

In general, these studies document that more cases have been
described worldwide. Although an increasing incidence of IgG4-RD is
recognized, there is a need to concentrate the efforts on multicentric
studies. Several bias offer true limitations of these studies: i) the lack of a
proper epidemiological design; ii) most studies have been performed in a
single centre, with a consequence to describe a single-organ involvement;
iii) Being rare disease in Europe a Registry for rare disease is ongoing but
diagnosis of IgG4-RD is actually performed only in tertiary centres.
Apparently, there are more cases diagnosed in Asia than in Europe or
North America and this geographical difference has not been clarified.

Lessons from studies including IgG4-RD with involvement of a single
organ or a group of organs.
1.9. IgG4-related kidney (IgG4-RKD) and retroperitoneum disease

Table 4 [62–65] summarizes the most important published studies.
Due to the increased incidence of IgG4-RKD the Japanese Society of
Nephrology has established a working group to prepare diagnostic
criteria for IgG4-RKD. Briefly, the diagnostic algorithm is based on: i) the
presence of kidney damage manifested by abnormal urinalysis markers
and/or decreased renal function; ii) serum IgG4 above 135 mg/dl; iii)
renal imaging showing diffuse kidney enlargement, hypo-vascular soli-
tary mass in the kidney, and hypertrophic lesion of the renal pelvic wall
in the absence of irregularity in the renal pelvic surface; iv) renal his-
tology showing the characteristic changes of IgG4-RD (i.e. storiform
fibrosis and lymphoplasmacytic infiltrate). In contrast to the common
IgG4-RD, obliterative phlebitis is not a peculiar histological sign of
IgG4-RKD. Patients with IgG4-RKD present an extra-organ involvement
in more than 75% of cases [62,63]. The authors recommend a careful
differential diagnosis to rule out malignant disease, lupus erythematosus,
Wegner’s granulomatosis, sarcoidosis, andmetastatic carcinoma [63,64].
Finally, patients have an optimal response to steroid treatment. The mean
starting dose suggested by Evans et al. is 40 mg/day with tapering dosage
and a maintenance dosage [65]. It is not clear whether a steroid-sparing
agent might be useful. However, IgG4-RKD is often a relapsing disease
andmay lead to progressive and permanent damage in 11% of cases [65].
Combined therapy with cyclophosphamide and rituximab with good ef-
ficacy has also been reported [66].

The new discovering cases of IgG4-retroperitoneal fibrosis (IgG4-
RPF) have contributed to changing the scenario of this rare condition
formerly known as Ormond’s disease. In fact, before the description of
IgG4-RPF, peritoneal fibrosis was divided into “idiopathic” and second-
ary type. The diagnosis of idiopathic cases fulfilled the criteria of
exclusion of secondary cases, namely drug exposure, infection and ma-
lignancy [67]. Histopathology and immunostaining of tissue sampling
obtained from needle or laparoscopic biopsies are the gold-standard for
the diagnosis of IgG4-RPF. It should be noted that biopsies from
IgG4-RPF patients are likely to be less cellular and more fibrotic than
volvement Serum IgG4 >135
mg/dl

ncreas, bile ducts, liver thyroid –

itoneum, pancreas, salivary glands, lymph nodes, prostate,
c area

100%

mph nodes, salivary glands, kidney –

, lymph nodes, lungs, liver, biliary tree –



Table 5
Magnetic resonance imaging in type I IgG4-sclerosing cholangitis (Type I IgG4-
SC), isolated IgG4-sclerosing cholangitis, primary sclerosing cholangitis (PSC)
and recurrent pyogenic cholangitis (isolated IgG4-SC).

Type IgG4-SCa Isolated IgG4-SC PSC [93] Recurrent
pyogenic
cholangitis

Type1:
involvement of
lower part of
bile duct only

Type 2a:
involvement of
distal bile duct
and
intrahepatic
bile

duct with
proximal
dilation

Type 2b:
involvement of
distal bile duct
and diffuse

intrahepatic bile
duct without
proximal
dilation

Type 3:
involvement of
distal bile duct
and ducts at
hepatic hilum

Type 4:
involvement of
ducts at hepatic
hilum only

Absence of intra-
hepatic bile ducts,
bile duct lesions.
Cholangiographic
findings based on
Nakazawa
classificationa

Ductal
irregularities of
the intra- and
extra hepatic
biliary tree.
Stenosis and
saccular
dilations
(beaded
appearance).
Pruned-tree
appearance at
chronic stage

Dilated
intrahepatic bile
ducts, bile duct
strictures, calculi
within dilated
bile ducts and
morphologic
changes like
atrophy

a Nakazawa classification [92].
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biopsies from other organs, and this can delay the diagnosis. The char-
acteristics of IgG4-RPF include lymphoplasmacytic infiltrate, storiform
fibrosis, and eosinophilia which strongly correlates with IgG4/IgG ratio
[68].

1.10. IgG4-related pancreatitis

Limited data exist on incidence and prevalence of IgG4-related
pancreatitis. In the newest nationwide survey of AIP in Japan, the
overall prevalence rate was estimated on 10.1 per 100.000 inhabitants,
with an annual incidence rate of 3.1 per 100.000 inhabitants [69].
Compared to the 2011 survey, both numbers are more than doubled [70].
IgG4-related pancreatitis, termed also as type1 AIP is the typical and the
most studied manifestation of IgG4-RD on the basis of pancreatic speci-
mens [71–74]. The Honolulu Conference in 2009 established two forms
of AIP on the basis of pancreatic specimens after surgery [75]. The
presence of granulocyte epithelial lesions (GELþ) or IgG4þ plasma cells at
immunohistochemistry are the main findings that allow the diagnosis of
type 1 (IgG4þ/GEL�) or type 2 (IgG4-/GELþ). However, since these
findings are difficult to evaluate on the biopsies, the diagnosis of subtypes
of IgG4-related pancreatitis is difficult in the clinical practice [76].

Patients with type I AIP usually present with abdominal pain, weight
loss, anorexia and jaundice; usually have raised levels of IgG4 [77]. Pa-
tients can also present symptoms of pancreatic exocrine and endocrine
insufficiency that include anorexia, weight loss and new-onset diabetes.
A retrospective study performed in Toronto enrolled 57 patients with
IgG4-related pancreatitis from 2000 to 2009, 40 of whomweremales; the
mean age was 59 years (range 18–85) [78]. More recently, a retrospec-
tive study carried out in Germany collected the clinical characteristics of
40 patients with type 1 and 32 patients with type 2 [79]. Patients with
type 1 pancreatitis had a diffuse pancreatic swelling in 26/40 cases,
compared to 1/30 of type 2 (P ¼ 0.001), whereas type 2 patients pre-
sented with tumour-like pancreatic mass (suspicious for malignancy in
30/32 cases), compared to 16/40 cases of type 1 (P¼ 0.0001). Moreover,
patients with type 1 AIP had a dramatic response to corticosteroids
(whereas patients with type 2 underwent surgical resection).

Type 1 AIP is the most common form worldwide, accounting for
almost all cases in Japan and Korea, and more than 80% of cases in
Europe and US [80,81].

Diagnostic criteria proposed for IgG4-related pancreatitis by various
research groups include imaging, histologic and serological findings,
extra-pancreatic involvement and response to corticosteroid therapy.
According to the Japanese Pancreas Society [82] 3 groups of parameters
were considered: 1) diffuse or segmental narrowing of main pancreatic
duct with irregular wall and diffuse or localized enlargement of the
pancreas by imaging, such as ultrasound, computed tomography (CT) or
magnetic resonance; 2) high serum gamma-globulin (IgG or IgG4) or the
presence of autoantibodies. Such as anti-nuclear antibodies and rheu-
matoid factor; 3) marked interlobular fibrosis and prominent infiltration
of lymphocytes and plasma cells in the peri-ductal area, occasionally with
lymphoid follicles in the pancreas. In 2010 the International Consensus
Diagnostic Criteria (ICDC) of the International Society of Pancreatology
were proposed with the attempt to unify the AIP criteria. ICDC criteria
used the previous proposed criteria from the Mayo Clinic utilizing the
HISORt approach [83]. In late 2011 the Japanese Pancreas Society
released the revised criteria which were more similar to ICDC with an
important goal for each of diagnostic criteria, that is to avoid mis-
diagnosing pancreatic cancer.

Steroid treatment is recommended [84]. A large multicentre Inter-
national study including 23 institutions from 10 different countries
analysed the data from 1064 patients of whom 978 fulfilled the criteria
for type 1 AIP and 86 for type 2 [81]. Steroid remission was obtained in
99% of patients with type 1 and 92% of patients with type 2. Most pa-
tients with jaundice required biliary stent placement (71% with type 1
and 77% with type 2). Relapses were recorded in 31% and 9% respec-
tively, but retreatment was effective for induce remission (with steroids
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or azathioprine). Pancreatic cancer was diagnosed in 5 cases with type 1
AIP more than three years after the initial diagnosis [81].
1.11. IgG4-related sclerosing cholangitis (IgG4-SC)

IgG4-SC is a distinct form of chronic cholangitis characterized by
infiltration of lymphocytes and abundant IgG4-positive plasma cells in
the bile duct wall, elevated IgG4 serum levels in the majority, and strong
response to corticosteroid therapy [85]. From the epidemiological point
of view, a recent epidemiological survey conducted in 1180 departments
from health centres across Japan on the basis of a questionnaire, esti-
mated a 2.18 prevalence of IgG4-SC per 100,000 population [86]. This
condition can be divided into two types: the major type is IgG4-SC
associated with AIP, whereas the minor type is isolated IgG4-SC [85].
Patients with IgG4-SC and with associated AIP are generally older (mean
age 62 years), men (85%) presenting with obstructive jaundice [86].
Indeed, IgG4-SC produces stenosis in the lower bile duct, and thus should
be differentiated from pancreatic cancer and cholangiocarcinoma. Type 2
IgG4-SC in which the stenoses are diffusely distributed throughout the
biliary tree the differential diagnosis should include primary sclerosing
cholangitis (PSC) [87,88]. The clinic-pathologic features, imaging spec-
trum, and systemic approach to differential diagnosis of sclerosing
cholangitis have been extensively reviewed [87–89]. The most important
characteristics in the differential diagnosis of IgG4-SC and PSC, or sec-
ondary sclerosing cholangitis evaluated with radiological imaging are
listed in Table 5 [90–92]. According to the Nakazawa classification [93]
four types of cholangiographic findings for IgG4-RSC can be distin-
guished: 1) type 1 in which stenosis is located only in the lower part of
the common bile duct; 2) type 2 in which stenosis is diffusely distributed
throughout the intra- and extra-hepatic bile ducts; 3) type 3 characterized
by the involvement of distal bile ducts and hepatic hilum; 4) type 4
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characterized by involvement of ducts at hepatic hilum only. Magnetic
resonance (MR) imaging shows long-segmental, symmetrical, circum-
ferential wall thickening and delayed contrast enhancement. Long and
continuous strictures of the bile ducts with the pre-stenotic dilation are
typical finding of the IgG4-RSC. Furthermore, extra-biliary findings
associated with IgG4-RD involvement strongly suggest IgG4-RSC. Typical
cholangiographic features of primary sclerosing cholangitis include
ductal irregularities of the intra- and extra-hepatic biliary tree, stenosis
and saccular dilations which often produce “beaded” appearance. When
fibrosis progresses “pruned tree” appearance becomes evident. Differ-
ential diagnosis includes also recurrent pyogenic cholangitis in whichMR
cholangiographic findings show dilation of the central bile ducts and
rapid tapering in the peripheral bile ducts, showing multiple filling de-
fects. This aspect, known as “arrowhead” appearance, suggests the
presence of radiolucent stones; on the other hand, filling defects can also
be represented by Clonorchis sinensis worms and should be differentiated
by pneumobilia. Cholangiocarcinoma must be ruled out in case of
dominant strictures with brush sampling obtained by endoscopic retro-
grade cholangiopancreatography (ERCP).

The most important clinical and demographic characteristics of IgG4-
RD derive from a large-scale survey conducted in Japan [94]. The authors
analysed a retrospective cohort of 527 patients with IgG4-RD enrolled
from 2000 to 2015; 83% were males, and the median age at presentation
was 66.2 years, range 23–89 years. Symptoms at presentation included
jaundice (35% of cases) and itching (13%), whereas 28% of cases were
asymptomatic. Serum IgG4 were increased (>135 mg/dl) in 85.4% of
patients. Prednisolone was administered in 458 patients (88%) and was
continued in 62%. A maintenance dose�5 mg was given to 220 patients.
The treatment responses were excellent. It is noteworthy that no patients
received liver transplant, and cholangiocarcinoma was found in only 4
patients.
1.12. IgG4-autoimmune hepatitis (AIH)

A subgroup of AIH called IgG4-AIH has been recently identified in
patients who met the criteria for AIH. A review on this issue has been
recently also published [95]. Indeed, the concept of IgG4-AIH was first
published by Umemura et al., in 2007 (96); the authors reported a clin-
ical case in whom the clinical and histological criteria for definite AIH
were met and additionally two liver biopsies (the first during cholecys-
tectomy and the second 6 months thereafter) showed hepatitis with
abundant IgG4-bearing plasma cells in the liver and gallbladder. Table 6
summarizes the five studies reported in the literature [96–100]: four
studies report adult cases and one [101] paediatric cases. The hallmark of
this condition is the presence of abundant infiltration of IgG4-expressing
plasma cells in the portal tracts together with serum concentration of
IgG4 >135 mg/dl. According to the diagnostic criteria proposed by
Nakanuma [102], IgG4-AIH can be defined in the presence of elevated
concentration of serum IgG4 and infiltration of IgG4-expressing plasma
cells in the liver �10/HPF. Applying the Nakanuma criteria, only 3
studies met the diagnosis of IgG4-AIH. However, several points should be
clarified: i) whether IgG4-AIH is a hepatic involvement of IgG4-RD; ii)
whether IgG4-AIH is a subtype of classical AIH. Moreover, in the Ume-
mura’s study [98] the infiltration of IgG4-positive cells in the gallbladder
and common bile duct was observed in one of the IgG4-AIH cases,
indicating the presence of IgG4-RSC rather than IgG4-AIH.
Table 6
IgG4-related AIH.

Author Umemura97 Chung98

Country Japan Japan

N. of pts with AIH 60 26
IgG4-AIH 2 (3.3%) 9 (34.6%)
Immunostaining for IgG4þ cells/HPF >10 >5
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1.13. IgGg4-related periaortitis/periarteritis

A complete review on this topic has been recently published [103].
The involvement of IgG4 in this district is very impressive. Briefly, per-
iaortitis/periarteritis may be present in 10–30% of overall IgG4-RD and
they may also appear as an isolated lesion of IgG4-RD. The majority of
studies have been conducted in Japan and China. However, an important
study from US has been reported in 2016 [104]. The authors defined two
types of vasculitis, primary IgG4-related disease and secondary
IgG4-related vascular involvement. The former was characterized by the
presence of one or more of the followings: vessel wall thickening, vessel
wall enhancement on contrast study with 18F-Fluoro-deoxyglucose (FDG)
uptake and FDG-PET technology. Primary IgG4-vasculitis is character-
ized by a periaortic and concentric involvement. The latter is charac-
terized by abnormal perivascular soft tissue with minimal vascular wall
findings. Secondary IgG4-related vascular involvement is generally
associated with retroperitoneal fibrosis. Since serum IgG4 are not always
elevated in cases with IgG4-related aortitis or retroperitoneal fibrosis, the
Japanese Circulation Society has established specific diagnostic criteria
for IgG4-related periaortitis/periarteritis and retroperitoneal fibrosis,
taking into account diagnostic factors (abnormal radiological findings,
elevated serum IgG4, histological findings, and other organ involvement
[105].

1.14. IgG4-RD of the head and neck

Submandibular, parotid, sublingual glands, and lacrimal glands are
often involved, usually bilaterally. IgG4-related sclerosing sialadenitis of
the submandibular gland is also known as Kuttner’s disease. According to
the Sapporo Medical University and Related Institutes Database for
Investigation and Best Treatment for IgG4-RD (SMART) database the sex
ratio in IgG4-related dacryoadenitis and/or sialadenitis was roughly
equal [106]. More recently this condition has been associated to IgG4-RD
[107,108]. Patients complain of pain and swelling frequently associated
with eating. At physical examination sialadenitis may present as a
painless firm mass which mimics a tumour. Indeed, the differential
diagnosis includes malignancy and Sjogren’s syndrome. Ultrasound re-
veals hypoechoic zones with duct dilations. CT imaging shows homo-
geneous attenuation and enhancement. At MR imaging the lesions
demonstrate homogeneous low to intermediate signal intensity on
T1-weighted images with homogeneous enhancement [109]. Mikulicz’s
disease has been recently included in the IgG4-RD [110]. It is charac-
terized by a bilateral painless and asymmetrical swelling of the lacrimal,
parotid, and submandibular glands. The differential diagnosis includes
Sjogren’s syndrome, but Mikulicz’s disease in contrast with Sjogren’s
syndrome lacks anti-SSA and anti–SS–B antibodies. Thus, the diagnostic
criteria for Mikulicz’s disease include: i) symmetrical and persistent
swelling in more than two lacrimal glands and major salivary glands; ii)
IgG4 serum concentration >135 mg/dl; iii) IgG4þ plasma cell
infiltration.

IgG4-RD disease of the thyroid gland is a similarly newly recognized
entity with four postulated subcategories: i) IgG4-related Hashimoto’s
(HT); ii) fibrosing variant of HT; iii) Riedel’s thyroiditis (RT); iv) Graves
disease with elevated IgG4 levels [111]. Histology is essential for the
diagnosis with the typical changes: lymphoplasmacytic infiltrate rich in
plasma cells, storiform fibrosis, obliterative phlebitis. Phlebitis without
obliteration of the lumen and increased number of eosinophils are
Amarapurkar99 Canivetet100 Aydamir101

India France Turkey

40 28 40 (children)
10 (25%) 7 (25%9 6 (15%
>5 >10 >10
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considered unspecific.
Studies including IgG4-RD with involvement of a single organ or a

group of organs deserve some point of discussion. Firstly, several con-
ditions have been recently revisited bearing in mind the IgG4 context (i.e.
Mikulicz’s disease, Ormond’s disease, Riedel’s disease, Kuttner’s dis-
ease). Secondly, many conditions with clinical aspects resembling ma-
lignancy in whom tissue specimens are characterized by fibrosis should
complete their histopathological diagnosis with immunohistochemistry
for IgG4. Finally, the diagnosis of IgG4-RD requires comprehensive
criteria (clinical, serological, histological) according to the International
guidelines. These conditions should be managed in a multi-specialistic
way, and Scientific Societies should deserve part of their programmes
to discuss this emerging group of diseases.

1.15. Treatment

According to the International Consensus Guidance published in 2015
[112], all patients with symptomatic, active IgG4-RD require treatment,
some urgently. Glucocorticoids at a dosage of 30–40 mg per day are the
first-line agents; there is no significative difference between prednisolone
at 30 mg and prednisolone at 40 mg. Most experts agree that initial
dosage should be maintained for 2–4 weeks and tapered gradually
thereafter. The dosage is different in various centres. The goal of in-
duction therapy is to discontinue steroids 3–6 months after starting
treatment; many Japanese clinicians recommend the low-dose mainte-
nance therapy for up to 3 years [113]. In type1 AIP (IgG4-related
pancreatitis), a Japanese RCT study for usefulness of low-dose mainte-
nance Tx was recently published [114]. Based on expert opinion, inter-
national guidelines for Tx of AIP were proposed thereafter [115]. At least
one third of patients experience relapse after discontinuation of steroids,
and in this case, retreatment with steroids is indicated. Following relapse,
the introduction of steroid-sparing agent should be considered.

Rituximab (RTX), an anti-CD20 monoclonal antibody represent a
promising strategy. In a pilot study, 14 patients with IgG4-RD (7
retreated only in case of disease relapse [group 1], and 7 regularly
retreated every 6 months [group 2]) were administered with RTX and
retrospectively analysed [116]. The free relapse rate 18 months after
induction of remission treatment was significantly lower in group 1
(29%) than in group 2 (100%, p ¼ 0.006). However, it should be taken
into account the development of infectious complications (6/14 pa-
tients). However, treatment is influenced by geographical, epidemio-
logical, and clinical factors especially with respect to organ involvement.
The results of a systematic search strategy in 62 studies that included a
total of 3.034 patients has been recently published [117]. The following
regimens have been considered: first-line regimens of whom glucocor-
ticoids were given in 1.437 patients (74%), drug-free regimens in 11%
and other therapies in 2%. No therapy (wait and see management) was
reported in 264 cases (13%). Therapeutic efficacy on steroids was re-
ported in 97% of cases (but with 95% of relapses). Relapses occurred also
in 56/69 (81%) patients treated with azathioprine, 16/22 (72%) in those
treated with immunosuppressive agents, and in 9 cases (100%) treated
with rituximab. Among patients without therapy improvement occurred
in 43% of cases.

2. Conclusion

The available epidemiological data on IgG-4-RD derived from cohort
of patients with different organ involvement. It is still unknown whether
Asian patients are more susceptible to IgG4-RD than others. IgG4-RD
affects individuals of middle to upper age with onset at 50–70 years.
Only rarely it can be seen in children. Most studies report an overall
predilection for male sex. However, IgG4-related sialadenitis and
dacryoadenitis may occur more frequently among females. However, its
epidemiology is still widely unknown. The spectrum of clinical mani-
festations in IgG4-RD is highly variable, depending on the severity of the
disease as well as the presence of organ(s) involvement. Correctly
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differentiating IgG4-RD from disease mimics is crucial and a multi-
specialist team is often necessary.

Pathogenic mechanisms of IgG4-RD: a) Eventual initial mechanisms
include local autoantigens, infectious agents, allergic components in a
genetically predisposed individual; b) These factors activate immune
reaction in the target tissue (organ/organs) which is characterized by
Th2 predominance with an increased production of cytokines (IL-4, IL-5,
IL-13) and tumour growth factor -β (TGF-β). Moreover, an activation of
Treg, a release of IL-10 and elevated serum IgE occur. The immune re-
action also causes a B cell class switching with an increased production of
IgG4 producing plasma cells. APC ¼ antigen presenting cell; Tc ¼ cyto-
toxic T lymphocyte; Treg ¼ regulatory T cell.
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