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Abstract 1gG4-related disease is a heterogeneous
immune-mediated fibroinflammatory condition that can
affect every single organ. This disease is more prevalent in
the elderly (the mean age of patients is above 60 years) and
the prevalence rate is estimated to be over 4.6 per 100,000
population. Before making a diagnosis, the exclusion of
malignancies, lymphoma, anti-neutrophil cytoplasmic
antibody-associated vasculitis, multicentric Castleman
disease, and other mimickers is crucial for appropriate
treatment. Broad management guidelines have been pub-
lished emphasizing the need for prompt treatment and the
use of glucocorticoids as first-line drug therapy for induc-
tion of remission. However, the toxic effects of glucocor-
ticoids are problematic because IgG4-related disease is
more prevalent in patients above 60 years of age, a popu-
lation with frequent comorbid conditions and polyphar-
macy. Immunosuppressants (cyclophosphamide,
methotrexate, leflunomide, and tacrolimus) and targeted
immunomodulators (rituximab, XmAb5871, and abatacept)
are appealing to overcome potential toxic effects of glu-
cocorticoids and as emerging glucocorticoid-sparing and/or
maintenance treatments. In this review, we provide an
overview of our understanding of the pathophysiology of
the disease (T follicular helper cells, CD4" cytotoxic T
cells, plasmablasts, and alternatively activated M2 macro-
phages) and clinical characteristics, and highlight the
potential targets for treatment intervention.
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Key Points

IgG4-related disease is a fibroinflammatory disease
characterized by elevated serum IgG4, infiltration of
IgG4™" plasma cells, storiform fibrosis, and
hyperplastic ectopic germinal center formation,
which mimic many other diseases.

Follicular helper T cells and M2 macrophages are
key players for inducing IgG4™ plasma cell
differentiation and storiform fibrosis in IgG4-related
disease.

Molecular-targeted agents are appealing with the aim
of overcoming potential toxic effects of
glucocorticoids in IgG4-related disease.

1 Introduction

IgG4-related disease is a fibroinflammatory disease char-
acterized by tumefactive lesions, a dense lymphoplasma-
cytic infiltrate rich in IgG4" plasma cells, storiform
fibrosis, hyperplastic ectopic germinal centers, and ele-
vated serum IgG4 levels [1]. The disease can affect every
single organ and mimics many malignancies, lymphomas,
infectious diseases, autoimmune diseases, and inflamma-
tory disorders. Greater understanding of this disease is
essential to achieve an earlier, more accurate diagnosis and
appropriate treatment, which can prevent severe irre-
versible organ damage. This review provides an overview
of the clinical features and our understanding of the
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pathophysiology of the disease, and highlights the potential
targets for treatment intervention.

2 Epidemiology

The overall prevalence rate and annual incidence rate in
Japan of type 1 autoimmune pancreatitis (IgG4-related
pancreatitis) was reported to be 4.6 per 100,000 population
and 1.4 per 100,000 population, respectively, in 2011 and
the mean age was 66 years [2]. Because these figures were
derived early in the discovery of IgG4-related disease,
which has since been shown to be a multi-organ immune-
mediated condition, they are likely to be a substantial
underestimate of its true prevalence. Although the preva-
lence of various organ manifestations is still unclear,
autoimmune  pancreatitis,  dacryosialadenitis,  and
retroperitoneal fibrosis are the most common disease fea-
tures. IgG4-related disease typically affects middle-aged
and elderly people (the mean age is 64 years), in roughly
equal male and female ratios [3].

3 Pathogenesis

Over a decade since the proposal of IgG4-related disease,
our understanding of its pathophysiology has improved
dramatically, including our knowledge of the related
genetic risk factors, candidate antigens, the role of IgG4,
and innate and adaptive immune responses (Fig. 1). As
discussed in the below section, long-term exposure to
multiple exogenous antigens leads to the stimulation of
innate (alternatively activated M2 macrophages) and
adaptive (T follicular helper cells, activated B cells, and
CD4* cytotoxic T cells) immune responses. Moreover, this
leads to the recruitment of large numbers of associated
immune cells required for anti-inflammatory or tolerance-
inducing effects at locally affected sites in genetically
susceptible individuals. The massive infiltration of those
immune cells results in the swelling and hypertrophy of
affected organs, and subsequent fibrosis.

3.1 Genetic Risk Factors

Several studies have used candidate-gene approaches and
genome-wide association studies to identify the suscepti-
bility genes for IgG4-related disease. Some of those iden-
tified include human leukocyte antigen (HLA) serotypes
(HLA DRB1%#04:05-DQB1%*04:01 and HLA-A) and single-
nucleotide polymorphisms (Fc gamma receptor 2B; Fc
receptor-like 3; cytotoxic T-lymphocyte-associated antigen
4; and potassium voltage-gated channel, shaker-related
subfamily, member 3) on Asian cohorts [4-8], while one
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study on Caucasians reported HLA-B8 [9]. Larger global
studies are required for the future.

3.2 Candidate Antigens

Exogenous antigens such as occupational antigens (indus-
trial dust, gases, oils, solvents, pesticides, and asbestos),
tobacco smoke, food and animal antigens, and neoantigens
are candidate environmental risk factors associated with
IgG4-related disease [10-13]. Furthermore, annexin All
was recently identified as an IgG4-recognizing autoantigen
in IgG4-related disease [14]. Because annexin All is an
intracellular protein, it is likely that this antigen is only
presented following cellular damage. Therefore, long-term
exposure to occupational antigens or food and animal
antigens may trigger tissue injuries in target organs and
lead to aberrant expression of intracellular proteins such as
annexin Al1 in genetically susceptible individuals.

3.3 Role of IgG4

The IgG4 antibody itself has an anti-inflammatory role and
tolerance-inducing effects owing to its structural (so-called
‘Fab arm exchange’) and functional characteristics (poor
affinity to Fc-gamma receptors on effector cells and to
Clq) [15]. IgG4-mediated immune tolerance is well known
in beekeepers, who are exposed long term to high levels of
the bee venom allergen. Venom-specific IgG4 is produced
at high levels in tolerant individuals, which competitively
binds to the allergen, inhibiting IgE-mediated immune
complex formation and mast cell activation [16]. Patients
who receive allergen-desensitizing immunotherapy also
produce a high level of allergen-specific 1gG4, which
protects them against anaphylactic reactions and reduces
allergic symptoms [16]. IgG4 in IgG4-related disease is
also thought to have anti-inflammatory or tolerance-in-
ducing effects because IgG4 inhibits the binding and
pathogenic effect of IgGl in IgG4-related disease and
patients frequently have a history of long-standing atopic
diseases [17].

3.4 Innate Immunity

A large number of interleukin (IL)-4- and IL-13-induced,
alternatively activated M2 macrophages infiltrate fibrotic
lesions in IgG4-related disease, and play a role in antigen
recognition, Th2-type response enhancement, and stori-
form fibrosis formation. Toll-like receptor 7 and the mac-
rophage receptor with collagenous structure on M2
macrophages recognize the disease-triggering antigens in
IgG4-related disease [18, 19]. M2 macrophages produce
IL-33 to enhance Th2-type responses at affected sites in
IgG4-related disease [20]. Excessive amounts of CC-
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Fig. 1 Schematic of the
pathogenesis of IgG4-related
disease. CCL18 CC-chemokine
ligand 18, CXCR5 CXC
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chemokine ligand 18 and transforming growth factor-f3
produced by M2 macrophages also up-regulate collagen
production by fibroblasts, resulting in storiform fibrosis
[21-23].

3.5 Adaptive Immunity

Although Th2 and Treg cells were initially reported in the
pathogenesis of IgG4-related disease [24, 25], more recent
studies have emphasized follicular helper T (Tth) cells and
CD4™ cytotoxic T cells as the pathogenic players in 1gG4-
related disease [26]. Follicular helper T cells are a CD4™*
T-cell subset responsible for germinal center formation,
antigen-dependent B-cell maturation and activation, B-cell
differentiation to antibody-producing plasmablasts/plasma
cells, and Ig class switching [27]. IgG4-secreting plas-
mablasts in the circulation are oligoclonally increased,
correlating with disease activity in patients with IgG4-re-
lated disease [28]. The increased plasmablasts coincide
with somatic hypermutations, and the re-elevation of dis-
tinct plasmablast clones is associated with disease relapse
[28]. Therefore, oligoclonally expanded plasmablasts are
derived from germinal centers and are assisted by Tth cells
[27]. Abundant IgG4™" B-cell receptor clones in the circu-
lation and tissues of IgG4-related disease also indicate that
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Tth cell-dependent responses play a significant role in the
expansion of plasmablasts in IgG4-related disease [29].

In fact, we initially reported that Tth cells, particularly
Tth2 cells, in the circulation are markedly increased and
activated, and correlate with disease activity in IgG4-re-
lated disease [30-32]. Furthermore, these Tfh2 cells
specifically induce the differentiation of IgG4-secreting
plasmablasts from naive B cells in IgG4-related disease
[32]. The ability of Tfh2 cells to induce IgG4-secreting
plasmablasts is greater in patients with IgG4-related dis-
ease than in healthy donors [32]. Interleukin-4 and IL-21
secreted by Tth2 cells are the major cytokines in IgG4 class
switching and plasmablast differentiation, respectively
[27, 33, 34].

Other groups have replicated evidence of the involve-
ment of Tfh2 cells in the pathogenesis of IgG4-related
disease [35]. In addition, studies have reported hyperplastic
ectopic germinal center formation and high expression
levels of Tth-related transcription factor B-cell lymphoma
6 at affected sites in IgG4-related disease [33, 36, 37].
Importantly, the majority of CD4" T cells in locally
affected tissues in IgG4-related disease are Tfh cells
[38, 39]. Interestingly, the dramatically expanded popula-
tion of Tfh cells that secrete IL-4 are located outside the
ectopic germinal centers and are in contact with IgG4-se-
creting B cells [40]. Furthermore, tissue-infiltrating Tfh
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cells also efficiently induce IgG4 production from B cells
in IgG4-related disease [38]. The proportions of Tth cells
in circulation reflected the proportion of Tth cells in the
local affected sites, indicating that Tth cells in circulation
are derived from local affected areas [41]. Collectively, Tth
cells are responsible for inducing hyperplastic ectopic
germinal center formation, IgG4 class switching, and
plasmablast/plasma cell differentiation in IgG4-related
disease.

CD4* cytotoxic T cells are also oligoclonally expanded
in the circulation, and a large number of CD4* cytotoxic T
cells infiltrate affected tissues in IgG4-related disease [42].
These CD4* cytotoxic T cells produce a large number of
cytotoxic inflammatory cytokines (perforin, granzyme A/B,
IL-1B, interferon-y, and transforming growth factor-f). At
affected sites of IgG4-related disease, activated B cells are
thought to interact with and activate CD4" cytotoxic T
cells, which subsequently secrete profibrogenic cytokines
to lead to storiform fibrosis.

4 Biomarkers of Disease Activity

In IgG4-related disease, the evaluation of systemic disease
activity is crucial for early appropriate intervention to
prevent irreversible organ damage [43]. Therefore, there is
a clear need to identify potential biomarkers associated
with disease activity in IgG4-related disease. The serum
IgG4 level increases during disease progression, and is
higher in patients with multi-organ involvement compared
with those with single organ involvement. Several blood
biomarkers associated with disease activity have been
reported, including circulating activated follicular helper T
cells [32], plasmablasts [44, 45], serum soluble IL-2
receptor [46], complement [47], and CC-chemokine ligand
18 [23]. Furthermore, '®F-fluorodeoxyglucose-positron
emission tomography/computed tomography is a reliable
radiologic method for assessing disease activity [48, 49].

5 Clinical Manifestations

Common characteristics of IgG4-related disease include
organomegaly or hypertrophy, elevated serum IgG4 levels,
and tissue infiltration by IgG4™ plasma cells, frequently
accompanied by severe fibrosis (so-called storiform fibro-
sis). Hyperplastic ectopic germinal center formation is
frequently observed in affected tissues. Obliterative phle-
bitis can be present, particularly in the pancreas and sub-
mandibular glands and less frequently in the lacrimal
glands. The inflammatory infiltration is composed of an
admixture of T cells, B cells, and macrophages. B cells are
typically organized in ectopic germinal centers, while T

A\ Adis

cells are distributed diffusely throughout the lesion. IgG4™
plasma cells are diffusely distributed outside the ectopic
germinal centers. Large numbers of macrophages are
located in fibrotic regions.

The clinical presentation is typically subacute or
chronic, with symptoms and organ dysfunction evident for
months to years before diagnosis. IgG4-related disease can
affect every single organ and manifestations may present
synchronously or metachronously (Fig. 2). Half of patients
show multiple organ involvement, while the remainder
show isolated lesions. As shown in Table 1, the clinical
symptoms depend on the location of the affected organs,
and the severity is variable among individuals. Patients
frequently have an atopic history, elevated serum IgE
levels, and eosinophilia.

Fever and elevated serum C-reactive protein are unu-
sual. Destructive bone lesions in the sinuses, head, and
middle-ear spaces are suggestive of mimickers such as
granulomatosis with polyangiitis and tumors, and not true
IgG4-related disease. Disease-specific autoantibodies such
as anti-SSA, anti-SSB, anti-double-stranded DNA, and
anti-neutrophil cytoplasmic autoantibodies are negative.
Prominent neutrophilic inflammation, necrosis, granulo-
matous inflammation, and histiocytes in pathologic exam-
ination are unusual. Lack of response to glucocorticoid
therapy is uncommon.

6 Diagnosis

Clinicians in every medical field can encounter IgG4-re-
lated disease in daily practice, making the development of
proper diagnostic criteria essential. In 2011, comprehen-
sive diagnostic criteria for IgG4-related disease was pro-
posed in Japan [50], with the major characteristics being
serum IgG4 levels > 135 mg/dL, infiltration of > 10 IgG4™
plasma cells per high-power field, and an IgG4*/IgG*
plasma cell ratio >40%. However, universal diagnostic
criteria for IgG4-related disease have not been established
and the overemphasis on elevated serum IgG4 levels and
pathologically proven IgG4" plasma cell infiltration has
led to the misdiagnosis of similar conditions as IgG4-re-
lated disease. It is therefore important for clinicians to be
mindful that elevated serum IgG4 levels and IgG4 ™" plasma
cell infiltration in lesions are not specific to IgG4-related
disease. Furthermore, the low sensitivity of histologic
analysis is also problematic owing to difficulties obtaining
biopsy samples. Umehara et al. recently proposed that
careful and intensive examination using a combination of
comprehensive diagnostic criteria and organ-specific cri-
teria is the best method for accurately diagnosing [gG4-
related disease [51, 52].
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Fig. 2 Systemic organ
manifestations of IgG4-related
disease
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As shown in Table 2, other diseases that mimic IgG4-
related disease must be excluded before concluding a
diagnosis of IgG4-related disease [53]. For example, recent
studies demonstrate that clinicians should note anti-neu-
trophil cytoplasmic antibody (ANCA )-associated vasculitis
and multicentric Castleman disease as representative
mimickers of IgG4-related disease [54-56]. Anti-neu-
trophil cytoplasmic antibody-associated vasculitis and
multicentric Castleman disease not only have similar
clinical presentations to IgG4-related disease but also
exhibit IgG4™ plasma cell infiltration at affected sites and
elevated serum IgG4 levels.

Additionally, orbital mass, chronic periaortitis,
retroperitoneal fibrosis, tubulointerstitial nephritis, inter-
stitial lung disease, pachymeningitis, hypophysitis, pleuri-
tis, dacryosialadenitis, sinusitis, and prevertebral fibrosis
are not only observed in IgG4-related disease but also in
ANCA-associated vasculitis [54, 55, 57-60]. Of note,
biopsy specimens of granulomatosis with polyangiitis fre-
quently show lymphocytic infiltration that is rich in plasma
cells, storiform fibrosis, and obliterated blood vessels [54].

Pericarditis
Pacreatitis
Kidney disease

Retroperitoneal fibrosis

Perineural lesion

Furthermore, granulomatosis with polyangiitis of the cen-
tral nervous system, upper respiratory tract, or orbit usually
lack classic morphologic features such as necrotizing vas-
culitis, parenchymal necrosis, and palisading granulomas
[54]. Therefore, constitutional symptoms such as fever,
ANCA positivity, and elevated serum C-reactive protein
are clues for a diagnosis of ANCA-associated vasculitis.
Differentiating IgG4-related disease from multicentric
Castleman disease is also essential because of the differ-
ence in required treatments. A moderate dose of gluco-
corticoids is effective for IgG4-related disease but not for
multicentric Castleman disease, whereas anti-IL-6 receptor
blockade is effective for multicentric Castleman disease
[61]. Importantly, differentiating IgG4-related disease from
multicentric Castleman disease is challenging because both
diseases exhibit high serum IgG4 levels and 1gG4™ plasma
cell infiltration at affected sites. The important clue for a
diagnosis of one disease over the other is in the underlying
pathogenesis: while IL-4 and IL-21 are the culprit cytoki-
nes associated with IgG4-class switching and plasma cell
proliferation in IgG4-related disease [34], excessive IL-6

A\ Adis



M. Akiyama, T. Takeuchi

Table 1 Summary of clinical manifestations of IgG4-related disease

Organ Clinical manifestations

Orbits and lacrimal
glands

Gradually progressing exophthalmia, limited mobility of the eyeball, and bilateral swelling of the lacrimal glands.
Radiologic enlargement of the extra-ocular muscles, mass lesions of the pterygopalatine fossa infiltrating along the
trigeminal nerve, and mass lesions of the lacrimal glands. Serum C-reactive protein level is within the normal range

Nose and sinuses Nasal obstruction, nasal discharge, postnasal discharge, hyposmia, and dull headache. Radiologic nasal polyps, swelling
of mucosal surfaces, and thickening of sinus walls. Serum C-reactive protein level is within the normal range.
Destructive lesions are unusual

Salivary gland Enlargement of submandibular gland, parotid gland, and minor salivary gland. Mild-to-moderate sicca symptoms.

Serum C-reactive protein level is within the normal range

Meninges Headache, radiculopathy, and cranial nerve palsies. Radiologic thickening of the cerebral and/or spinal dura mater.
Serum C-reactive protein level is occasionally elevated
Pituitary Anterior hypopituitarism, diabetes insipidus, and panhypopituitarism. Radiologic pituitary gland and stalk enlargement.

Serum C-reactive protein level is occasionally elevated
Thyroid gland Thyroid gland enlargement and hypothyroidism (Riedel thyroiditis). Diffuse low echogenicity on ultrasound. Serum

C-reactive protein level is within the normal range

Mediastinal tissue Paravertebral band-like soft-tissue mass in thorax. Serum C-reactive protein level is occasionally elevated

Lymph nodes Enlargement of lymph node. Serum C-reactive protein level is within the normal range

Lungs Asymptomatic finding on lung imaging or respiratory symptoms (dry cough or dyspnea). Radiologic mass lesion
(Iymphoplasmacytic type of inflammatory pseudotumor), consolidation, small nodules, thickening of bronchovascular
bundles and interlobular septa, ground-glass opacities similar to multicentric Castleman disease or sarcoidosis, and

pleural thickening/effusion. Serum C-reactive protein level is occasionally elevated

Biliary tree Mild abdominal pain, weight loss, or acute obstructive jaundice. Radiologic diffuse or multi-focal narrowing or smooth
wall thickening of the biliary tract. If untreated, progression to end-stage liver disease occurs. Serum C-reactive

protein level is within the normal range

Liver Obstructive jaundice and elevated liver enzyme level. Radiologic mass lesion (lymphoplasmacytic type of inflammatory
pseudotumor) involving hilar and perihilar bile ducts. IgG4-related autoimmune hepatitis or hepatopathy is rare but
reported. Serum C-reactive protein level is within the normal range

Pancreas Mild abdominal pain, weight loss, acute obstructive jaundice, and acute glucose intolerance. Radiologic ‘sausage-

shaped pancreas’ with loss of normal lobularity, capsule-like rim with decreased enhancement, and diffuse narrowing
of pancreatic duct. Serum C-reactive protein level is within the normal range

Aorta and artery Periaortitis, periarteritis, and inflammatory aortic aneurysm. Radiologic diffuse thickening of the aortic wall or artery.

Coronary artery is occasionally affected. Serum C-reactive protein level is occasionally elevated

Retroperitoneum Backache, lower abdominal pain, lower extremity edema, hydronephrosis from ureteral involvement, or asymptomatic

finding on radiologic studies. Serum C-reactive protein level is occasionally elevated

Proteinuria, hematuria, elevated serum creatinine level, and asymptomatic radiologic abnormalities. Tubulointerstitial
nephritis is typical, but glomerulonephritis can also occur. Hypocomplementemia is frequent. Multiple round- or
wedge-shaped radiologic low-density areas in both renal cortices, markedly enlarged bilateral kidneys, a rim-like
lesion of the kidney, pelvis thickening, and multiple and bilateral tumor lesions. Serum C-reactive protein level is
within the normal range

Kidney

Other Gallbladder (lymphoplasmacytic sclerosing cholecystitis), breast pseudotumor, prostatitis, pericarditis (constrictive

pericarditis), sclerosing mesenteritis, skin disease, I[gG4-related gastrointestinal disease, and perineural lesions

production is the key feature of multicentric Castleman
disease [62]. These differences result in elevated serum
C-reactive protein and IgA levels (laboratory markers
linked to IL-6) in patients with multicentric Castleman
disease, but not in most cases of IgG4-related disease [56].
Although both diseases commonly involve the lymph
nodes, lungs, retroperitoneum, kidneys, and skin, 1gG4-
related disease more commonly affects the orbits, lacrimal
glands, salivary glands, and pancreas than multicentric
Castleman disease [56]. We recently reported that the
combination of orbit, lacrimal gland, salivary gland, or
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pancreas involvement, an atopic history, or a lack of
involvement of lymph nodes; and C-reactive protein
<0.8 mg/dL. or IgA <330 mg/dL are useful criteria for
distinguishing IgG4-related disease from multicentric
Castleman disease in daily clinical practice [56]. Therefore,
the diagnosis of IgG4-related disease should be based on a
combination of clinical features, serum characteristics, and
pathologic findings.
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Table 2 Representative IgG4-related disease mimickers

Tumors
Malignancies

Malignant lymphoma (mucosa-associated lymphoid tissue
lymphoma, angioimmunoblastic T-cell lymphoma)

Inflammatory myofibroblastic tumor

Inflammatory pseudotumor (fibrohistiocytic type)
Autoimmune diseases

Anti-neutrophil cytoplasmic autoantibody-associated vasculitis

Large-vessel vasculitis

Systemic lupus erythematosus

Sjogren syndrome

Rheumatoid arthritis (synovitis and lymphadenopathy)
Others

Multicentric Castleman disease

Cutaneous plasmacytosis

Angiolymphoid hyperplasia with eosinophilia

Rosai—-Dorfman disease

Kimura disease

Hypereosinophilic syndrome

Primary sclerosing cholangitis

Inflammatory bowel disease

Sarcoidosis

Erdheim—Chester disease

7 Treatment

Assessing disease involvement of organs is important, and
whole body computed tomography scan and '®F-fluo-
rodeoxyglucose-positron emission tomography/computed
tomography are recommended if possible before treatment.
All patients with symptomatic active IgG4-related disease
require treatment, sometimes urgently in cases where
important organs/tissues are affected, such as the menin-
ges, lungs, pancreas, bile duct, kidney, and aorta, and for
hydronephrosis due to retroperitoneal fibrosis. A subset of
patients with asymptomatic IgG4-related disease also
require treatment, where delayed intervention can lead to
impossible recovery of organ function as a result of fibrosis
progression [43].

7.1 Glucocorticoids

An international consensus guidance statement on the
management and treatment of IgG4-related disease rec-
ommends the use of glucocorticoids as first-line therapy
[63]. Despite being effective for patients with IgG4-related
disease, a glucocorticoid treatment regimen has yet to be
standardized owing to limited global retrospective obser-
vational evidence. Recently, the first prospective, phase Il

clinical trial of glucocorticoids for the treatment of patients
with newly diagnosed IgG4-related disease was reported by
the members of the Japanese IgG4-related disease research
group [64]. All patients received prednisolone at a dose of
0.6 mg/kg/day as induction therapy, with the dose reduced
by 10% every 2 weeks. The maintenance dose was
10 mg/day for at least 3 months. The authors reported that
the overall response rate was 93.2% and only 1.7% of
patients were refractory to primary glucocorticoid treat-
ment at 1 year. Despite maintenance treatment using
prednisolone (median dose, 7 mg/day), about 10% of
patients relapsed during the observation period. Adverse
events were glucose intolerance (41%), dyslipidemia
(26%), infection (18%), hypertension (15%), psychosis
(5%), glaucoma (3%), pathologic fracture (3%), myopathy
(3%), femur head necrosis (2%), and cataract (2%).

The first randomized controlled study to compare the
efficacy and safety of high vs. medium doses of gluco-
corticoids as induction therapy for IgG4-related disease
was reported in 2017 [65]. Although the remission rate was
similar in high- and medium-dose groups at week 12, a
higher relapse rate was observed at week 24 in the med-
ium-dose group. Patients with a higher number of involved
organs and higher IgG4-RD Responder Index scores at
baseline were more likely to relapse and may therefore
require high-dose glucocorticoids.

The first randomized controlled study of long-term
maintenance glucocorticoid therapy was conducted in
patients with autoimmune pancreatitis to clarify the effi-
cacy and necessity of maintenance glucocorticoid therapy
[66]. The relapse rate over 3 years was significantly lower
in the maintenance therapy group than in the cessation
group. Relapse-free survival was also significantly longer
in the maintenance therapy group than in the cessation
group. Thus, maintenance glucocorticoid therapy for
3 years may decrease the occurrence of relapse in patients
with autoimmune pancreatitis compared with those who
discontinue the therapy.

Yamamoto et al. reported that glucocorticoid discon-
tinuation is achieved in only 5.7% of patients in daily
clinical practice [67]. Furthermore, half of IgG4-related
disease cases experience relapse within 7 years of initial
glucocorticoid treatment [67]. Therefore, glucocorticoid
treatment alone is not sufficient to cure patients with IgG4-
related disease. In addition, glucocorticoid toxicity is
problematic because IgG4-related disease usually affects
the elderly. Evaluation of glucocorticoid-sparing agents or
treatment alternatives is warranted and the search for a
better alternative represents a major challenge in the
management of patients with IgG4-related disease.
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7.2 Conventional Immunosuppressants

It remains unclear whether combining glucocorticoids and
conventional immunosuppressants is more efficacious than
glucocorticoids alone for preventing the relapse of 1gG4-
related disease. A recent study reported that combining
cyclophosphamide (50-100 mg/day) with glucocorticoids
resulted in a significantly higher relapse-free rate in 1 year
than with glucocorticoids alone [68]; however, long-term
cyclophosphamide toxicity assessment is warranted in the
future. A small case series with no control group reported
methotrexate or leflunomide as a promising option for main-
taining glucocorticoid-induced remission and tapering glu-
cocorticoids [69, 70]. In contrast, another retrospective study
reported similar relapse-free rates between patients treated
with glucocorticoids plus immunosuppressants (azathioprine,
mycophenolate mofetil, or 6-mercaptopurine) and those
treated with glucocorticoids alone [71]. To date, there is
limited evidence for the efficacy of calcineurin inhibitors such
as tacrolimus as corticosteroid-sparing agents in IgG4-related
disease [72]. Prospective randomized controlled trials are
required to evaluate the efficacy of conventional immuno-
suppressants for achieving sustained remission in IgG4-re-
lated disease and enabling the tapering of glucocorticoids.

7.3 Targeted Agents
7.3.1 Anti-CD20 Antibody

B-cell depletion with rituximab (anti-CD20 antibody) is
effective as induction therapy for IgG4-related disease.
Carruthers et al. reported in their prospective single-arm
pilot trial that most patients (87%) were successfully
treated with rituximab alone and disease response occurred
in 97% at 6 months [73]. A clinical response occurred
within 4 weeks of rituximab treatment. Considering that
IgG4-related disease usually affects middle-aged to elderly
patients who might have comorbidities contraindicating
long-term glucocorticoids, B-cell depletion is an appealing
alternative to glucocorticoids. Maintenance therapy with
rituximab is required because relapse has been frequently
observed after B-cell reconstitution. In fact, maintenance
therapy with rituximab was associated with longer relapse-
free survival in a nationwide database study in France [74].
The optimal dose, frequency, and duration of maintenance
therapy with rituximab should be explored in future stud-
ies. Adverse events such as infusion reactions and severe
infections were noted.

7.3.2 Anti-CD19 Antibody

XmAb5871 is a humanized monoclonal antibody that tar-
gets CD19 via the FcyRIIb. The Fc portion of XmAb5871
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was designed to increase its affinity (400-fold over native
IgG) to FcyRIIb, a receptor that inhibits B-cell function.
An open-label single-arm trial (a phase II pilot study) of
XmAb5871 for the treatment of IgG4-related disease
conducted at Massachusetts General Hospital by Stone
et al. [75] administered intravenous XmAb5871 to enrolled
patients every 2 weeks for 6 months. This treatment
showed promising efficacy in patients with active IgG4-
related disease [75], and was well tolerated with good
safety and immunogenicity profiles.

7.3.3 T-Cell Co-stimulation Blockade

T cells that receive both T-cell receptor-mediated signals
and CD28-mediated co-stimulation are activated and dif-
ferentiate into effector cells. CD80/CD86 on antigen-pre-
senting cells such as dendritic cells, macrophages, and
activated B cells binds as a co-stimulatory molecule to
CD28 on the surface of T cells. Abatacept is a fusion
protein composed of the extracellular domain of cytotoxic
T lymphocyte-associated antigen 4 and the Fc region of
IgGl. Cytotoxic T lymphocyte-associated antigen 4 binds
to CD80/CD86 on antigen-presenting cells, interfering with
ligation to CD28 on T cells, thereby acting as a negative
regulator of CD28-mediated T-cell activation. A recent
report proposed a second mechanism of abatacept, whereby
it directly depletes expanded CD80/86-expressing plas-
mablasts through Fc-mediated mechanisms (complement-
or cell-dependent cytotoxicity) [76]. Yamamoto et al.
reported a case of long-standing and relapsing IgG4-related
disease successfully treated with 500 mg of abatacept
intravenously every 4 weeks [77]. It remains unclear
whether the effectiveness of abatacept in this case was
owing to its interference with CD28 co-stimulation of Tfh
cells and/or CD4* cytotoxic T cells, or its more direct
effect on activated B cells, macrophages, or dendritic cells.
The safety profile of abatacept makes it a useful molecular-
targeted therapy in the treatment of IgG4-related disease.
The efficacy of abatacept should be clarified by examining
its use in more cases of IgG4-related disease.

7.4 Ongoing Clinical Studies of Interventions

Several studies of interventions are ongoing in IgG4-re-
lated disease in clinicaltrials.gov. We found four studies
currently evaluating iguratimod (NCT03368274), lefluno-
mide (NCT02703194), rituximab plus lenalidomide
(NCT02705638), and mycophenolate mofetil
(NCT02458196), with completion dates of May 2018 to
April 2019. It is an urgent task to develop an ideal treat-
ment method with fewer side effects and less relapse.
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8 Prognosis
8.1 Risk Factors for Relapse

Patients with IgG4-related disease respond well to gluco-
corticoids, but the majority of patients experience disease
relapse during follow-up [67]. Investigations into the risk
factors for disease relapse identified a greater number of
involved organs, higher levels of serum IgG4, and lower
levels of serum IgA and IgM at baseline [78]. Re-elevation
of serum IgG4 levels during glucocorticoid tapering may
also be associated with disease relapse in IgG4-related
disease [78].

8.2 IgG4-Related Disease and Malignancies

Various lines of evidence have recently suggested the
presence of an association between IgG4-related disease
and malignancies. First, a history of malignancy is 2.5
times more frequent in patients with IgG4-related disease
compared with the general US population. Furthermore,
the frequency of a history of malignancy is more than
three-fold higher in patients with IgG4-related disease than
matched disease controls, indicating that malignancies are
associated with subsequent IgG4-related disease develop-
ment in a subgroup of patients [79]. Importantly, no cases
of IgG4-related disease involving an organ previously
affected by malignancy have been reported.

Second, malignancies are frequently found at the time of
diagnosis or during follow-up of patients with IgG4-related
disease [80]. The cumulative rate of malignancy in patients
with IgG4-related disease is significantly higher than that
for the general Japanese population up to 12 years after
diagnosis. Interestingly, the occurrence of malignancies is
significantly more frequent within the first year after
diagnosis of IgG4-related disease compared with that of
subsequent years. Gastric, lung, prostate, and pancreatic
cancers are prevalent. Importantly, serum levels of IgG,
IgG4, soluble IL-2 receptor, and circulating immune
complex are significantly higher in patients with malig-
nancies than in those without. These findings suggest that
clinicians should screen for malignancies after diagnosis of
IgG4-related disease and during follow-up, particularly in
patients with high disease activity at baseline. The patho-
logic mechanisms underlying the association between
IgG4-related disease and malignancy remain unclear.

8.3 IgG4-Related Disease and Lymphoma
Lymphoma can develop on a background of chronic

inflammation or lymphoid hyperplasia. While the risk of
developing lymphoma in patients with IgG4-related
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disease remains unclear, lymphoma can arise from pre-
existing IgG4-related ophthalmic disease [81, 82]. An early
clue to the diagnosis of B-cell lymphoma is the presence of
predominant B-cell infiltration, while massive infiltration
of both T cells and B cells is more suggestive of IgG4-
related disease. Therefore, clinicians should perform
clonality tests for detecting immunoglobulin light-chain
restriction and clonal immunoglobulin gene arrangement to
exclude lymphoma when diagnosing IgG4-related oph-
thalmic disease. Furthermore, when patients with IgG4-
related ophthalmic disease experience relapse in the same
regions, clinicians should perform a re-biopsy to exclude
the development of lymphoma. Interestingly, the develop-
ment of lymphoma has not been convincingly reported at
pre-existing sites of other IgG4-related disease such as the
pancreas, suggesting that the ophthalmic site has a higher
propensity for lymphoma development in IgG4-related
disease.

9 Conclusions

Recent advances in the understanding of the pathogenesis
of IgG4-related disease have identified the importance of
activated B cells, Tth cells, CD4* cytotoxic T cells, and
M2 macrophages. Glucocorticoids are currently used as a
remission induction therapy for IgG4-related disease, and
in most cases, maintenance therapy is necessary and dis-
ease relapses are frequent with tapering glucocorticoid
doses. Furthermore, considering [gG4-related disease usu-
ally affects older people, toxic effects of glucocorticoids
are considerable. There is accumulating evidence of the
efficacy of targeted therapies such as rituximab,
XmAb5871, and abatacept in IgG4-related disease
(Table 3). Considering the safety profiles reported for the
treatment for patients with rheumatoid arthritis, abatacept
may be the most desirable molecular-targeted therapy,
although the evaluation of treatment should be performed
carefully. In patients with IgG4-related aortic aneurysms,
anti-IL-6 blockade may be appealing as glucocorticoid-
sparing agents because an IgG4-related aortic aneurysm
was recently recognized as a unique clinicopathologic
entity of IgG4-related disease that is different from other
types of IgG4-related disease in terms of hyper IL-6 syn-
thesis [83, 84]. New therapeutic alternatives to glucocor-
ticoids in the form of targeted therapies show promise and
warrant further study to examine their incorporation into
treatment algorithms for IgG4-related disease.

Compliance with Ethical Standards

Funding No funding was received for the preparation of this article.



Treatment of IgG4-Related Disease

Conlflict of interest Mitsuhiro Akiyama has received consulting fees,
speaking fees, and honoraria from Asahi Kasei Co., Cure Grades Co.,
and Eisai Co., Ltd, and a research grant from Mitsubishi Tanabe
Pharma Co and Keio Medical Association. Tsutomu Takeuchi has
received consulting fees, speaking fees and/or honoraria from Pfizer
Japan, Mitsubishi Tanabe Pharma, Eisai, Astellas Pharma, and UCB
(less than $10,000 each) and Chugai Pharmaceutical, Bristol-Myers
K.K., Daiichi Sankyo, AbbVie, Janssen Pharmaceutical K.K., Pfizer
Japan, Asahi Kasei Pharma, Takeda Pharmaceutical, AstraZeneca
K.K., Eli Lilly Japan K.K., and Novartis Pharma K.K. (more than
$10,000 each).

References

10.

11.

12.

13.

14.

. Stone JH, Zen Y, Deshpande V. IgG4-related disease. N Engl J

Med. 2012;366:539-51.

. Kanno A, Masamune A, Okazaki K, Kamisawa T, Kawa S,

Nishimori I, et al. Nationwide epidemiological survey of
autoimmune pancreatitis in Japan in 2011. Pancreas.
2015;44:535-9.

. Zen Y, Nakanuma Y. IgG4-related disease: a cross-sectional

study of 114 cases. Am J Surg Pathol. 2010;34:1812-9.

. Kawa S, Ota M, Yoshizawa K, Horiuchi A, Hamano H, Ochi Y,

et al. HLA DRB10405-DQB10401 haplotype is associated with
autoimmune pancreatitis in the Japanese population. Gastroen-
terology. 2002;122:1264-9.

. Umemura T, Ota M, Hamano H, Katsuyama Y, Kiyosawa K,

Kawa S. Genetic association of Fc receptor-like 3 polymorphisms
with autoimmune pancreatitis in Japanese patients. Gut.
2006;55:1367-8.

. Umemura T, Ota M, Hamano H, Katsuyama Y, Muraki T, Ara-

kura N, et al. Association of autoimmune pancreatitis with
cytotoxic T-lymphocyte antigen 4 gene polymorphisms in Japa-
nese patients. Am J Gastroenterol. 2008;103:588-94.

. OtaM, Ito T, Umemura T, Katsuyama Y, Yoshizawa K, Hamano

H, et al. Polymorphism in the KCNA3 gene is associated with
susceptibility to autoimmune pancreatitis in the Japanese popu-
lation. Dis Markers. 2011;31:223-9.

. Terao C, Ota M, Shiokawa M, Kuriyama K, Kodama Y, Uchida

K, et al. OP0238 Fcgr2b and multiple HLA loci are associated
with susceptibility to IGG4-related disease. Ann Rheum Dis.
2016;75:148.

. Buechter M, Manka P, Heinemann FM, Lindemann M, Junter-

manns B, Canbay A, et al. Outcome and genetic factors in IgG4-
associated autoimmune pancreatitis and cholangitis: a single
center experience. Gastroenterol Res Pract. 2017;2017:6126707.
Wallace ZS, Wallace CJ, Lu N, Choi HK, Stone JH. Association
of IgG4-related disease with history of malignancy. Arthritis
Rheumatol. 2016;68:2283-9.

de Buy Wenniger LJ, Culver EL, Beuers U. Exposure to occu-
pational antigens might predispose to IgG4-related disease.
Hepatology. 2014;60:1453—4.

Goldoni M, Bonini S, Urban ML, Palmisano A, De Palma G,
Galletti E, et al. Asbestos and smoking as risk factors for idio-
pathic retroperitoneal fibrosis: a case—control study. Ann Intern
Med. 2014;161:181-8.

Culver EL, Vermeulen E, Makuch M, van Leeuwen A, Sadler R,
Cargill T, et al. Increased 1gG4 responses to multiple food and
animal antigens indicate a polyclonal expansion and differentia-
tion of pre-existing B cells in IgG4-related disease. Ann Rheum
Dis. 2015;74:944-7.

Hubers LM, Vos H, Schuurman AR, et al. Annexin All is tar-
geted by I1gG4 and IgG1 autoantibodies in IgG4-related disease.
Gut. 2017. https://doi.org/10.1136/gutjnl-2017-314548.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

van der Neut Kolfschoten M, Schuurman J, Losen M, Bleeker
WK, Martinez-Martinez P, Vermeulen E, et al. Anti-inflamma-
tory activity of human IgG4 antibodies by dynamic Fab arm
exchange. Science. 2007;317:1554-7.

Trampert DC, Hubers LM, van de Graaf SFJ, Beuers U. On the
role of IgG4 in inflammatory conditions: lessons for IgG4-related
disease. Biochim Biophys Acta. 2017. https://doi.org/10.1016/j.
bbadis.2017.07.038.

Shiokawa M, Kodama Y, Kuriyama K, Yoshimura K, Tomono T,
Morita T, et al. Pathogenicity of IgG in patients with IgG4-related
disease. Gut. 2016;65:1322-32.

Fukui Y, Uchida K, Sakaguchi Y, Fukui T, Nishio A, Shikata N,
et al. Possible involvement of Toll-like receptor 7 in the devel-
opment of type 1 autoimmune pancreatitis. J Gastroenterol.
2015;50:435-44.

Ohta M, Moriyama M, Maehara T, Gion Y, Furukawa S, Tanaka
A, et al. DNA microarray analysis of submandibular glands in
IgG4-related disease indicates a role for MARCO and other
innate immune-related proteins. Medicine (Baltimore).
2016;95:e2853.

Furukawa S, Moriyama M, Miyake K, Nakashima H, Tanaka A,
Maehara T, et al. Interleukin-33 produced by M2 macrophages
and other immune cells contributes to Th2 immune reaction of
IgG4-related disease. Sci Rep. 2017;7:42413.

Furukawa S, Moriyama M, Tanaka A, Machara T, Tsuboi H,
lizuka M, et al. Preferential M2 macrophages contribute to
fibrosis in IgG4-related dacryoadenitis and sialoadenitis, so-
called Mikulicz’s disease. Clin Immunol. 2015;156:9-18.
Tsuboi H, Nakai Y, lizuka M, Asashima H, Hagiya C, Tsuzuki S,
et al. DNA microarray analysis of labial salivary glands in 1gG4-
related disease: comparison with Sjogren’s syndrome. Arthritis
Rheumatol. 2014;66:2892-9.

Akiyama M, Yasuoka H, Yoshimoto K, Takeuchi T. CC-che-
mokine ligand 18 is a useful biomarker associated with disease
activity in IgG4-related disease. Ann Rheum Dis. 2017. https://
doi.org/10.1136/annrheumdis-2017-212110.

Tanaka A, Moriyama M, Nakashima H, Miyake K, Hayashida
JN, Maehara T, et al. Th2 and regulatory immune reactions
contribute to IgG4 production and the initiation of Mikulicz
disease. Arthritis Rheum. 2012;64:254-63.

Akiyama M, Suzuki K, Kassai Y, Miyazaki T, Morita R, Yosh-
imura A, et al. Resolution of elevated circulating regulatory T
cells by corticosteroids in patients with IgG4-related dacryoad-
enitis and sialoadenitis. Int J] Rheum Dis. 2016;19:430-2.
Akiyama M. The call for considering follicular helper T cells in
IgG4-related disease. J Allergy Clin Immunol. 2018. https://doi.
org/10.1016/j.jaci.2017.11.017.

Akiyama M, Suzuki K, Yasuoka H, Kaneko Y, Yamaoka K,
Takeuchi T. Follicular helper T cells in the pathogenesis of 1gG4-
related disease. Rheumatology (Oxford). 2018;57:236-45.
Mattoo H, Mahajan VS, Della-Torre E, Sekigami Y, Carruthers
M, Wallace ZS, et al. De novo oligoclonal expansions of circu-
lating plasmablasts in active and relapsing IgG4-related disease.
J Allergy Clin Immunol. 2014;134:679-87.

Doorenspleet ME, Hubers LM, Culver EL, de Buy Maillette,
Wenniger LJ, Klarenbeek PL, Chapman RW, et al
Immunoglobulin  G4(4) B-cell receptor clones distinguish
immunoglobulin G 4-related disease from primary sclerosing
cholangitis and biliary/pancreatic malignancies. Hepatology.
2016;64:501-7.

Akiyama M, Suzuki K, Yamaoka K, Yasuoka H, Takeshita M,
Kaneko Y, et al. Number of circulating follicular helper 2 T cells
correlates with IgG4 and interleukin-4 levels and plasmablast
numbers in IgG4-related disease. Arthritis Rheumatol.
2015;67:2476-81.

A\ Adis


http://dx.doi.org/10.1136/gutjnl-2017-314548
http://dx.doi.org/10.1016/j.bbadis.2017.07.038
http://dx.doi.org/10.1016/j.bbadis.2017.07.038
http://dx.doi.org/10.1136/annrheumdis-2017-212110
http://dx.doi.org/10.1136/annrheumdis-2017-212110
http://dx.doi.org/10.1016/j.jaci.2017.11.017
http://dx.doi.org/10.1016/j.jaci.2017.11.017

M. Akiyama, T. Takeuchi

31.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Akiyama M, Kaneko Y, Yamaoka K, Hayashi Y, Yasuoka H,
Suzuki K, et al. Subclinical labial salivary gland involvement in
IgG4-related disease affected with vital organs. Clin Exp
Rheumatol. 2015;33:949-50.

. Akiyama M, Yasuoka H, Yamaoka K, Suzuki K, Kaneko Y,

Kondo H, et al. Enhanced IgG4 production by follicular helper 2
T cells and the involvement of follicular helper 1 T cells in the
pathogenesis of IgG4-related disease. Arthritis Res Ther.
2016;18:167.

Maehara T, Moriyama M, Nakashima H, Miyake K, Hayashida
JN, Tanaka A, et al. Interleukin-21 contributes to germinal centre
formation and immunoglobulin G4 production in IgG4-related
dacryoadenitis and sialoadenitis, so-called Mikulicz’s disease.
Ann Rheum Dis. 2012;71:2011-9.

Akiyama M, Yasuoka H, Yoshimoto K, Takeuchi T. FRI0O361
Interleukin-4 induces class-switching to IGG4 and synergistically
contributes to plasmablasts differentiation with interleukin-21
through CD40 dependent manner in IGG4-related disease. Ann
Rheum Dis. 2017;76(Suppl. 2):623. https://doi.org/10.1136/
annrheumdis-2017-eular.3040.

Grados A, Ebbo M, Piperoglou C, Groh M, Regent A, Samson M,
et al. T cell polarization toward TH2/TFH2 and TH17/TFH17 in
patients with IgG4-related disease. Front Immunol. 2017;8:235.

Akiyama M, Kaneko Y, Hayashi Y, Takeuchi T. IgG4-related
disease involving vital organs diagnosed with lip biopsy: a case
report and literature review. Medicine (Baltimore).
2016;95:¢3970.

Yajima H, Yamamoto M, Shimizu Y, Sakurai N, Suzuki C,
Naishiro Y, et al. Loss of interleukin-21 leads to atrophic ger-
minal centers in multicentric Castleman’s disease. Ann Hematol.
2016;95:35-40.

Kamekura R, Takano K, Yamamoto M, Kawata K, Shigehara K,
Jitsukawa S, et al. Cutting edge: a critical role of lesional T
follicular helper cells in the pathogenesis of IgG4-related disease.
J Immunol. 2017;199:2624-9.

Yang H, Wei R, Liu Q, Shi Y, Li J. Frequency and distribution of
CD4+"CXCRS5™ follicular B helper T cells within involved tissues
in IgG4-related ophthalmic disease. Mol Med Rep.
2017;16:9512-20.

Maehara T. IgG4-related disease: mechanistic insights from both
clinical and immunologic understanding of this condition. Nihon
Rinsho Meneki Gakkai Kaishi. 2017;40:206-12.

Kubo S, Nakayamada S, Zhao J, Yoshikawa M, Miyazaki Y,
Nawata A, et al. Correlation of T follicular helper cells and
plasmablasts with the development of organ involvement in
patients with IgG4-related disease. Rheumatology (Oxford).
2018;57(3):514-24.

Mattoo H, Mahajan VS, Maehara T, Deshpande V, Della-Torre E,
Wallace ZS, et al. Clonal expansion of CD4(+) cytotoxic T
lymphocytes in patients with IgG4-related disease. J Allergy Clin
Immunol. 2016;138:825-38.

Shimizu Y, Yamamoto M, Naishiro Y, Sudoh G, Ishigami K,
Yajima H, et al. Necessity of early intervention for IgG4-related
disease—delayed treatment induces fibrosis progression.
Rheumatology (Oxford). 2013;52:679-83.

Wallace ZS, Mattoo H, Carruthers M, Mahajan VS, Della Torre
E, Lee H, et al. Plasmablasts as a biomarker for IgG4-related
disease, independent of serum IgG4 concentrations. Ann Rheum
Dis. 2015;74:190-5.

Lin W, Zhang P, Chen H, Chen Y, Yang H, Zheng W, et al.
Circulating plasmablasts/plasma cells: a potential biomarker for
IgG4-related disease. Arthritis Res Ther. 2017;19:25.

Akiyama M, Sasaki T, Kaneko Y, Yasuoka H, Suzuki K,
Yamaoka K, Takeuchi T. Serum soluble interleukin-2 receptor is
a useful biomarker for disease activity but not for differential
diagnosis in IgG4-related disease and primary Sjogren’s

A\ Adis

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

syndrome adults from a defined population. Clin Exp Rheumatol.
2018 (Epub ahead of print])

Saeki T, Nishi S, Imai N, Ito T, Yamazaki H, Kawano M, et al.
Clinicopathological characteristics of patients with 1gG4-related
tubulointerstitial nephritis. Kidney Int. 2010;78:1016-23.
Nakatsuka Y, Handa T, Nakamoto Y, Nobashi T, Yoshihuji H,
Tanizawa K, et al. Total lesion glycolysis as an IgG4-related
disease activity marker. Mod Rheumatol. 2015;25:579-84.
Ebbo M, Grados A, Guedj E, Gobert D, Colavolpe C, Zaidan M,
et al. Usefulness of 2-['®F]-fluoro-2-deoxy-p-glucose-positron
emission tomography/computed tomography for staging and
evaluation of treatment response in IgG4-related disease: a ret-
rospective multicenter study. Arthritis Care Res. 2014;66:86-96.
Umehara H, Okazaki K, Masaki Y, Kawano M, Yamamoto M,
Saeki T, et al. Comprehensive diagnostic criteria for IgG4-related
disease (IgG4-RD), 2011. Mod Rheumatol. 2012;22:21-30.
Umehara H, Okazaki K, Kawano M, Mimori T, Chiba T. How to
diagnose IgG4-related disease. Ann Rheum Dis. 2017;76:e46.
Umehara H, Okazaki K, Nakamura T, Satoh-Nakamura T,
Nakajima A, Kawano M, et al. Current approach to the diagnosis
of IgG4-related disease: combination of comprehensive diag-
nostic and  organ-specific  criteria. Mod  Rheumatol.
2017;27:381-91.

Anan R, Akiyama M, Kaneko Y, Kikuchi J, Suzuki K, Matsubara
S, et al. Polymyositis with elevated serum IgG4 levels and
abundant IgG4+ plasma cell infiltration: a case report and liter-
ature review. Medicine. 2017;96:e8710.

Chang SY, Keogh KA, Lewis JE, Ryu JH, Cornell LD, Garrity
JA, et al. IgG4-positive plasma cells in granulomatosis with
polyangiitis (Wegener’s): a clinicopathologic and immunohisto-
chemical study on 43 granulomatosis with polyangiitis and 20
control cases. Hum Pathol. 2013;44:2432-7.

Danlos FX, Rossi GM, Blockmans D, Emmi G, Kronbichler A,
Durupt S, et al. Antineutrophil cytoplasmic antibody-associated
vasculitides and IgG4-related disease: a new overlap syndrome.
Autoimmun Rev. 2017;16:1036—43.

Sasaki T, Akiyama M, Kaneko Y, Mori T, Yasuoka H, Suzuki K,
et al. Distinct features distinguishing I1gG4-related disease from
multicentric Castleman’s disease. RMD Open. 2017;3:e000432.
de Roux-Serratrice C, Serratrice J, Granel B, Disdier P, Bartoli
JM, Pache X, et al. Periaortitis heralding Wegener’s granulo-
matosis. J Rheumatol. 2002;29:392-4.

Nakabayashi K, Kamiya Y, Nagasawa T. Aortitis syndrome
associated with positive perinuclear antineutrophil cytoplasmic
antibody: report of three cases. Int J Cardiol. 2000;75(Suppl.
1):S89-94.

Blockmans D, Baeyens H, Van Loon R, Lauwers G, Bobbaers H.
Periaortitis and aortic dissection due to Wegener’s granulo-
matosis. Clin Rheumatol. 2000;19:161—4.

Bijlsma WR, Hené RJ, Mourits MP, Kalmann R. Orbital mass as
manifestation of Wegener’s granulomatosis: an ophthalmologic
diagnostic approach. Clin Exp Rheumatol. 2011;29(1 Suppl.
64):535-9.

Nishimoto N, Kanakura Y, Aozasa K, Johkoh T, Nakamura M,
Nakano S, et al. Humanized anti-interleukin-6 receptor antibody
treatment of multicentric  Castleman disease. Blood.
2005;106:2627-32.

Akiyama M, Yasuoka H, Takeuchi T. Interleukin-6 in idiopathic
multicentric Castleman’s disease after long-term tocilizumab.
Ann Hematol. 2017;96:2117-9.

Khosroshahi A, Wallace ZS, Crowe JL, Akamizu T, Azumi A,
Carruthers MN, et al. International consensus guidance statement
on the management and treatment of IgG4-related disease.
Arthritis Rheumatol. 2015;67:1688-99.

Masaki Y, Matsui S, Saeki T, Tsuboi H, Hirata S, Izumi Y, et al.
A multicenter phase II prospective clinical trial of glucocorticoid


http://dx.doi.org/10.1136/annrheumdis-2017-eular.3040
http://dx.doi.org/10.1136/annrheumdis-2017-eular.3040

Treatment of IgG4-Related Disease

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

for patients with untreated IgG4-related disease. Mod Rheumatol.
2017;27:849-54.

Wu Q, Chang J, Chen H, Chen Y, Yang H, Fei Y, et al. Efficacy
between high and medium doses of glucocorticoid therapy in
remission induction of IgG4-related diseases: a preliminary ran-
domized controlled trial. Int J Rheum Dis. 2017;20:639-46.
Masamune A, Nishimori I, Kikuta K, Tsuji I, Mizuno N, liyama
T, et al. Randomised controlled trial of long-term maintenance
corticosteroid therapy in patients with autoimmune pancreatitis.
Gut. 2017;66:487-94.

Yamamoto M, Yajima H, Takahashi H, Yokoyama Y, Ishigami
K, Shimizu Y, et al. Everyday clinical practice in IgG4-related
dacryoadenitis and/or sialadenitis: results from the SMART
database. Mod Rheumatol. 2015;25:199-204.

Yunyun F, Yu C, Panpan Z, Hua C, Di W, Lidan Z, et al. Efficacy
of cyclophosphamide treatment for immunoglobulin G4-related
disease with addition of glucocorticoids. Sci Rep. 2017;7:6195.
Della-Torre E, Campochiaro C, Bozzolo EP, Dagna L, Scotti R,
Nicoletti R, et al. Methotrexate for maintenance of remission in
IgG4-related disease. Rheumatology (Oxford). 2015;54:1934-6.
Wang Y, Li K, Gao D, Luo G, Zhao Y, Wang X, et al. Combination
therapy of leflunomide and glucocorticoids for the maintenance of
remission in patients with IgG4-related disease: a retrospective study
and literature review. Intern Med J. 2017;47:680-9.

Hart PA, Topazian MD, Witzig TE, Clain JE, Gleeson FC, Klebig
RR, et al. Treatment of relapsing autoimmune pancreatitis with
immunomodulators and rituximab: the Mayo Clinic experience.
Gut. 2013;62:1607-15.

Buechter M, Klein CG, Kloeters C, Schlaak JF, Canbay A,
Gerken G, et al. Tacrolimus as a reasonable alternative in a
patient with steroid-dependent and thiopurine-refractory autoim-
mune pancreatitis with IgG4-associated cholangitis. Z Gastroen-
terol. 2014;52:564-8.

Carruthers MN, Topazian MD, Khosroshahi A, Witzig TE,
Wallace ZS, Hart PA, et al. Rituximab for IgG4-related disease: a
prospective, open-label trial. Ann Rheum Dis. 2015;74:1171-7.
Ebbo M, Grados A, Samson M, Groh M, Loundou A, Rigolet A,
et al. Long-term efficacy and safety of rituximab in IgG4-related

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

disease: data from a French nationwide study of thirty-three
patients. PLoS One. 2017;12:e0183844.

Stone JH, Wallace ZS, Perugino CA, Fernandes AD, Patel P,
Foster PA, Zack DJ. Final results of an open label phase 2 study
of a reversible B cell inhibitor, Xmab®5871, in IgG4-related
disease [abstract]. Arthritis Rheumatol. 2017;69(Suppl. 10).
Carvajal Alegria G, Pochard P, Pers JO, Cornec D. Could abat-
acept directly target expanded plasmablasts in IgG4-related dis-
ease? Ann Rheum Dis. 2016;75:e73.

Yamamoto M, Takahashi H, Takano K, Shimizu Y, Sakurai N,
Suzuki C, et al. Efficacy of abatacept for IgG4-related disease
over 8 months. Ann Rheum Dis. 2016;75:1576-8.

Sasaki T, Akiyama M, Kaneko Y, et al. Risk factors for disease
relapse in IGG4-related disease following glucocorticoids treat-
ment. Ann Rheum Dis. 2017;76:712-3.

Wallace ZS, Wallace CJ, Lu N, Choi HK, Stone JH. Association
of IgG4-related disease with history of malignancy. Arthritis
Rheumatol. 2016;68:2283-9.

Asano J, Watanabe T, Oguchi T, Kanai K, Maruyama M, Ito T,
et al. Association between immunoglobulin G4-related disease
and malignancy within 12 years after diagnosis: an analysis after
longterm followup. J Rheumatol. 2015;42:2135-42.

Nishida K, Sogabe Y, Makihara A, Senoo A, Morimoto H,
Takeuchi M, et al. Ocular adnexal marginal zone lymphoma
arising in a patient with IgG4-related ophthalmic disease. Mod
Rheumatol. 2016 (Epub ahead of print).

Cheuk W, Yuen HK, Chan AC, Shih LY, Kuo TT, Ma MW, et al.
Ocular adnexal lymphoma associated with IgG4™ chronic scle-
rosing dacryoadenitis: a previously undescribed complication of
IgG4-related sclerosing disease. Am J Surg Pathol.
2008;32:1159-67.

Akiyama M. Regarding, “Upregulated interleukins (IL-6, IL-10,
and IL-13) in immunoglobulin G4-related aortic aneurysm
patients”. J Vasc Surg. 2017;66:1919.

Akiyama M. Trial of tocilizumab in giant-cell arteritis. N Engl J
Med. 2017;377:1493-4.

A\ Adis



	IgG4-Related Disease: Beyond Glucocorticoids
	Abstract
	Introduction
	Epidemiology
	Pathogenesis
	Genetic Risk Factors
	Candidate Antigens
	Role of IgG4
	Innate Immunity
	Adaptive Immunity

	Biomarkers of Disease Activity
	Clinical Manifestations
	Diagnosis
	Treatment
	Glucocorticoids
	Conventional Immunosuppressants
	Targeted Agents
	Anti-CD20 Antibody
	Anti-CD19 Antibody
	T-Cell Co-stimulation Blockade

	Ongoing Clinical Studies of Interventions

	Prognosis
	Risk Factors for Relapse
	IgG4-Related Disease and Malignancies
	IgG4-Related Disease and Lymphoma

	Conclusions
	References




