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Abstract

Immunoglobulin G4-related disease (IgG4-RD) is a new dis-
ease category involving many organ systems, including the
endocrine system in general and the thyroid in particular.
Since an initial association was made between hypothyroid-
ism and autoimmune (lgG4-related) pancreatitis, more
forms of IgG4-related thyroid disease (IgG4-RTD) have been
recognized. Four subcategories of IgG4-RTD have so far
been identified: Riedel thyroiditis (RT), fibrosing variant of
Hashimoto thyroiditis (FVHT), IgG4-related Hashimoto thy-
roiditis, and Graves disease with elevated IgG4 levels. Al-
though a male predominance is seen for IgG4-RD in general,
RT and FVHT have a female preponderance. The pathogen-
esis of IgG4-RD is not completely understood; however, ge-
netic factors, antigen-antibody reactions, and an allergic
phenomenon have been described. Diagnosis of 1gG4-RD
requires a combination of clinical features, serological evi-
dence, and histological features. Histology is the mainstay of
diagnosis, with IgG4 immunostaining. Although serum IgG4
levels are usually elevated in IgG4-RD, raised serum IgG4 is
neither necessary nor adequate for diagnosis. Imaging sup-
ports the diagnosis and is a useful tool in disease monitoring.

Management of IgG4-RTD is both medical and surgical. Ste-
roids are the first-line treatment and may produce a swift
response. Tamoxifen and rituximab are second-line agents
used in steroid-resistant patients. Surgical debulking is car-
ried out in RT solely as a procedure to relieve obstruction.
Other endocrine associations described with 1gG4-RD are
hypophysitis and Hashimoto encephalopathy. IgG4-RTD is
an uncommon disease entity, and prompt diagnosis and
treatment can improve outcomes.

© 2016 European Thyroid Association
Published by S. Karger AG, Basel

Introduction

Immunoglobulin G4-related disease (IgG4-RD) is a
new clinical disease entity which is characterized by a
dense lymphoplasmacytic infiltrate rich in IgG4-positive
plasma cells in the affected tissues, with a tendency to
form tumefactive lesions, and storiform fibrosis with fre-
quent but not invariable elevations of serum IgG4 levels,
and a swift initial response to glucocorticoids [1]. IgG4-
RD was first identified in 2001, when sclerosing pancre-
atitis was found to be associated with high serum IgG4
levels and to respond to glucocorticoid therapy [2]. This
disease entity seems to have unified several diseases de-
scribed decades ago, which were previously thought to
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occur in isolation, such as Mikulicz syndrome [3], retro-
peritoneal fibrosis [4], Kiittner tumour [5], and Riedel
thyroiditis (RT) [6].

In 2012 a consensus guideline on the nomenclature of
IgG4-RD was released, which brought together the dispa-
rate organ diseases into 1 disease spectrum [1]. Figure 1
demonstrates the spectrum of IgG4-RD known so far [7].
In 2005 an association of hypothyroidism with positive
thyroglobulin antibody was noted in autoimmune pan-
creatitis patients [8], prompting examination of the spec-
trum of IgG4-related thyroid disease (IgG4-RTD). IgG4-
RTD is thus a new disease classification linked to IgG4-
RD, but the precise relationship is not yet fully defined.
In this review, we will describe the current understanding
of IgG4-RTD.

Sparse data exist on the epidemiology of IgG4-RD.
Asian data predominates, with 1 Japanese study estimat-
ing the annual incidence of IgG4-RD to be 0.28-1.08/
100,000, with a total incidence of 8,000 patients predicted
in Japan in 2009, which accounted for a prevalence of ap-
proximately 62 patients per million inhabitants [9]. There
is a male predominance with a 4:1 ratio and a peak inci-
dence between 50 and 70 years of age [10].

Classification of IgG4-RTD

We have categorized IgG4-RTD as:

RT

Fibrosing variant of Hashimoto thyroiditis (FVHT)
IgG4-related Hashimoto thyroiditis (IgG4-RHT)
Graves disease with elevated 1gG4 level

Although the above disease entities are described as
separate diseases, overlap among these has been observed.
However, there are insufficient data at present to com-
pletely link each of them together into a single disease
entity.
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Pathogenesis

Most studies of the pathogenesis of [gG4-RD are based
on autoimmune pancreatitis alone. Genetic factors, anti-
gen-antibody reactions, and allergic phenomenon seem
to play a pivotal role. The pathogenesis of IgG4-RTD, in
relation to IgG4-RD, is poorly understood.

Genetic Factors
A few genetic factors have been reported to be associ-
ated with the susceptibility to autoimmune pancreatitis,
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such as HLA-DRB1*0405 and HLA-DQB1*0401 haplo-
types in Japanese patients, which may play a functional
role in antigen presentation and in the induction of an
autoimmune response [11]. Although familial cases of
IgG4-RD appear to be rare, 2 siblings with multifocal fi-
brosclerosis and RT have been reported [12], and it is
quite possible that some familial forms might have been
missed in the past because the entity had not been recog-
nized.

Antigen-Antibody Reactions and Allergic Phenomena

A model for the pathogenesis of IgG4-RD was devel-
oped by Maehara et al. [13]. According to the model, the
pathogenic processes of IgG4-RD could be initiated by
immune responses to infections, commensal microbes,
food, and environmental allergens, with tissue damage
leading to activation of CD4+ cytotoxic T lymphocytes,
which infiltrate affected tissues and mediate inflamma-
tion and fibrosis. Activated T cells produce inflammatory
cytokines, including multiple interleukins (IL) such as IL-
4,1L-5,1L-10, and IL-13, interferon gamma (INF-y), and
transcription growth factor beta (TGF-P) [14]. The major
function of IL-4 and IL-10 is to initiate class switching of
autoreactive B lymphocytes to IgE and IgG4 production
and to promote the differentiation of IgG4-positive plas-
ma cells. IL-5, IL-13, and TGF- play a major role in the
recruitment of eosinophils as well as fibroblast activation,
causing dense fibrosis and obliterative phlebitis [13] with
tissue damage. 1gG4 and IgE antibodies cross-react to
self-antigens. B cells that recognize self-antigens may
then present those self-antigens to autoreactive T cells,
leading to a vicious circle between T cells and B cells [15].
It is not yet clear whether IgG4 plays a central role in the
pathogenesis of IgG4-RD or is the result of the fibroin-
flammatory process, as IgG4 antibodies are unable to
cross-link antigens to form immune complexes and acti-
vate the complement system [16]. Figure 2 illustrates the
pathogenesis of IgG4-RD [13].

Histological Features

A characteristic histological appearance of IgG4-RD is
essential for a definitive diagnosis. There are 3 major fea-
tures: (1) a lymphoplasmacytic infiltrate rich in IgG4
plasma cells; (2) fibrosis arranged at least focally in a sto-
riform (irregularly whorled) pattern; (3) obliterative
phlebitis; and 2 minor features that can be associated but
are nonspecific: (4) phlebitis without obliteration of the
lumen, and (5) an increased number of eosinophils [17].
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For a confident pathological diagnosis, at least 2 of the
major features are necessary. The histological features of
IgG4-RHT are a predominant interfollicular pattern of
tibrosis, small thyroid follicles, marked follicular cell de-
generation, and increased giant cell/histiocyte infiltration
[18], whereas predominant interlobular fibrosis, and
mild or no other histological features are seen in Hashi-
moto thyroiditis (HT) unrelated to IgG4.

IgG4 immunostaining is important for the diagnosis,
especially when serum IgG4 is not elevated. Although
IgG4 plasma cells per high-power field has an acceptable
specificity, an 1gG4/IgG plasma cell ratio of greater than
40% is considered more valuable, as some inflammatory
lesions have high IgG4 plasma cells. Caveats also exist for
the 1gG4/IgG plasma cell ratio as inflammatory condi-
tions, such as rheumatoid arthritis and Castleman syn-
drome, can also have elevated ratios without IgG4-RD
[17]. Different cut-offs have been suggested for disease in
different organs, including for the thyroid gland. More

o - Autoimmune hypophysitis
—2/‘ - Orbital pseudotumor
= - Mikulicz disease
'__ - Kuttner tumor
« HT
« RT
« Interstitial pneumonia
= Autoimmune pancreatitis
= Sclerosing cholangitis
* Tubulointerstitial nephritis
- Retroperitoneal fibrosis
- Lymphoplasmacytic aortitis
* Inflammatory aneurysm
* Eosinophilic angiocentric fibrosis
* Inflammatory pseudotumor
. * Prostatitis
+ Cutaneous pseudolymphoma

Fig. 1. IgG4-related conditions. Many diseases have been reported
to be IgG4-related. Modified from Umehara et al. [7] with permis-
sion.

Fig. 2. Schematic model of CD4+ cytotoxic
T lymphocytes (CTLs) in IgG4-RD patho-
genesis. Clonal expansion of CD4+ CTLs
and their infiltration into tissue sites may
be the cause of this disease state. Reactiva-
tion of these CD4+ CTL cells may require
antigen presentation by plasmablasts or
other activated B cells in tissue sites. Acti-
vated CD4+ CTLs presumably mediate fi-
brosis and inflammation as a result of cy-
tokine secretion or possibly the induction
of cell death. The mechanisms by which
CD4+ CTLs may cause disease remain
speculative. Reproduced from Maehara et
al. [13] with permission.
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Table 1. Comprehensive diagnostic criteria for IgG4-RD

1 Clinical examination: clinical history, physical examination,
imaging

2 Immunological examination: IgG4 in serum >135 mg/dL or
elevated IgG4/IgG ratio; possibly accompanied by other
laboratory tests, such as IgE, y-globulin, or a complement

3 Histopathologic examination: lymphoplasmocytic infiltration
with storiform fibrosis and obliterative phlebitis, infiltration
by IgG4-positive plasma cells (IgG4+/1gG+ >40%)

1 + 2 = possible IgG4-RD; 1 + 3 = probable IgG4-RD; 1 + 2 +
3 = definite IgG4-RD. Adapted from Umehara et al. [21].

than 20 IgG4 plasma cells per high-power field and an
IgG4/IgG ratio greater than 30% have been adopted by Li
et al. [18] in diagnosing IgG4-RT, with claimed higher
sensitivity and specificity.

Serum IgG4 Levels

Serum IgG4 levels are usually elevated to greater than
135 mg/dL in IgG4-RD, but this is neither necessary nor
adequate for diagnosis. Carruthers et al. [19] described
conditions that can cause elevated IgG4, such as infec-
tions, connective tissue diseases, and immunodeficiency
states, and demonstrated a sensitivity and specificity of
90 and 60%, respectively, for diagnosing IgG4-RD when
the cut-off for serum IgG4 was set at greater than 135 mg/
dL. The measurement of serum IgG4 is also useful to as-
sess treatment response and recurrence [20].

Diagnosis

Diagnostic criteria for IgG4-RD were proposed in
2012 utilizing clinical features, serological evidence, and
histological features (Table 1) [21]. Diagnosis in each cat-
egory of IgG4-RT is mentioned separately.

Imaging

Imaging in IgG4-RTD may support the diagnosis, but
findings are not specific for the disease. Ultrasound of the
thyroid has been the most commonly used modality and
it usually shows diffuse low echogenicity of the thyroid
gland in IgG4-related HT, whereas non-1gG4 thyroiditis
is associated with diffuse, coarse echogenicity [22]. This
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may be due to the higher degree of stromal fibrosis and
follicular cell degeneration in IgG4-HT. In RT cases,
while ultrasound shows hypoechogenicity, computed to-
mography (CT) shows a hypodense, infiltrative mass,
which slightly enhances after contrast. MRI shows hy-
pointensity in T1 and T2 images [23]. CT/MRI with PET
scans have been utilized for the diagnosis, especially in the
setting of ruling out malignancy in other IgG4-RD and
also for disease monitoring after treatment [24]. When
extrathyroidal disease is suspected, CT and FDG-PET
scanning may assist in defining the disease extent and ac-
tivity.

Riedel Thyroiditis

RT is a rare form of chronic thyroiditis that is charac-
terized by extensive fibrosis involving the thyroid gland
and its surrounding tissues [25]. In 1896, Riedel initially
recognized hard and infiltrative lesions in the thyroid
gland in 2 cases which were thought to be malignant but
were histologically proven to be otherwise [26]. RT ap-
pears to be the thyroid disease with the strongest associa-
tion to IgG4-RD. At the Mayo Clinic, over a period of 64
years until 1985, only 37 patients with RT were encoun-
tered (of 56,700 patients who underwent thyroidectomy
[27]), highlighting the rarity of the disease, with an esti-
mated incidence of 1.06 cases per 100,000 outpatients. In
contrast to IgG4-RD, RT is more common in women,
with a recent case series showing 81% of confirmed Rie-
del’s diagnoses from 1976 to 2008 in women [28].

RT was linked with other fibrosclerotic diseases and
thought to be a part of IgG4-RD due to the extensive thy-
roidal fibrosis and due to the discovery of associated or-
gan involvement, such as retroperitoneal fibrosis [25, 29],
pancreatic fibrosis, mediastinal fibrosis, orbital pseudo-
tumour [28], and sclerosing cholangitis [12]. RT usually
presents as a firm mass in the neck with the compressive
symptoms of tracheal narrowing, dysphagia, and vocal
cord paralysis [25]. However, in about a third of patients
with RT, 1 or more of the other fibrosing disorders devel-
ops over the next decade [28]. Although most patients are
clinically euthyroid at presentation, 30-40% eventually
develop hypothyroidism as the gland is progressively in-
filtrated [30]. Antibody titres against thyroglobulin (Tg-
Ab) and thyroperoxidase (TPO-AD) are elevated in 90%
[25] in RT, but most likely due to concurrent HT rather
than an autoimmune etiology of RT [31]. Hypocalcaemia
is common due to the involvement of parathyroid glands
in the fibroinflammatory process [32]. The differential
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Table 2. Differentiation of FVHT and RT

Finding RT FVHT

Thyroid antibodies Moderate titre High titre

Normal thyroid tissue Sharply demarcated Diffuse involvement
Venulitis Yes No

Extrathyroidal invasion Yes No

Hiirthle cells No Yes

Lymphocyte light chains A-dominant k-dominant

Plasma cell production
Associated autoimmune disease
Associated de Quervain syndrome
Ultrasound appearance

Doppler flow

Increased IgA (47%)
Yes

IgG-dominant, IgA (<15%)
Yes

Yes No
Hypoechoic Hypoechoic
Diminished Enhanced

Adapted from Hennessey [35].

diagnosis of RT includes anaplastic thyroid cancer [33],
lymphoma [34], and FVHT [35].

The histological criteria of RT are: (1) a fibroinflam-
matory process involving all or a portion of the thyroid
gland; (2) evidence of extension into the surrounding tis-
sues, including strap muscles; (3) infiltrates of inflamma-
tory cells without giant cells, lymphoid follicles, onco-
cytes, or granulomas; (4) evidence of occlusive phlebitis,
and (5) absence of neoplasm [36]. Immunohistochemis-
try staining is not part of the histological diagnostic crite-
ria yet, although a link between IgG4-RD and RT was
shown for the first time by Dahlgren et al. [37], who dem-
onstrated excessive numbers of IgG4-positive plasma
cells in 3 RT histological samples with histopathology
otherwise consistent with a diagnosis of IgG4-RD. In a
recent study performed at the Mayo Clinic, in 6 cases of
RT from 1958 to 2008, 5 cases had IgG4 immunostaining
confirming the link [38]. However, until now elevated se-
rum IgG4 levels have not been documented in RT.

Fibrous Variant of HT

FVHT is an uncommon form of HT, seen in about 10%
of patients with HT [39]. Katz and Vickery [39] first de-
fined this lesion in 1974 and proposed the histopatho-
logical diagnostic criteria of: (1) a marked fibrous replace-
ment of more than one-third of the thyroid parenchyma,
and (2) changes typical of HT in the remaining tissue.
Distinctive clinical features of FVHT include severe pres-
sure symptoms in the neck and a very firm thyroid gland,
with rapid enlargement [40].

IgG4-Related Thyroid Diseases

The incidence of FVHT is unknown. Katz and Vickery
[39] reported that, of 56 cases of FVHT, females predom-
inate, with a female to male ratio of 9:1, mostly consisting
of middle-aged women, between 40 and 60 years of age.

Deshpande et al. [40] studied a group of patients with
FVHT and compared them with typical HT patients,
finding that FVHT patients have more hypothyroidism,
ahigher mean IgG4-positive cell count in affected thyroid
tissue, and a higher IgG4/1gG ratio than typical HT pa-
tients. They described the histology as an exaggerated
lobular pattern, with the lobules separated by cellular sto-
riform-type fibrosis, resembling the fibrosis seen in other
forms of IgG-RD. Based on this evidence, they proposed
that FVHT belonged to the IgG4 spectrum of diseases.
However, differentiating RT from FVHT can be difficult,
and Hennessey [35] described the main distinctions in
these 2 entities (Table 2). Other organ involvement does
not seem to be a feature of FVHT.

IgG4-Related HT

This new entity was proposed by Li et al. [18] in 2009,
with HT divided into 2 groups: 1gG4 thyroiditis (IgG4-
positive plasma cell-rich group), and non-IgG4 thyroid-
itis (IgG4-positive plasma cell-poor group). It is an or-
gan-specific disease of the thyroid gland, and, unlike RT,
has not been associated with other systemic manifesta-
tions of IgG4-RD.

The incidence is unknown. Li et al. [22] reported that
IgG4-RHT has a male preponderance with an age range
of 47-68 years (mean 52.7 years).
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Fig. 3. a Active inflammation at the left
neck before rituximab (SUVmax, 6.5).
b Decrease in inflammation at the left neck
6 weeks after rituximab (SUVmax, 5.2).
c Persistent decrease in inflammation at
the left neck 10 months after rituximab
(SUVmax, 3.7). d Active inflammation at
the mediastinum before rituximab (SUV-
max, 8.8). e Decrease in inflammation at
the mediastinum 6 weeks after rituximab
(SUVmax, 4.9). f Persistent decrease in in-
flammation at the mediastinum 10 months
after rituximab (SUVmax, 4.2). Repro-
duced from Soh et al. [50] with permission.

IgG4-RHT is associated with more rapid progress,
subclinical hypothyroidism, diffuse low echogenicity on
ultrasonography, and a higher level of circulating thyroid
autoantibodies than non-IgG4 thyroiditis [22]. It was also
found that, after total thyroidectomy, the serum IgG4
concentration in IgG4-RHT showed a significant reduc-
tion and often returned to the normal range. IgG4-RHT
differs from RT as marked fibrosis, extrathyroidal exten-
sion, and other systemic manifestations are absent [6].
FVHT could well be a part of IgG4-RHT, although no
distinct histological criteria to differentiate them are
available at present.

Graves Disease in the Context of IgG4-RTD
A small subset of patients with Graves disease was

found to have elevated serum IgG4 levels. These patients
were older and had more hypoechoic areas on ultraso-
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nography, but any histological differences have not been
evaluated [41]. An association of Graves ophthalmopathy
with elevated serum IgG4 levels has also been found [42],
but more data are required to link this to IgG4-RTD.

Management

Therapeutic options in IgG4-RTD are both medical
and surgical, and which comes first depends on the stage
of the disease. Due to the rarity of these conditions, no
randomized control studies have been carried out for any
treatment modality.

Medical Management

In RT, L-thyroxine replacement is used for associated
primary hypothyroidism, and calcium and calcitriol ther-
apy for hypoparathyroidism, as clinically indicated. Glu-
cocorticoids remain the mainstay of treatment for RT,
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which can give symptomatic relief for upper airway symp-
toms, dysphonia, and recurrent laryngeal nerve involve-
ment, and reduce the size and hardness of the pathologi-
cal tissue mass [43]. Glucocorticoid usage early in the
course of the disease has shown to reduce the progression
of the disease [44]. Glucocorticoid starting doses range
widely from 15 to 100 mg per day, and are generally re-
duced slowly over weeks to months. Remission rates after
glucocorticoid usage are unclear, but relapse can occur
during dose reduction. Nonsmokers respond better than
smokers [28].

Tamoxifen is the second-line agent which has been
used successfully in patients who relapse on glucocorti-
coids. Tamoxifen inhibits fibroblastic function, perhaps
through its influence on the production of TGF{, which
is a potent growth inhibitor [45]. Doses of 10-20 mg of
tamoxifen either in combination with continued glu-
cocorticoid therapy or as a monotherapy have been re-
ported to be successful, especially in symptom control
and reduction in pathological tissue mass [46, 47]. Case
reports have suggested that the combination of mycophe-
nolate mofetil, which directly inhibits T and B lympho-
cytic proliferation and antibody production, with pred-
nisolone can be used in glucocorticoid and tamoxifen-
resistant patients [48].

Recent results from a prospective, single-arm pilot tri-
al of rituximab alone in IgG4-RD provided strong evi-
dence that B cell depletion is an effective treatment, al-
though none of the 30 participants had RT [49]. Soh et al.
[50] reported that treatment with rituximab was effective
in a patient with RT refractory to steroids and tamoxifen
in reducing the extrathyroidal inflammatory mass and as-
sociated symptoms. Figure 3 illustrates the FDG-PET
scan uptake before and after treatment with tamoxifen in
this patient.

Surgical Management

Although debulking surgery has been performed for
RT, especially isthmectomy to relieve obstruction, more
extensive surgical procedures are generally considered
inappropriate in the management of RT due to the risk of
permanent vocal cord palsy and surgical hypoparathy-
roidism [51].

Association with Malignancy
Although pancreatic adenocarcinoma [52], non-

Hodgkin lymphoma [53], and salivary duct cancer [54]
have been linked to IgG4-RD, the actual risk of malig-

IgG4-Related Thyroid Diseases

nancy is unknown. Studies on the effect of IgG4-positive
cells on cancer tissue suggest that IgG4 antibodies can
increase tumour-inducing Th2-associated inflammatory
conditions and cause loss of antitumour immunity by in-
hibiting immune effector cell activation [55, 56]. Case re-
ports have shown that RT also has associations with fol-
licular and papillary thyroid cancer [57, 58]. However,
further studies are needed to confirm this association.

Other Endocrine Associations

Other endocrine diseases are emerging in the IgG4-
RD spectrum. Hashimoto encephalopathy was found to
be associated with high serum and intrathecal IgG4 levels
in a case report [59]. IgG4-related hypophysitis has been
the subject of case reports and a case series [60].

Conclusion

IgG4-RTD is an emerging new disease entity that con-
sists of previously known diseases such as RT and FVHT,
as well as new disease categories, such as [gG4-RHT and
IgG4-related Graves disease. The pathogenesis of each of
these disease categories is still unclear, and precise diag-
nostic criteria are not yet defined. It also remains unclear
whether treatment should be disease specific. Any asso-
ciation with thyroid cancer remains to be confirmed. Al-
though IgG4-RTD is an uncommon form of thyroiditis,
its identification in the correct clinical setting is impor-
tant to further our understanding of the pathogenesis and
disease course, and may enable better treatment.
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