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IgG4-related disease (IgG4-RD) is an emerging immune-mediated disease with the capability of involv-
ing essentially any organ. The epidemiology of this disease has not been explored in detail. A majority of
patients reported in the literature to date are from Japan, but the condition has been described all across
the world and there is no strong evidence to suggest a predilection for Asian populations. The mean age
at diagnosis is approximately 60 years and there is a decided male predominance for many clinical fea-
tures, with an overall male:female ratio of 8:3. A cardinal feature of IgG4-RD is single or multiple organ
swelling that often raises concern for malignancy. IgG4-RD should be suspected in patients presenting
with unexplained enlargement or swelling of one or more organs. Presenting features vary substantially
according to the specialty to which patients present first; in addition, the disease can be diagnosed
unexpectedly in pathological specimens or identified incidentally on radiology studies. Involvement of
major organs is common and IgG4-RD may lead to organ failure, particularly in the pancreas, liver and
biliary tree, kidneys, thyroid gland, lungs, and aorta. The diagnosis of IgG4-RD relies on the coexistence
of various clinical, laboratory and histopathological findings, although none is pathognomonic by itself.
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1. Historical overview and definition

IgG4-related disease (IgG4-RD) is a systemic immune-mediated
disease described in Japan in the first years of the 21st century [1]. The
disease is characterized pathologically by the infiltration of IgG4-
bearing plasma cells into involved organs [1]. IgG4-RD is not a new
disease because many previously-recognized single- and even multi-
organ conditions, once regarded as entirely separate disorders, are
nowknown to comprise parts of the IgG4-RD spectrum. Such conditions
include “Mikulicz disease”, “Küttner tumor”, Riedel thyroiditis, and
Ormond disease, among others.

In 2001, Hamano et al. [2] linked the finding of high serum levels of
IgG4with a specific form of organ involvement, namely “sclerosing pan-
creatitis”, now known as type 1 (IgG4-related) autoimmune pancreati-
tis. In 2003, Kamisawa et al. [3] employed the term “IgG4-related
autoimmune disease,” following the recognition that patients with
autoimmune pancreatitis could have extensive organ involvement be-
yond the pancreas and therefore represented a previously unidentified
systemic disorder. In 2012, an international multidisciplinary study
group proposed the name “IgG4-RD” [4] in preference to alternative
names such as “IgG4-related systemic disease,” “IgG4-related sclerosing
disease,” or “IgG4-positive multiorgan lymphoproliferative syndrome.”
IgG4-RD has now been reported in nearly every organ, though it was
first identified in the pancreas and salivary glands [5–7]. Few data
exist on the epidemiological and clinical features of large series of
patients. This review addresses current knowledge about the clinical
spectrum of IgG4-RD, focusing principally on the specific characteristics
of each organ involved.

2. Geoepidemiology of IgG4-RD

IgG4-RD is generally regarded as an uncommon disorder but it is
likely that substantial under-recognition of the disease exists because
many physicians remain unfamiliar with this diagnosis. A recent study
estimated that approximately 8000 patients had IgG4-RD in Japan in
2009 [8], representing an estimated prevalence in the Japanese popula-
tion of 6 cases per 100,000 people. Fig. 1 summarizes the geographic or-
igin of 3482 reported cases (MEDLINE search of articles published
through March 24, 2014, excluding small series and isolated cases).
The country of origin was specified in 2504 cases, of which 1856 (74%)
were from Japan. It remains unclear if the disease is more common
among Japanese or if Japanese investigators have simply written most
extensively about IgG4-RD because the disease was identified first in
Japan. The authors favor the second explanation, and note that cases of
IgG4-RD have been now described in nearly all racial and ethnic groups.

The epidemiology of IgG4-RD has not been described definitively,
and multiple knowledge gaps remain. The mean age at diagnosis of
the reviewed cases was 61.4 years, with a clear male predominance
(2451/3366 cases, or 73%). Only two studies found a mean patient age
of less than 50 years, and only the study by Nakazawa et al. [9] reported
a mean age of greater than 70 years. The youngest patient reported to
date was 14 years of age at presentation [10], and the oldest 88 [11].

3. Clinical spectrum of IgG4-RD: organ-by-organ characterization

3.1. Pancreas

The pancreas was the first organ reported in the context of IgG4-RD
[2,3] and perhaps as a result this organ has been reported most
frequently in the literature. Type I autoimmune pancreatitis was de-
scribed in 345/840 (41%) systemic cases reported (Table 1). Eight stud-
ies including 1245 patients have focused on IgG4-related pancreatitis
[10,12–18]. Four studies [10,12,15,18] have detailed the main present-
ing symptoms, which included jaundice in 97/129 (75%) patients, ab-
dominal pain in 49/103 (48%), pruritus in 7/30 (23%), steatorrhea in
13/83 (16%), and new-onset diabetes mellitus in 11/83 (13%) patients.

Cross-sectional imaging such as computed tomography (CT) is par-
ticularly useful in the evaluation of pancreatic disease. Imaging findings
can be highly suggestive of type 1 autoimmune pancreatitis. The typical
features are a sausage-shaped pancreas with enhancement around the
rim of the organ, representing edema secondary to inflammation.
Among the patients in this study, abdominal CT showed pancreatic en-
largement, more frequently focal (56%) than diffuse (44%) [10,15]. Pan-
creatic atrophy, either diffuse or distal, has also been reported [10].
Other infrequent radiological findings have been acute pancreatitis, a
normal-size gland with diffusely decreased enhancement, or even a
normal pancreas [10].
3.2. Biliary tree and gallbladder

Involvement of the biliary tree was reported in 152/781 (19.5%) pa-
tients with systemic disease (Table 1). Seven studies including a total of
647 patients have focused on descriptions of IgG4-related sclerosing
cholangitis [9,12,19–23]. Because a close relationship exists between
IgG4-related pancreatitis and IgG4-related biliary tract disease, 127
(83%) of the 153 patients reported to have IgG4-related sclerosing
cholangitis had concomitant autoimmune pancreatitis [12,19,20,23],
and 66 (40%) of the 166 patients with autoimmune pancreatitis also
had IgG4-related sclerosing cholangitis [12,13,15,17].

Nearly 60 cases of IgG4-related cholecystitis have been reported
(Table 2). Among patients with IgG4-related pancreatitis or cholangitis,
gallbladder thickening was also reported in more than 50% of patients,
and histopathological analyses of the gallbladder showed transmural
lymphoplasmacytic inflammatory infiltrates and extramural inflamma-
tory nodules [12]. Most cases of gallbladder involvement are asymp-
tomatic and constitute surprise findings when the gallbladder is
removed incidentally at the time of other procedures. It is likely that
IgG4-related cholecystitis is commonly overlooked.
3.3. Major salivary glands

Major salivary glands are among the organs affectedmost common-
ly by IgG4-RD (Table 1); 321 (40%) of the 799 cases of systemic disease
showed salivary gland involvement. IgG4-related sialoadenitis has been
specifically studied in 10 studies [11,12,17,24–30], including 158 pa-
tients with Mikulicz disease (defined as the bilateral swelling of at
least two major salivary or lachrymal glands) and 42 with Küttner dis-
ease (also known as chronic sclerosing sialadenitis, affecting the sub-
mandibular glands). Glandular swelling, often subacute, was the key
sign on examination. The submandibular glands were affected in 137/
145 (94%) patients, the parotid glands in 38/133 (29%), and the sublin-
gual glands only in 8 cases [52]. Sublingual gland enlargement, howev-
er, is more difficult to detect on examination than are parotid and
submandibular gland enlargements. Sicca symptoms are common in
IgG4-RD patients with sialadenitis (56/90 patients; 62%) but tend to re-
spond well to treatment with glucocorticoids, in contrast to patients
with Sjögren's syndrome.



Fig. 1. Geographical origin of 3482 reported cases of IgG4-RD. There may be overlapping data in some multicenter studies. One study* detailed the number of cases by geographical area
(North America, Europe and Asia).
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3.4. Ophthalmic involvement

Ophthalmic involvement, usually centered on the lachrymal glands
(dacryoadenitis), was reported in 163 (29%) of 567 patients in this
study with systemic disease (Table 1). Seven studies including a total
of 161 patients have focused on IgG4-related ophthalmic involvement
[31–37]. Nearly half of the patients described have had isolated involve-
ment of the lachrymal glands, mainly bilateral [36]. The main clinical
feature was a painless eyelid swelling (unilateral or bilateral). Other
clinical presentations included visual disturbances due to optic neurop-
athy (anopsia, hemianopsia), ocular movement restrictions, exophthal-
mos, and ptosis. Inflammatory eye disease (scleritis) has been reported
in some cases (one in a patientwith concomitant uveitis). Features such
as corneal ulceration, eye pain, or epiphora are infrequent.

3.5. Lungs, pleura and mediastinum

Pulmonary involvement has been reported in 75 (12%) of 620 pa-
tients with systemic presentations (Table 1). Two studies including a
Table 1
Main features of patients with IgG4-RD according to the nature of patient collection (unselecte
(systemic series), series including patients with salivary and lacrimal glandular involvement
cholangitis (pancreatobiliary series), and series including other organ-specific IgG-4 related dis

Systemic series Glandu

Number of patients 887 361
Mean age at diagnosis (years) 61.65 58.80
Asian patients 729 (82%) 327 (9
Males 542/755 (72%) 179 (5
Single-organ involvement 130/296 (44%) 59/139
Autoimmune pancreatitis 345/840 (41%) 43/237
Salivary gland involvement 321/799 (40%) 227/27
Lacrimal involvement 163/567 (29%) 188/29
Lymphadenopathy 154/593 (26%) 45/227
Cholangitis 152/781 (19%) 13/237
ENT involvement/atopy 44/261 (17%) 47/237
Retroperitoneal involvement 87/667 (13%) 26/237
Renal involvement 86/667 (13%) 21/237
Lung involvement 75/620 (12%) 18/237
Aortic involvement 35/375 (9%) 0/237
total of 39 patients have been focused on IgG4-related pulmonary dis-
ease [38,39], including35patientswith lung disease and11with pleural
involvement (7 patients had involvement of both the lung parenchyma
and pleura). Pulmonary involvement is often asymptomatic at presen-
tation and was diagnosed incidentally by imaging studies in no fewer
than 62% of patients. However, pulmonary disease can worsen dramat-
ically over time, leading to severe interstitial lung disease, large airway
compromise, and other complications. When clinical symptoms are
present (38% of those with radiologic lung disease at presentation),
they usually consist of cough and/or sputum (dyspnea and chest pain
are less frequent).

Pleural involvement, consisting principally of nodular pleural thick-
ening that mimics mesothelioma, has been reported in 28% of patients
with IgG4-related pulmonary disease [38,39]. Pleural effusions are un-
usual and seldom dominate the clinical picture.

The most frequent mediastinal involvement consisted of lymph
nodes (hilar and/or mediastinal lymphadenopathy accompanies most
cases of pulmonary disease). Mediastinal fibrosis (soft tissue masses
in paravertebral regions) has been reported in a total of 7 patients
d or selected by organ): figures obtained in series including unselected cases of IgG4-RD
(glandular series), series including patients with autoimmune pancreatitis or sclerosing
ease (other series).

lar series Pancreatobiliary series Other series

1892 342
62.28 62.49

1%) 1254 (66%) 250 (73%)
0%) 1446/1847 (78%) 240 (75%)
(42%) 79/138 (57%) 41/184 (22%)
(18%) 1368/1398 (98%) 95/242 (39%)
8 (82%) 46/264 (17%) 102/232 (52%)
4 (64%) 6/96 (6%) 33/160 (21%)
(19%) 48/297 (16%) 134/230 (58%)
(5%) 685/813 (84%) 28/342 (8%)
(20%) 2/260 (1%) 40/242 (17%)
(11%) 22/313 (7%) 39/255 (15%)
(9%) 18/313 (6%) 121/266 (45%)
(8%) 6/313 (2%) 75/253 (30%)

(0%) 5/313 (2%) 36/268 (13%)



Table 2
List of involvements of organs and clinical presentations reported in IgG4-RD. In parenthe-
sis, number of cases reported in studies including N10 patients.

1. Pancreas (n = 1849)
− Autoimmune pancreatitis
− Pancreatic enlargementa

− Pancreatic atrophya

− New-onset diabetes mellitus
2. Biliary tree (n = 876)
− Sclerosing cholangitis
− Biliary stricturesa

3. Gallbladder (n = 58)
− Sclerosing cholecystitis
− Gallbladder tumor/nodulea

− Gallbladder thickeninga

4. Major salivary glands (n = 610)
− Swelling of submandibular glands
− Swelling of parotid glands
− Swelling of sublingual glands
− Sicca syndrome
5. Ocular involvement (n = 486)
− Swelling of lachrymal glands (dacryoadenitis),
− Eyelid swelling
− Visual disturbances
− Optic neuropathy
− Ocular movement restrictions
− Orbital myositis
− Exophthalmus
− Ptosis
− Corneal ulcer
− Epiphora
− Scleritis
− Uveitis
6. Pulmonary involvement (n = 174)
− Respiratory symptoms (cough, increased sputum)
− Asthma
− Pulmonary solid nodulesa

− Thickening of bronchovascular bundles and interlobular septaa

− Interstitial involvementa

− Round-shaped ground-glass opacitya

7. Pleural involvement (n = 5)
− Nodular pleural thickeninga

− Pleural effusiona

8. Mediastinal involvement (n = 5)
− Mediastinal adenopathiesa

− Mediastinal fibrosisa

− Paravertebral soft tissue massesa

9. Thymus (n = 1)a

− Thymic tumor-like massa

− Diffuse thymic fibrosisa

10. Renal involvement (n = 246)
− Altered renal parameters (creatinine, proteinuria, hematuria)
− Nephrotic syndrome
− Renal swellinga

− Renal atrophya

− Solitary nodules or cystsa

− Tubulointerstitial nephritis
− Membranous nephropathy
− IgA nephropathy
− Focal and segmental proliferative glomerulonephritis
− Membranoproliferative glomerulonephritis
− Mesangial proliferative glomerulonephritis
11. Retroperitoneal involvement (n = 174)
− Retroperitoneal fibrosisa

− Periaortic massesa

− Periiliac massesa

− Pericaval massesa

− Presacral massesa

− Retrovesicular massesa

− Perirectal massesa

12. Urinary tract and bladder (n = 7)
− Hydronephrosis
− Urinary bladder pseudotumora

− Interstitial cystitis
13. Mesenterium (n = 6)
− Sclerosing mesenteritis or pseudotumora

− Omental involvement similar to peritoneal carcinomatosisa

14. Aorta (n = 76)
− Aortitisa

− Periaortitisa

− Aortic dilationa

− Aneurysma

− Dissection
15. Arterial involvement (n = 2)
− Coronary arteries
− Iliac arteries
− Carotid arteries
− Vertebral artery
− Intracerebral aneurysms
16. Meninges (n = 10)
− Headache
− Cranial nerve palsies
− Visual disturbances
− Motor weakness
− Limb numbness
− Sensorineural hearing loss
− Seizures
− Hypertrophic pachymeningitisa

17. Cranial nerves (mixed with other involvements)
− Optic nerve
− Trigeminal nerve (supra/infraorbital branches)
− Facial nerve palsy
− Other cranial nerves (VII, VIII, X, and XII)
18. Vertebral nerve rootsb

− Lumbar spinal nervesa

− Sacral spinal nervesa

− Cervical spinal nervesa

19. Brain (n = 2)
− Inflammatory cerebral pseudotumora

− Intracerebral aneurysmsa

20. Pineal gland (n = 11)
− Hypopituitarism
− Central diabetes insipidus
− Enlargement of the anterior pituitary gland and/or stalka

21. Thyroid involvement (n = 30)
− Hypothyroidism
− Autoimmune thyroiditis
− Thyroid gland swellinga

− Thyroid nodulesa

− Thyroid atrophya

22. Prostate (n = 24)
− Urinary retention
− Prostatitis
− Prostate hypertrophya

− Prostate massa

23. Breast (n = 3)
− Mastitis
− Painless breast mass/nodule
24. Testes (n = 1)b

− Scrotal mass
− Epididymo-orchitis
− Paratesticular pseudotumor
25. Allergic processes (n = 133, mixed with ENT)
− Drug reactions
− Urticarial
− Conjunctivitis
− Rhinitis
− Dermatitis
− Asthma
26. ENT involvement (n = 133, mixed with allergy)
− Nasal crusting/obstruction
− Rhinorrhea
− Anosmia
− Nasal polyposisa

− Rhinitis
− Sinusitis
− Otitis media
− Nasolacrimal duct involvementa

− Hearing loss
− Larynx
− Mastoiditisa

27. Skin involvement (n = 19)
− Skin plaques
− Subcutaneous nodules
− Brown papules

Table 2 (continued)
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− Dermatitis
− Skin itching
28. Lymph nodes (n = 377)
− Cervical adenopathies
− Hilar adenopathiesa

− Mediastinal adenopathiesa

− Intraabdominal adenopathiesa

− Inguinal adenopathiesa

− Axillary adenopathies
− Systemic lymphadenopathy resembling lymphoma
29. Esophagusb

− Esophagitis
30. Stomach (n = 1)b

− Pseudotumor/focal mass of the stomacha

− Gastric ulcers
− Gastritis
31. Small intestineb

− Major duodenal papilla pseudotumora

− Pseudotumor of an ileal conduita

32. Large intestine (n = 4)
− Colonic pseudotumor
− Colonic polyposis
− Cecum and sigmoid colon nodular lesions
33. Liver (n = 43)
− Inflammatory pseudotumors of the livera

34. Spleen (n = 1)
− Spleen enlargementa

35. Articular involvement (n = 5)
− Arthralgias
− Destructive bone involvement of the orbita

− Involvement of temporal, maxillary, or mastoid bonesa

− Remodeling of adjacent bonesa

− Paravertebral massesa

36. Pericardium (n = 4)
− Pericardial pseudotumor
− Constrictive pericarditis
37. Peripheral nervesb

− Sensory-motor polyneuropathy
− POEMS
− Multiplex mononeuritis

a Features reported in imaging studies.
b Included in isolated reports.

Table 2 (continued)

27. Skin involvement (n = 19)
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[39–43]. Thymus involvement, including tumor-like mass or diffuse
thymic fibrosis, has been rarely reported [28].
3.6. Kidneys

Intrarenal disease has been described in 13% of patients reported
with systemic involvement at presentation (Table 1). Four studies
including a total of 115 patients have focused on IgG4-related kidney
disease [44–47]. Fewer than 10% of patients with renal disease had
their kidney manifestations as the first clinical feature of IgG4-RD
[44–47]. IgG4-RD is nearly always present in other organ systems at
the time renal disease is identified but in some cases extra-renal disease
(e.g., in the submandibular glands) has been overlooked.

The cardinal renal manifestations that bring IgG4-RD to medical at-
tention are azotemia resulting from tubulointerstitial nephritis and
asymptomatic findings on radiology tests. Elevated serum creatinine
levels have been reported in 58 (69%) of the 84 patients on whom
such data were available. Proteinuria, generally sub-nephrotic unless
concomitant glomerular disease is present, is reported in approximately
half of all patients with renal disease (39/83; 47%). Hematuria is some-
what less common but still occurs in approximately one third of pa-
tients with IgG4-related renal disease (more than 1+ in 35/108, 32%).
Nephrotic syndrome is decidedly less common in IgG4-RD and likely
represents membranous glomerulonephropathy occurring either in
isolation or concomitantly with IgG4-related TIN.
3.7. Retroperitoneum, mesentery, and urinary tract

Retroperitoneal fibrosis has been reported in 87 (13%) of 667 pa-
tients presentingwith systemic features (Table 1).When retroperitone-
al fibrosis is present, it is the first clinical manifestation of IgG4-RD in
nearly half the cases [48]. The most common presenting symptoms
were back and flank pain, followed by lower extremity swelling [48].
The locations of the retroperitoneal masses were mainly periaortic
(83%) and periiliac (67%); some patients had additional involvement
in pericaval, presacral, retrovesicular, or perirectal locations [48].
Hydronephrosis (unilateral more frequent than bilateral) was found in
33% of patients [48]. Some cases of mesenteric fibrosclerosis (fibrosing
mesenteritis), pseudotumor or omental involvement (soft-tissue mass
resembling peritoneal carcinomatosis) have been reported. The urinary
bladder is rarely affected by pseudotumors, although a recent study of
idiopathic interstitial cystitis identified 4 IgG4-RD patients with bladder
involvement in a series of 44 total patients with idiopathic interstitial
cystitis [49].

3.8. Lymph nodes

Lymphadenopathy occurs commonly in IgG4-RD and may precede,
coexist with, or follow extranodal manifestations of the disease [50].
Lymphadenopathy has been reported in 154 of 593 (26%) patients
with systemic presentations (Table 1). Three studies including a total
of 82 patients have focused specifically on IgG4-related lymphadenopa-
thy [50–52]. The location of lymphadenopathy in IgG4-RD often corre-
lates with the presence of regional IgG4-related extranodal disease.
Thus, the most frequent locations of lymphadenopathy among pa-
tients with salivary gland enlargement are cervical. Similarly, hilar/
mediastinal or intra-abdominal lymphadenopathy is most common
in patients with pulmonary involvement or pancreatitis/cholangitis,
respectively. Inguinal or axillary lymphadenopathy is also common.
Diffuse lymphadenopathy suggesting lymphoma is occasionally the
presenting feature of IgG4-RD.

3.9. Vascular involvement: aorta and periarterial lesions

Aortic involvement, reported in 35/375 (9%) systemic patients
(Table 1), is a major form of vascular involvement in IgG4-RD. Aortitis
is often detected in imaging studies (periaortitis, aortic dilation, aneu-
rysms), although some patients may present with aortic dissection or
even sudden death caused by rupture. Other periarterial lesions involv-
ing carotid, coronary, pulmonary, celiac, mesenteric, iliac, or vertebral
arteries, as well as intracerebral or peripheral (femoral or popliteal) an-
eurysms, have been reported rarely [41,42].

3.10. Neurological involvement: meninges and cranial nerves

Central nervous system (CNS) involvement is reported infrequently
in IgG4-RD but when present has a specific predilection for the menin-
ges and cranial nerves. Hypertrophic pachymeningitis, reported in 8/
620 (1.3%) systemic patients (Table 1), refers to inflammation leading
to a localized or diffused thickening of the cranial or spinal cord dura
mater. Lu et al. [53] have recently reviewed the characteristics of 33 pa-
tients and found that headache (67%), cranial nerve palsies (33%), vision
disturbances (21%), motor weakness (15%), limb numbness (12%), sen-
sorineural hearing loss (9%) and seizures (6%) were the main clinical
symptoms at presentation. Imaging studieswere likely to disclose either
linear dural thickening or a bulging mass.

Involvement of cranial nerves often results from adjacent tumoral
masses. The best examples are the involvement of the optic nerves
and trigeminal branches (supra/infraorbital nerves) by ocular masses;
involvement of VII, VIII, IX, X, and XII cranial nerves by pachymeningitis/
mastoiditis; or involvement of the spinal nerve roots by paravertebral
masses, including lumbar (n = 3), sacral (n = 3) or cervical (n = 1)
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spinal nerves. Impairment of cranial nerves IX, X, and XII is of particular
concern given the importance of these nerves in coordinating airway pro-
tection during deglutition [53]. Inflammatory cerebral pseudotumor has
been reported in only one case [43].

3.11. Thyroid

Several different forms of thyroid disease are knownor speculated to
be associatedwith IgG4-RD. First, Riedel's thyroiditis has been proven to
be a manifestation of IgG4-RD in a small case series of patients. In addi-
tion, fibrosing Hashimoto's thyroiditis, the pathology of which overlaps
substantially with that of Riedel's, has also been linked to IgG4-RD.

More controversial is the suggestion that Hashimoto's thyroiditis,
the most common autoimmune disease in the general population, is
also (in at least some cases) a form of IgG4-RD. A recent study [54] iden-
tified 19 IgG4-related thyroiditis from 70 patients with Hashimoto thy-
roiditis who underwent total thyroidectomy (mainly for gland swelling,
tracheal stenosis or suspicious of malignant lymphoma). Anti-thyroid
autoantibodies – both anti-thyroglobulin and anti-thyroid peroxidase
antibodies – were significantly higher among patients with “IgG4 thy-
roiditis” compared to those whose thyroiditis was judged not to be as-
sociated with IgG4-RD. Watanabe et al. [55] found hypothyroidism in
22 (19%) of 114 patients with IgG4-RD.

In summary, the relationship between both Riedel thyroiditis and
fibrosing Hashimoto's and IgG4-related disease is solid. Further studies
are required to validate or refute the notion that another entity, “IgG4
thyroiditis”, also exists and accounts for a subset of patients now diag-
nosed with Hashimoto's thyroiditis.

3.12. Hypophysis

Involvement of the hypophysis is a typical though rare form of IgG4-
RD (8/550 systemic cases, 1.5%). Bando et al. [56] have recently
reviewed 29 cases that presented with hypopituitarism (n= 7), diabe-
tes insipidus (n = 4), or both (n = 17). Magnetic resonance imaging
studies typically reveal enlargement of the anterior pituitary and/or
stalk.

3.13. Prostate, breast, and testes

Involvement of the prostate has also been reported in approximately
2% (10 of 488 patients) of systemic disease (10/488, 2%). Most patients
described in the literature to date were diagnosed retrospectively with
IgG4-related prostatitis on the basis of histopathologic findings follow-
ing transurethral resection for symptoms of severe urinary retention
[57]. Biopsy-proven IgG4-related prostatitis presenting as a prostate
mass has also been reported [19]. Painless breast masses confirmed to
be IgG4-related mastitis have been reported in 5 cases and are consis-
tent with the concept that IgG4-RD has a tendency to form tumefactive
lesions [47,58]. Testicular involvement can occur as a scrotal mass
(paratesticular pseudotumor) or epididymo-orchitis [44,59].

3.14. Allergy and ENT involvement

Allergic processes or an atopic background has been reported in 44/
261 (17%) systemic patients (Table 1). No homogeneous definition was
used across the studies, but themajority included pulmonary (asthma),
cutaneous (dermatititis, drug reactions, urticaria), ocular (conjunctivi-
tis), or ENT (rhinitis, sinusitis) [60] involvement. It is likely that allergic
manifestations of IgG4-RD are underestimated because of the failure of
many clinicians to recognize that longstanding symptoms of atopymay
be linked to IgG4-RD. Della Torre et al. [60] have suggested that the sub-
set of patients with a history of atopy may have an abnormal Th2 re-
sponse with an increased number of circulating memory cells.

ENT involvement has been recently included in the clinical spectrum
of IgG4-RD. Two studies have analyzed nasal involvement specifically
[61,62]. The main nasal symptoms reported were nasal crusting (n =
10), rhinorrhea (n = 9), postnasal drip (n = 8), nasal polyposis (n =
7), nasal obstruction (n = 3) and anosmia (n = 1). Rhinitis (often in
an allergic/atopic context) and sinusitis are overwhelmingly the main
ENT diagnosis. Nasal biopsy has been suggested as a safe and useful di-
agnostic tool. Other infrequent ENTmanifestations include hearing loss,
mastoiditis, otitis media, and laryneal involvement (supraglottic nod-
ules) [63].

3.15. Skin involvement

Specific IgG4-related involvement of the skin has been reported in 4/
488 (1%) patients with systemic presentations (Table 1). The two main
types of cutaneous lesions are erythematous plaques and subcutaneous
nodules [64], although other lesions such as brown papules similar to
prurigo nodularis and toe nodules have been reported. Most reports of
cutaneous lesions thus far describe findings on the skin of the head re-
gion, including periauricular, eyelid, cheek, temporal and mandible lo-
cations. Other locations (forearm, abdomen, chest, waist) have been
reported in isolated cases.

3.16. Gastrointestinal involvement

Recent studies have reported isolated cases of digestive tract in-
volvement, including esophagitis, gastric involvement (pseudotumor,
focal masses, nodular lesions, gastric ulcers or gastritis), pseudotumor
of the major duodenal papilla, nodular lesions of the ileum, and colonic
involvement (pseudotumor, colonic polyposis, nodular lesions of sig-
moid colon or cecum) [65]. Inflammatory pseudotumors of the liver
mimicking a primary malignant hepatic tumor have been reported in
43 cases. Splenic involvement has been reported once to date (Table 2).

3.17. Miscellaneous organ manifestations

Joints and bones appear to be affective by IgG4-RD extremely rarely.
The most frequent finding is remodeling of bones (erosion or sclerosis)
adjacent to the lesions without signs of destruction. Destructive bone
involvement has been reported in isolated cases, affecting the bones of
the orbit, or the temporal, maxillary, or mastoid bones. Arthralgias
have also been reported. Pericardial involvement (pericardial
pseudotumor or constrictive pericarditis) has been reported in iso-
lated cases. Isolated cases of peripheral neuropathy have been
reported (sensory-motor polyneuropathy, POEMS and multiplex
mononeuritis).

4. Conclusions

IgG4-RD is an increasingly-recognized condition in adults, with a
heterogeneous clinical presentation affecting awide range of organ sys-
tems. This review shows that clinical studies have a low level of evi-
dence, especially with respect to the lack of a homogeneous diagnostic
approach. The body of evidence relies predominantly on series includ-
ing a range of 10–50 patients in 80% of selected studies. Although a
long list of features involving the majority of organs and systems has
been reported in the last decade, few studies have attempted to charac-
terize the systemic presentation of IgG4-RD in large series of patients.
Moreover, the studies that have done so found differing results, which
may be due to the small number of patients analyzed, the different
sets of classification criteria used and, especially, the lack of a standard-
ized definition of IgG4-RD involvement in most organs. The main
sources of bias we found were the heterogeneous definitions of each
organ involvement (or even a lack of definition in some studies) and
the heterogeneous diagnostic approach used (clinical, radiological or
histopathological).

This review found that the prevalence of specific organ involvement
varied widely between studies, and was principally influenced by the
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nature of patient collection (unselected or selected by organ) (Table 1).
Nearly 40 organs have been reported to be involved by IgG4-RD
(Table 2), but the most closely studied organs to date are the pancreas
(the organ in which IgG4-RD was first identified), the salivary/lacrimal
glands and the liver and biliary tree [66–69] (Fig. 2). There remain few
data about the symptoms leading to suspicion of the disease. The di-
agnostic approach to specific organ system involvement has not
been detailed in the majority of studies. Greater understanding of
the etiopathogenesis of IgG4-RD and active multidisciplinary collab-
oration promoting international multicenter registries and clinical
guidelines may help improve the knowledge of systemic involve-
ment of this emerging immune-mediated systemic disease.

Take-home messages

• IgG4-related disease is a systemic immune-mediated disease de-
scribed in the 21st century

• The disease is characterized by the infiltration of IgG4-bearing
plasma cells and raised IgG4 levels

• The cardinal clinical feature of IgG4-RD is single or multiple organ
swelling

• Nearly 75% of cases have been reported in Japan
• More than 40 different organs have been reported to be involved
in IgG4-RD

• The organs more frequently involved are the pancreas, salivary/
lacrimal glands, biliary tree, kidneys, thyroid gland, lungs, and
aorta.

References

[1] Stone JH, Zen Y, Deshpande V. IgG4-RD. N Engl J Med Feb 9 2012;366(6):539–51.
[2] Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Akamatsu T, et al. High serum

IgG4 concentrations in patients with sclerosing pancreatitis. N Engl J Med Mar 8
2001;344(10):732–8.

[3] Kamisawa T, Funata N, Hayashi Y, Eishi Y, Koike M, Tsuruta K, et al. A new clinico-
pathological entity of IgG4-related autoimmune disease. J Gastroenterol 2003;
38(10):982–4.

[4] Stone JH, Khosroshahi A, Deshpande V, Chan JK, Heathcote JG, Aalberse R, et al. Rec-
ommendations for the nomenclature of IgG4-RD and its individual organ system
manifestations. Arthritis Rheum Oct 2012;64(10):3061–7.
[5] Mahajan VS, Mattoo H, Deshpande V, Pillai SS, Stone JH. IgG4-RD. Annu Rev Pathol
2014;9:315–47.

[6] Stone JH. IgG4-RD: nomenclature, clinical features, and treatment. Semin Diagn
Pathol Nov 2012;29(4):177–90.

[7] Deshpande V, Zen Y, Chan JK, Yi EE, Sato Y, Yoshino T, et al. Consensus statement on
the pathology of IgG4-RD. Mod Pathol Sep 2012;25(9):1181–92.

[8] Uchida K, Masamune A, Shimosegawa T, Okazaki K. Prevalence of IgG4-RD in Japan
based on nationwide survey in 2009. Int J Rheumatol 2012;2012:358371.

[9] Nakazawa T, Naitoh I, Hayashi K, Okumura F, Miyabe K, Yoshida M, et al. Diagnostic
criteria for IgG4-related sclerosing cholangitis based on cholangiographic classifica-
tion. J Gastroenterol Jan 2012;47(1):79–87.

[10] Ghazale A, Chari ST, Zhang L, Smyrk TC, Takahashi N, Levy MJ, et al. Immunoglobulin
G4-associated cholangitis: clinical profile and response to therapy. Gastroenterology
Mar 2008;134(3):706–15.

[11] Takahashi H, Yamamoto M, Tabeya T, Suzuki C, Naishiro Y, Shinomura Y, et al. The
immunobiology and clinical characteristics of IgG4 related diseases. J Autoimmun
Aug 2012;39(1–2):93–6.

[12] Kamisawa T, Nakajima H, Egawa N, Funata N, Tsuruta K, Okamoto A. IgG4-
related sclerosing disease incorporating sclerosing pancreatitis, cholangitis,
sialadenitis and retroperitoneal fibrosis with lymphadenopathy. Pancreatology
2006;6(1–2):132–7.

[13] Takuma K, Kamisawa T, Anjiki H, Egawa N, Igarashi Y. Metachronous extrapancreatic
lesions in autoimmune pancreatitis. Intern Med 2010;49(6):529–33.

[14] Triantopoulou C, Malachias G, Maniatis P, Anastopoulos J, Siafas I, Papailiou J.
Renal lesions associated with autoimmune pancreatitis: CT findings. Acta
Radiol Jul 2010;51(6):702–7.

[15] Matsubayashi H, Sawai H, Kimura H, Yamaguchi Y, Tanaka M, Kakushima N, et al.
Characteristics of autoimmune pancreatitis based on serum IgG4 level. Dig Liver
Dis Sep 2011;43(9):731–5.

[16] Hart PA, Kamisawa T, BruggeWR, Chung JB, Culver EL, Czakó L, et al. Long-term out-
comes of autoimmune pancreatitis: a multicentre, international analysis. Gut Dec
2013;62(12):1771–6.

[17] Kuruma S, Kamisawa T, Tabata T, Hara S, Fujiwara T, Kuwata G, et al. Clinical
characteristics of patients with autoimmune pancreatitis with or without Mikulicz's
disease and Mikulicz's disease alone. Gut Liver Jan 2013;7(1):96–9.

[18] Patel H, Khalili K, Kyoung KT, Yazdi L, Lee E, May G, et al. IgG4 related disease — a
retrospective descriptive study highlighting Canadian experiences in diagnosis and
management. BMC Gastroenterol Dec 9 2013;13:168.

[19] Oh HC, Kim MH, Lee KT, Lee JK, Moon SH, Song TJ, et al. Clinical clues to suspi-
cion of IgG4-associated sclerosing cholangitis disguised as primary sclerosing
cholangitis or hilar cholangiocarcinoma. J Gastroenterol Hepatol Dec 2010;
25(12):1831–7.

[20] Boonstra K, Weersma RK, van Erpecum KJ, Rauws EA, Spanier BW, Poen AC, et al.
Population-based epidemiology, malignancy risk, and outcome of primary
sclerosing cholangitis. Hepatology Dec 2013;58(6):2045–55.

[21] Ohara H, Nakazawa T, Kawa S, Kamisawa T, Shimosegawa T, Uchida K, et al. Estab-
lishment of a serum IgG4 cut-off value for the differential diagnosis of IgG4-
related sclerosing cholangitis: a Japanese cohort. J Gastroenterol Hepatol Jul
2013;28(7):1247–51.

http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0005
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0010
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0010
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0010
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0015
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0015
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0015
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0020
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0020
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0020
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0025
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0025
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0030
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0030
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0035
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0035
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0040
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0040
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0045
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0045
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0045
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0050
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0050
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0050
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0055
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0055
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0055
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0060
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0060
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0060
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0060
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0065
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0065
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0070
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0070
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0070
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0075
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0075
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0075
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0080
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0080
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0080
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0085
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0085
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0085
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0090
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0090
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0090
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0095
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0095
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0095
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0095
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0100
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0100
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0100
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0105
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0105
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0105
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0105
image of Fig.�2


1210 P. Brito-Zerón et al. / Autoimmunity Reviews 13 (2014) 1203–1210
[22] Tanaka A, Tazuma S, Okazaki K, Tsubouchi H, Inui K, Takikawa H. Nationwide survey
for primary sclerosing cholangitis and IgG4-related sclerosing cholangitis in Japan. J
Hepatobiliary Pancreat Sci Jan 2014;21(1):43–50.

[23] You MW, Kim JH, Byun JH, Kim HJ, Lee SS, Kim MH, et al. Relapse of IgG4-related
sclerosing cholangitis after steroid therapy: image findings and risk factors. Eur
Radiol Feb 28 2014;24(5):1039–48.

[24] Kitagawa S, Zen Y, Harada K, Sasaki M, Sato Y, Minato H, et al. Abundant IgG4-
positive plasma cell infiltration characterizes chronic sclerosing sialadenitis
(Küttner's tumor). Am J Surg Pathol Jun 2005;29(6):783–91.

[25] Geyer JT, Ferry JA, Harris NL, Stone JH, Zukerberg LR, Lauwers GY, et al. Chronic scle-
rosing sialadenitis (Küttner tumor) is an IgG4-associated disease. Am J Surg Pathol
Feb 2010;34(2):202–10.

[26] 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) Apr 2013;52(4):679–83.

[27] Ohta N, Kurakami K, Ishida A, Furukawa T, Saito F, Kakehata S, et al. Clinical and
pathological characteristics of IgG4-related sclerosing sialadenitis. Laryngoscope
Mar 2012;122(3):572–7.

[28] Asai S, Okami K, Nakamura N, Shiraishi S, Sugimoto R, Anar D, et al. Localized or dif-
fuse lesions of the submandibular glands in immunoglobulin g4-related disease in
association with differential organ involvement. J Ultrasound Med May 2013;
32(5):731–6.

[29] Moriyama M, Tanaka A, Maehara T, Ohyama Y, Shimizu M, Nakashima H, et al. Clin-
ical characteristics of Mikulicz's disease as an IgG4-related disease. Clin Oral Investig
Dec 2013;17(9):1995–2002.

[30] Takano K, Keira Y, Seki N, Abe A, Yamamoto M, Takahashi H, et al. Evaluation of sub-
mandibular versus labial salivary gland fibrosis in IgG4-related disease. Mod
Rheumatol Nov 11 2013 [in press].

[31] Sato Y, Ohshima K, Ichimura K, Sato M, Yamadori I, Tanaka T, et al. Ocular adnexal
IgG4-related disease has uniform clinicopathology. Pathol Int Aug 2008;58(8):
465–70.

[32] Kubota T, Moritani S, Katayama M, Terasaki H. Ocular adnexal IgG4-related
lymphoplasmacytic infiltrative disorder. Arch Ophthalmol May 2010;128(5):
577–84.

[33] Go H, Kim JE, Kim YA, Chung HK, Khwarg SI, Kim CW, et al. Ocular adnexal IgG4-
related disease: comparative analysis with mucosa-associated lymphoid tissue lym-
phoma and other chronic inflammatory conditions. Histopathology 2012;60(2):
296–312.

[34] Song YS, Choung HK, Park SW, Kim JH, Khwarg SI, Jeon YK. Ocular adnexal IgG4-
related disease: CT and MRI findings. Br J Ophthalmol Apr 2013;97(4):412–8.

[35] Koizumi S, Kamisawa T, Kuruma S, Tabata T, Iwasaki S, Chiba K, et al. Clinical features
of IgG4-related dacryoadenitis. Graefes Arch Clin Exp Ophthalmol Mar 2014;252(3):
491–7.

[36] Sogabe Y, Ohshima K, Azumi A, Takahira M, Kase S, Tsuji H, et al. Location and fre-
quency of lesions in patients with IgG4-related ophthalmic diseases. Graefes Arch
Clin Exp Ophthalmol Mar 2014;252(3):531–8.

[37] Wallace ZS, Deshpande V, Stone JH. Ophthalmic manifestations of IgG4-related dis-
ease: single-center experience and literature review. Semin Arthritis Rheum 2014;
43(6):806–17.

[38] Inoue D, Zen Y, Abo H, Gabata T, Demachi H, Kobayashi T, et al. Immunoglobulin G4-
related lung disease: CT findings with pathologic correlations. Radiology Apr 2009;
251(1):260–70.

[39] Matsui S, Hebisawa A, Sakai F, Yamamoto H, Terasaki Y, Kurihara Y, et al. Immuno-
globulin G4-related lung disease: clinicoradiological and pathological features.
Respirology Apr 2013;18(3):480–7.

[40] Zen Y, Nakanuma Y. IgG4-related disease: a cross-sectional study of 114 cases. Am J
Surg Pathol Dec 2010;34(12):1812–9.

[41] Ebbo M, Daniel L, Pavic M, Sève P, HamidouM, Andres E, et al. IgG4-related systemic
disease: features and treatment response in a French cohort: results of a multicenter
registry. Medicine (Baltimore) Jan 2012;91(1):49–56.

[42] Toyoda K, Oba H, Kutomi K, Furui S, Oohara A, Mori H, et al. MR imaging of IgG4-
related disease in the head and neck and brain. AJNR Am J Neuroradiol Dec 2012;
33(11):2136–9.

[43] Chen H, LinW, Wang Q,Wu Q, Wang L, Fei Y, et al. IgG4-related disease in a Chinese
cohort: a prospective study. Scand J Rheumatol 2014;43(1):70–4.

[44] Raissian Y, Nasr SH, Larsen CP, Colvin RB, Smyrk TC, Takahashi N, et al. Diagnosis of
IgG4-related tubulointerstitial nephritis. J Am Soc Nephrol Jul 2011;22(7):1343–52.

[45] Yamaguchi Y, Kanetsuna Y, Honda K, Yamanaka N, KawanoM, NagataM, et al. Char-
acteristic tubulointerstitial nephritis in IgG4-related disease. Hum Pathol Apr 2012;
43(4):536–49.
[46] Yoshita K, Kawano M, Mizushima I, Hara S, Ito Y, Imai N, et al. Light-microscopic
characteristics of IgG4-related tubulointerstitial nephritis: distinction from non-
IgG4-related tubulointerstitial nephritis. Nephrol Dial Transplant Jul 2012;27(7):
2755–61.

[47] Saeki T, Kawano M, Mizushima I, Yamamoto M, Wada Y, Nakashima H, et al. The
clinical course of patients with IgG4-related kidney disease. Kidney Int Oct 2013;
84(4):826–33.

[48] Khosroshahi A, Carruthers MN, Stone JH, Shinagare S, Sainani N, Hasserjian RP, et al.
Rethinking Ormond's disease: “idiopathic” retroperitoneal fibrosis in the era of IgG4-
related disease. Medicine (Baltimore) Mar 2013;92(2):82–91.

[49] Crumley S, Ge Y, Zhou H, Shen SS, Ro JY. Interstitial cystitis: another IgG4-related in-
flammatory disease? Ann Diagn Pathol Oct 2013;17(5):403–7.

[50] Grimm KE, Barry TS, Chizhevsky V, Hii A, Weiss LM, Siddiqi IN, et al. Histopatholog-
ical findings in 29 lymph node biopsies with increased IgG4 plasma cells. Mod
Pathol Mar 2012;25(3):480–91.

[51] Sato Y, Inoue D, Asano N, Takata K, Asaoku H, Maeda Y, et al. Association between
IgG4-related disease and progressively transformed germinal centers of lymph
nodes. Mod Pathol Jul 2012;25(7):956–67.

[52] Uehara T, Masumoto J, Yoshizawa A, Kobayashi Y, Hamano H, Kawa S, et al. IgG4-
related disease-like fibrosis as an indicator of IgG4-related lymphadenopathy. Ann
Diagn Pathol Oct 2013;17(5):416–20.

[53] Lu LX, Della-Torre E, Stone JH, Clark SW. IgG4-related hypertrophic
pachymeningitis: clinical features, diagnostic criteria, and treatment. JAMA Neurol
Apr 14 2014. http://dx.doi.org/10.1001/jamaneurol.2014.243 [Epub ahead of print,
PubMed PMID: 24733677].

[54] Li Y, Nishihara E, Hirokawa M, Taniguchi E, Miyauchi A, Kakudo K. Distinct clinical,
serological, and sonographic characteristics of Hashimoto's thyroiditis based with
and without IgG4-positive plasma cells. J Clin Endocrinol Metab Mar 2010;95(3):
1309–17.

[55] Watanabe T, MaruyamaM, Ito T, Fujinaga Y, Ozaki Y, MaruyamaM, et al. Clinical fea-
tures of a new disease concept, IgG4-related thyroiditis. Scand J Rheumatol 2013;
42(4):325–30.

[56] Bando H, Iguchi G, Fukuoka H, Taniguchi M, Yamamoto M, Matsumoto R, et al. The
prevalence of IgG4-related hypophysitis in 170 consecutive patients with hypopitu-
itarism and/or central diabetes insipidus and review of the literature. Eur J
Endocrinol Dec 21 2013;170(2):161–72.

[57] Buijs J, Maillette de BuyWenniger L, van Leenders G, Verheij J, van Onna I, Hansen B,
et al. Immunoglobulin G4-related prostatitis: a case–control study focusing on clin-
ical and pathologic characteristics. Urology Mar 2014;83(3):521–6.

[58] Cheuk W, Chan AC, LamWL, Chow SM, Crowley P, Lloydd R, et al. IgG4-related scle-
rosing mastitis: description of a new member of the IgG4-related sclerosing dis-
eases. Am J Surg Pathol Jul 2009;33(7):1058–64.

[59] Bösmüller H, vonWeyhern CH, Adam P, Alibegovic V, Mikuz G, Fend F. Paratesticular
fibrous pseudotumor—an IgG4-related disorder? Virchows Arch Jan 2011;458(1):
109–13.

[60] Della Torre E, Mattoo H, Mahajan VS, Carruthers M, Pillai S, Stone JH. Prevalence of
atopy, eosinophilia, and IgE elevation in IgG4-related disease. Allergy Feb 2014;
69(2):269–72.

[61] Moteki H, Yasuo M, Hamano H, Uehara T, Usami S. IgG4-related chronic
rhinosinusitis: a new clinical entity of nasal disease. Acta Otolaryngol May 2011;
131(5):518–26.

[62] Suzuki M, Nakamaru Y, Akazawa S, Mizumachi T, Maeda M, Takagi D, et al. Nasal
manifestations of immunoglobulin G4-related disease. Laryngoscope Apr 2013;
123(4):829–34.

[63] Takagi D, Nakamaru Y, Fukuda S. Otologic manifestations of immunoglobulin G4-
related disease. Ann Otol Rhinol Laryngol Mar 28 2014;123(6):420–4.

[64] Sato Y, Takeuchi M, Takata K, Ohno K, Iwaki N, Orita Y, et al. Clinicopathologic
analysis of IgG4-related skin disease. Mod Pathol Apr 2013;26(4):523–32.

[65] Koizumi S, Kamisawa T, Kuruma S, Tabata T, Chiba K, Iwasaki S, et al. Immunoglob-
ulin G4-related gastrointestinal diseases, are they immunoglobulin G4-related
diseases? World J Gastroenterol Sep 21 2013;19(35):5769–74.

[66] Okazaki K, Tomiyama T, Mitsuyama T, Sumimoto K, Uchida K. Diagnosis and classi-
fication of autoimmune pancreatitis. Autoimmun Rev Apr–May 2014;13(4–5):
451–8.

[67] Carruthers MD, Stone JH*, Khosroshahi A. The latest on IgG4-RD: A rapidly emerging
disease. Curr Opin Rheumatol 2012;24:60–9.

[68] Yimam KK, Bowlus CL. Diagnosis and classification of primary sclerosing cholangitis.
Autoimmun Rev Apr–May 2014;13(4–5):445–50.

[69] Liberal R, Grant CR, Longhi MS, Mieli-Vergani G, Vergani D. Diagnostic criteria of
autoimmune hepatitis. Autoimmun Rev Apr–May 2014;13(4–5):435–40.

http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0110
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0110
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0110
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0115
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0115
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0115
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0120
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0120
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0120
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0125
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0125
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0125
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0130
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0130
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0130
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0135
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0135
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0135
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0140
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0140
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0140
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0140
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0145
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0145
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0145
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0150
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0150
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0150
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0155
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0155
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0155
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0160
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0160
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0160
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0165
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0165
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0165
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0165
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0170
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0170
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0175
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0175
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0175
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0180
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0180
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0180
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0185
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0185
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0185
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0190
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0190
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0190
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0195
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0195
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0195
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0200
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0200
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0205
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0205
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0205
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0210
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0210
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0210
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0215
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0215
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0220
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0220
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0225
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0225
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0225
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0230
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0230
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0230
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0230
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0235
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0235
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0235
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0240
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0240
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0240
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0245
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0245
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0250
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0250
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0250
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0255
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0255
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0255
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0260
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0260
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0260
http://dx.doi.org/10.1001/jamaneurol.2014.243
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0270
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0270
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0270
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0270
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0275
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0275
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0275
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0280
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0280
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0280
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0280
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0285
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0285
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0285
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0290
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0290
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0290
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0295
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0295
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0295
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0300
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0300
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0300
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0305
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0305
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0305
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0310
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0310
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0310
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0315
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0315
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0320
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0320
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0325
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0325
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0325
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0330
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0330
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0330
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0335
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0335
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0340
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0340
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0345
http://refhub.elsevier.com/S1568-9972(14)00157-8/rf0345

	The clinical spectrum of IgG4-�related disease
	1. Historical overview and definition
	2. Geoepidemiology of IgG4-RD
	3. Clinical spectrum of IgG4-RD: organ-by-organ characterization
	3.1. Pancreas
	3.2. Biliary tree and gallbladder
	3.3. Major salivary glands
	3.4. Ophthalmic involvement
	3.5. Lungs, pleura and mediastinum
	3.6. Kidneys
	3.7. Retroperitoneum, mesentery, and urinary tract
	3.8. Lymph nodes
	3.9. Vascular involvement: aorta and periarterial lesions
	3.10. Neurological involvement: meninges and cranial nerves
	3.11. Thyroid
	3.12. Hypophysis
	3.13. Prostate, breast, and testes
	3.14. Allergy and ENT involvement
	3.15. Skin involvement
	3.16. Gastrointestinal involvement
	3.17. Miscellaneous organ manifestations

	4. Conclusions
	Take-home messages
	References


