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Immunoglobulin G4-related disease (IgG4-
RD) is a group of immune-mediated diseases 
with common clinical, serological, and 
pathological features.1 This group is gaining 

increasing recognition in the field of medicine. 
Common features of IgG-RD include multiple 
organ involvements (which have swellings resembling 
tumors), fibrosis, tissue infiltrates (which are positive 
for IgG4 positive plasma cells), and a classical 
pathological form of storiform lesions. Previously 
these features, singularly or collectively, were believed 
to be distinct entities not related to IgG4-RDs.2–4

IgG4-RD often has multiple organ involvements. 
Classical manifestations include:
 ■ Autoimmune pancreatitis (AIP) type 1.
 ■ Involvement of the major salivary glands. 

The common lesions being enlargement or 
inflammation (sclerosing sialadenitis-formerly 
termed Mikulicz disease and Küttner’s tumor).

 ■ Proptosis, which occurs mainly due to 
the involvement of the orbital or lacrimal 
gland. Orbital pseudotumor is an important 
differentiating pathology.

 ■ Retroperitoneal fibrosis, frequently occurring as 
chronic periaortitis.
Three classical features of IgG4-RD include 

swellings or masses that resemble or have a predilection 

to form tumors, an IgG4 rich collection of plasma 
cells in the inflammatory infiltrate and elevated 
 serum IgG4 levels. Such swellings or masses can press 
on nerves or blood vessels producing focal vascular and 
or neurological deficits. Common clinical conditions 
associated with IgG4-RD include dacryoadenitis, 
myositis, inflammatory orbital disorders, orbital 
pseudotumor, hypophysitis, meningitis, and the 
involvement of one or more cranial nerves.1

Other systemic and ocular disorders that 
resemble IgG4-RD include inflammatory diseases 
and vasculitis such as sarcoidosis, granulomatosis 
with polyangiitis, giant cell arteritis, Behcet’s disease, 
thyroid eye disease, inflammatory histiocytosis, or 
rheumatoid arthritis; neoplastic diseases such as 
lymphoma, inflammatory myofibroblastic tumor, 
neoplastic histiocytosis, meningioma, or metastasis; 
and infectious diseases such as tuberculosis. Also 
included are conditions in the inflammatory 
pseudotumor category, which are currently 
considered idiopathic. 

The exact incidence of IgG4-RD is unknown. 
Wallace et al,2 retrospectively examined 14 cases of 
pachymeningitis at their institution over 25 years 
and found that IgG4-RD accounted for four of those 
cases or 66% of previously labeled idiopathic cases. 

Therefore, cases previously labeled as idiopathic 
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A B S T R AC T
Immunoglobulin G4-related disease (IgG4-RD) is an increasingly recognized immune-
mediated condition comprised of a collection of disorders that share specific pathological, 
serological, and clinical features. IgG4-RD is a fibroinflammatory condition with a 
tendency to form tumors with inflammatory infiltrate with IgG4 rich plasma cells and 
elevation of serum IgG4, which may affect virtually every organ and tissue. IgG4-related 
ophthalmic disease may present as dacryoadenitis, myositis, or involvement of other 
orbital tissue. Hypophysitis or pachymeningitis may manifest as cranial neuropathies. 
The diagnosis of IgG4-RD is based on a typical clinical scenario, supportive laboratory 
test, expected radiological characteristics, and distinct histopathological and 
immunohistochemical features. Corticosteroids and immunosuppressives form the 
mainline treatment.
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inflammatory pseudotumor, should be re-examined 
for IgG4-RD (if the pathological sample is still 
available) or a repeat biopsy conducted.

Pathophysiology
The exact pathophysiology of IgG4-RD is not yet 
clear. Many patients suffer from allergic or atopic 
conditions thereby suggesting a modified T-helper 
cell type 2 response. An underlying autoimmune 
mechanism most likely drives IgG4-RD, but no 
precipitating factors have yet been identified. There 
is a higher risk for IgG4-RD in certain genotypes and 
there is immune complex deposition and increase 
in regulatory CD25 T-cells. However, molecular 
mimicry by causing an autoimmune reaction to 
a foreign antigen may be important. Escherichia 
coli and Helicobacter pylori have been implicated 
as possible candidates for such mechanism in AIP. 
Production of inflammatory tissue T-cell cytokines 
by mast cells suggest their role in pathogenesis.4 IgG 
is a large structure consisting of four subgroups.  
IgG4 comprises only 6% or less of that. Both IgG3 
and IgG4 can cause bacterial opsonization, but 
IgG4 differs from IgG3 in that it cannot activate  
the complement.

Epidemiology
Middle-aged males have more predilections for 
overall IgG4-RD. However, the gender ratio has 
been found to be almost equal to IgG4-related 
inflammatory disorders of the salivary glands 
(sialadenitis) and ophthalmic diseases.3,5

Organ manifestations
With the recognition of IgG4-RD as an important 
and separate entity, the nomenclature for many 
mainly inflammatory systemic and ocular diseases 
has changed [Table 1].

Single or multiple organs can be involved in 
IgG4-RD. The presentation is usually subacute with 
the development of a localized mass or nodule as in 
the orbit, kidney, and lungs or diffuse enlargement 
of an organ such as the pancreas.1,6–8 Takeuchi et al,4 
and Sah et al,9 reported multiple organ involvements 
in 60–90% of patients with IgG4-related disorders. 
For a clinician, the clinical, histopathological, and 
laboratory (serum-related) similarities between 
IgG4-RD and sarcoidosis may be challenging. Sato 
et al,7 reported that 40% of patients with IgG4-
RD have lymphadenopathy and asthma or allergy-

related symptoms, however, early in the course, 
they may be asymptomatic. Those with multiorgan 
disease often lose weight over months before they are 
correctly diagnosed. IgG4-RD is often recognized 
incidentally after an abnormal finding on imaging 
or histopathology examination of a tissue specimen. 
Hamano et al,10 observed that in patients with AIP, 
extrapancreatic involvement might be common and 
varied; these include hilar lymphadenopathy (80%), 
extrapancreatic bile duct lesions (74%), lacrimal and 
salivary gland lesions (39%), hypothyroidism (22%), 
and retroperitoneal fibrosis (13%).

Orbital IgG4-related disorders are common in 
adults and have three classical features:
 ■ The ocular adnexal tissues show typical 

lymphoplasmacytic infiltrations, which are IgG4-
positive.

 ■ elevated serum IgG4 and Ige levels.
 ■ Hypergammaglobulinemia.

Two entities that need to be differentiated 
from orbital IgG4-RD include idiopathic orbital 
inflammation and marginal zone B-cell lymphoma of 
orbital adnexal tissues because the treatment profiles 
of the diseases are different. Usually patients with 
orbital IgG4-RD present with chronic symptoms 
like lid swelling, proptosis usually mild or no signs of 
inflammation or periocular pain. Ocular motility is 

Table 1: IgG4-RD newly laid nomenclature.

Old New

Mikulicz’s disease IgG4-related 
dacryoadenitis and 

sialadenitis

Sclerosing sialadenitis Küttner’s tumor, IgG4-
related submandibular 

gland disease

Inflammatory orbital 
pseudotumor

IgG4-related orbital 
inflammation or 

orbital inflammatory 
pseudotumor

Chronic sclerosing 
dacryoadenitis

lacrimal gland 
enlargement, IgG4-

related dacryoadenitis

‘Idiopathic’ retroperitoneal 
fibrosis (Ormond’s disease) and 
related disorders

IgG4-related 
retroperitoneal fibrosis, 

IgG4-related mesenteritis

Chronic sclerosing aortitis and 
periaortitis

IgG4-related aortitis or 
periaortitis

Riedel’s thyroiditis IgG4-related thyroid 
disease

IgG4-related interstitial 
pneumonitis and pulmonary 
inflammatory pseudotumors

IgG4-related lung disease

IgG4-RD: immunoglobulin G4-related disease.
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restricted mildly if at all despite the presence of one or 
more enlargements of the large extraocular muscles.11 
There are generally no visual disturbances although 
they may occur due to apical orbital lesions. Imaging 
studies show infiltrative lesions in ocular adnexal 
tissues such as the lacrimal glands,12–14 extraocular 
muscles,11,12 infraorbital nerves,12 optic nerve 
sheath,12 lacrimal sac,12 and even cavernous sinus or 
the intracranial extension.12 Plaza et al,12 studied a 
series of patients with orbital IgG4 disorders and 
found bilateral orbital lesions in 62% of cases, and 
bilateral lacrimal gland involvement in 48% of cases. 
It is important to differentiate idiopathic orbital 
inflammations and idiopathic orbital myositis from 
orbital IgG4-RD. The former two have unknown 
etiology and are associated with acute onset of 
signs and symptoms of orbital inflammation like 
periocular pain, swelling and redness of the eyelids, 
proptosis, ptosis, and ocular motility restrictions.15 
These differ from the signs and symptoms of orbital 
IgG4-RD, which has a chronic course. However, 
some cases of idiopathic orbital inflammation may 
have an atypical presentation without acute onset 
and minimal signs of inflammation.

The histological features of ocular adnexal 
marginal zone B-cell lymphomas resemble those 
of orbital IgG4-RD. Nine percent of patients with 
ocular adnexal marginal zone B-cell lymphomas 
have infiltration of IgG4-positive plasma cells and 
elevated IgG4 serum levels.16,17 However, the two 
entities can be differentiated by southern blot 
analysis, which shows light-chain restrictions by 
hybridization and immunoglobulin heavy chain gene 
rearrangements. Bijlsma et al,18 indicated a possible 
link between ocular adnexal lymphomas and IgG4-
related sclerosing dacryoadenitis. However, the 
causal relationship between lymphomas and IgG4-
RD remains unclear.

Antineutrophil cytoplasmic antibody (ANCA)-
related vasculitis often infiltrates in ocular 
adnexal lesions. ANCA-related vasculitis includes 
nonspecific inflammatory lesions, and may also 
have abundant IgG4-positive plasma cells.19 Orbital 
IgG4-RD differs from other IgG4-RD in the body 
in that it arises from non-glandular lesions and is not 
associated histologically with obliterative phlebitis.

Salivary and lacrimal gland involvement 
The common presentation is swelling due to 
enlargement of lacrimal and salivary glands, 

most frequent being parotid and submandibular 
glands. The most common clinical diagnosis is 
chronic sclerosing sialadenitis.20,21 These clinical 
conditions were previously wrongly labeled as 
subcategories of sclerosing sialadenitis.22 Plaza 
et al,12 reported that nearly 40% of patients with 
IgG4-related pancreatitis also have concomitant 
salivary or lacrimal gland involvement. They also 
reported a 17% incidence of AIP in patients with 
sialadenitis.12 It has been observed sialadenitis often 
precedes AIP. The histopathological features in 
IgG4-related sialadenitis and dacryoadenitis include 
lymphoplasmacytic infiltrate, IgG4-positive cells, 
obliterative phlebitis, and fibrosis.23 Raised serum 
Ige levels are also found along with elevated IgG4. 
Such histopathologic and laboratory findings help 
to distinguish between IgG4-related sialadenitis and 
sclerosing sialadenitis.

Masaki et al,21 laid down four-point characteristic 
clinical features of IgG4-related sialadenitis, which 
help in differentiating this disease from sclerosing 
sialadenitis. These include:
 ■ Mild dryness of mouth and eyes despite the marked 

involvement of salivary and lacrimal glands.
 ■ Allergic rhinitis and bronchial asthma.
 ■ IgG4-related autoimmune pancreatitis and 

interstitial nephritis (which occur in high 
frequency).

 ■ Presence of autoantibodies like rheumatoid factor, 
antinuclear antibodies, anti-Sjögren's syndrome A 
and anti-Sjögren's syndrome B (which occur in 
low frequency).
Orbital pseudotumors may account for 25–50% 

of IgG4-RD group.24 lately, idiopathic orbital 
myositis has also been recognized as an IgG4- 
related entity.25

IgG4-related disorders affecting other body 
organs
Multiple organ involvements in IgG4-RD is so 
varied, it resembles mimickers like sarcoidosis. 
There is a long list of tissues and organs involved in 
IgG4-RD and laying clinical and laboratory details 
of each one of them is beyond the parameters of this 
review. However, supporting references would help 
the reader in getting full details, bearing in mind 
that many such reports in the literature are based on 
single case reports or small case series. Some of the 
common and listed tissues and organs that can be 
afflicted with IgG4-RD are:
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 ■ lymph nodes (IgG4-related lymphadenopathy), 
which is very common in AIP (80%).12

 ■ Retroperitoneum (retroperitoneal fibrosis).26

 ■ Mesenteries (sclerosing mesenteritis).27

 ■ Mediastinum (sclerosing mediastinitis).27

 ■ Aorta and periaortic tissue (aortitis – periaortitis).28

 ■ Thyroid gland (IgG4-related thyroid disease, 
formerly called Reidel’s thyroiditis) and variant of 
fibrous Hashimoto’s thyroiditis.29

 ■ lungs and pleura (IgG4-related pulmonary 
disease).30,31

 ■ Kidneys: Most common diagnosis is IgG4-related 
tubulointerstitial fibrosis.32,33

 ■ Skin: lesions are common in head and 
neck area. Common diagnosis is cutaneous 
pseudolymphoma.34,35

 ■ liver (IgG4-related hepatopathy). It resembles 
autoimmune hepatitis and inflammatory hepatic 
pseudotumor.36,37

 ■ Stomach and pancreas  (Ig G4-relate d 
lymphoplasmacytic gastritis and IgG4-related 
autoimmune pancreatitis, respectively).38

 ■ Breast (sclerosing mastitis and inflammatory 
pseudotumors of the breast).39,40

 ■ Pituitary gland (IgG4-related hypophysitis).41,42

 ■ Meninges (IgG4-related pachymeningitis).43,44

 ■ Prostate (IgG4-related prostatitis).45

 ■ Pericardium (Ig G4-related constrictive 
pericarditis).46,47

 ■ Nasopharynx.48,49

 ■ Thoracic midline-destructive lesion.50

Diagnosis
The clinical diagnosis of IgG4-RD is supported by 
laboratory investigations, imaging, histopathology, 
and immunohistochemistry. elevated total IgG and 
IgG4 serum levels are the hallmarks of IgG4-RD. 
However, serum concentrations of IgG4 alone are 
not the diagnostic marker. Frulloni et al,51 reported 
that 20–40% of patients with biopsy-proven 
IgG4-RD have normal IgG4 concentrations at the 
time of diagnosis even before the start of therapy. 
Carruthers et al,52 estimated that elevation of serum 
IgG4 concentration had a sensitivity of 90% and 
specificity of 60% with a high negative predictive 
value of 96% but low positive predictive value of 
34% in the diagnosis of IgG4-RD. Cerebrospinal 
fluid (CSF) analysis in patients with IgG4-RD 
of the central nervous system may reveal mild to 
moderate lymphocytic pleocytosis, a nonspecific 

finding. Therefore, the main value of CSF testing in 
those cases is the exclusion of infection and cancer. 
Further, it is unclear how sensitive or specific IgG4 
measurement in CSF really is.

Katsura et al,53 reviewed the radiological features 
of the head, neck, and brain of 17 histopathologically 
confirmed cases of IgG4-RD, which included 
computed tomography (CT) and magnetic 
resonance imaging (MRI). The general radiological 
features found included well-defined soft tissue 
masses showing homogeneous attenuation/signal 
intensity which enhanced homogeneously. erosive 
and sclerotic changes without destruction were seen 
in bones adjacent to the lesions. Diffuse thickening 
of the dura mater was also seen. lacrimal, salivary, 
and pituitary glands were preferentially affected. 
Cranial nerves, mainly the trigeminal nerve, show 
perineural spread. Hardy et al,54 found enlargement 
of the infraorbital nerve and canal in patients with 
both IgG4-RD and benign reactive lymphoid 
hyperplasia with orbital involvement.

Diagnostic criteria
A consensus statement from a multinational expert 
group on IgG4-RD laid guidelines for the diagnosis 
of the disease. The classical histopathological  
features consist of a triad of lymphoplasmacytic 
infiltrate, storiform fibrosis, and obliterative 
phlebitis. Tissue eosinophilia and raised IgG4-
positive plasma cells add to the accuracy of diagnosis. 
Tissue certain parameters (like IgG4 cell counts and 
IgG to IgG4-positive cell ratio) form second-line in 
confirmation of the histopathological diagnosis.21,55 
Tissue diagnosis requires a minimum of 30–50 
IgG4-positive cells per high power field (HPF). This 
is not mandatory, for example, for kidney tissue even 
10 IgG4-positive cells per HPF may be sufficient to 
aid diagnosis.55

Establishing the diagnosis after the initial 
assessment
The following recommendations have been laid 
to confirm the diagnosis of IgG4-RD after the 
preliminary evaluation:
 ■ Imaging: This may require CT scans, positron 

emission tomography and MRI of the affected 
tissues and organs. 

 ■ Urinalysis in IgG4-related tubulointerstitial 
nephritis (TIN).

 ■ Serology mainly for complement levels (C3, C4). 
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example: low complement levels may strongly 
suggest IgG4-related TIN.

 ■ Allergic markers in Ige-related allergic diseases.

Management
Since there are no clear guidelines for the treatment 
of IgG4-RD, the current approach to treat this 
entity is based on the experience of individual or 
group observation, case reports, and case series. The 
commonest subgroup that has been treated is AIP.5  
The highest success rate has been achieved with 
rituximab, which causes B-cell depletion.56,57 
Unfortunately, no randomized clinical trial has been 
conducted so far to evaluate the treatment modality 
for IgG4-RD as a whole or any of its subsets. The 
commonest and the safest drugs currently used are 
corticosteroids. The response to steroids is apparent 
within a few weeks in terms of symptomatic 
improvement, a reversal in the size of the masses, 
reduction in organ enlargement, improvement in 
organ function, and decrease in IgG4 serum levels. 
Such a response is not universal. Patients may 
take months to respond or not respond at all (e.g., 
those with severe fibrotic disease). An IgG4-RD 
responder index has been developed to elucidate the 
drug response clinically and find improvement in 
laboratory parameters.58

Patients with mild disease with mild ‘symptoms 
and signs’ like small lung nodules or mild 
lymphadenopathy may be observed only. However, 
patients with major organ disease with moderate 
to severe symptoms need to be treated. These 
include IgG4-related lacrimal gland disease, orbital 
masses with proptosis, submandibular and parotid 
gland involvement, IgG4-related tubulointerstitial 
nephritis, AIP, retroperitoneal fibrosis, and 
hydronephrosis. Treatment with prednisone, 
usually at a dose of approximately 40 mg/day 
is recommended. A response is frequently seen 
within two to four weeks and often sooner. Once 
a significant response is clinically evident in the 
affected organ system, the dose of glucocorticoids 
is gradually tapered, with a planned reduction over 
a two-month period, as tolerated, and the goal of 
discontinuing the medication entirely.

Rituximab is a safe, first-line treatment and 
effective alternative in patients who either have 
unacceptable side effects with the conventional dose 
of steroids or are resistant.5,49 The main advantage of 
rituximab is it causes a reduction in serum IgG4 due 

to B-cells without affecting other immunoglobulins. 
Rituximab also reduces the concentration of  
blood plasmablasts.

The second-line drugs also indicated as steroid-
sparing agents include azathioprine (2 mg/kg/day) 
and mycophenolate mofetil (up to 2.5 g/day).

Prognosis
The prognosis of IgG4-RD is not yet fully established. 
This is probably due to it being a new entity in the 
world of medicine. Some patients may show an 
improvement in signs and symptoms without specific 
treatment, but the majority of patients with chronic 
disease may relapse or not respond effectively. 
Stone et al,59 reported an unfavorable prognosis 
with significant mortality and morbidity in IgG4-
related diabetes mellitus, biliary obstruction, aortic 
aneurysms, cirrhosis, portal hypertension, and 
retroperitoneal fibrosis.28

C O N C LU S I O N
IgG4-RD is an amalgamation of inflammation 
against an autoimmune background. It is recognized 
as a common cause of inflammatory pseudotumor 
disorders affecting almost every organ or tissue in 
the body. It is likely of autoimmune mechanism and 
has a variable but usually progressive clinical course. 
The main characteristic features being the formation 
of tumor-like masses with IgG4-rich plasma cell 
lymphocytic tissue infiltrate and raised serum 
IgG4 levels. The common complication and sequel 
being fibrosis. The diagnosis is based on clinical 
presentation with a characteristic appearance on 
MRI and distinctive features on histopathological 
and immunohistochemical studies.  Most 
appropriate treatment currently consists of steroids 
and immunosuppressants. IgG4-RD should always 
be considered by any clinician suspecting an 
inflammatory condition because, although it may be 
an uncommon disease, it is likely underdiagnosed.

Disclosure
The authors declared no conflicts of interest. No funding was 
received for this study. 

r efer ences
1. Stone JH, Khosroshahi A, Deshpande V, Chan JK, 

Heathcote JG, Aalberse R, et al. Recommendations for the 
nomenclature of IgG4-related disease and its individual 
organ system manifestations. Arthritis Rheum 2012 
Oct;64(10):3061-3067. 



O M A N  M e D  J,  V O l  3 3 ,  N O  2 ,  M A R C H  2 0 1 8

102 A b d u ll a h  A l -Mu ja i n i ,  et  a l . 103A b d u ll a h  A l -Mu ja i n i ,  et  a l .

2. Wallace ZS, Carruthers MN, Khosroshahi A, Carruthers R, 
Shinagare S, Stemmer-Rachamimov A, et al. IgG4-related 
disease and hypertrophic pachymeningitis. Medicine 
(Baltimore) 2013 Jul;92(4):206-216. 

3. Bateman AC, Deheragoda MG. IgG4-related systemic 
sclerosing disease - an emerging and under-diagnosed 
condition. Histopathology 2009 Oct;55(4):373-383. 

4. Takeuchi M, Sato Y, Ohno K, Tanaka S, Takata K, Gion Y, 
et al. T helper 2 and regulatory T-cell cytokine production 
by mast cells: a key factor in the pathogenesis of IgG4-
related disease. Mod Pathol 2014 Aug;27(8):1126-1136. 

5. Khosroshahi A, Stone JH. Treatment approaches to IgG4-
related systemic disease. Curr Opin Rheumatol 2011 
Jan;23(1):67-71. 

6. Thorne Je, Jabs DA, Qazi FA, Nguyen QD, Kempen JH, 
Dunn JP. Mycophenolate mofetil therapy for inflammatory 
eye disease. Ophthalmology 2005 Aug;112(8):1472-1477. 

7. Sato Y, Kojima M, Takata K, Morito T, Asaoku H, Takeuchi 
T, et al. Systemic IgG4-related lymphadenopathy: a clinical 
and pathologic comparison to multicentric Castleman’s 
disease. Mod Pathol 2009 Apr;22(4):589-599. 

8. Takahashi H, Yamamoto M, Suzuki C, Naishiro Y, 
Shinomura Y, Imai K. The birthday of a new syndrome: 
IgG4-related diseases constitute a clinical entity. Autoimmun 
Rev 2010 Jul;9(9):591-594. 

9. Sah RP, Chari ST, Pannala R, Sugumar A, Clain Je, levy MJ, 
et al. Differences in clinical profile and relapse rate of type 
1 versus type 2 autoimmune pancreatitis. Gastroenterology 
2010 Jul;139(1):140-148, quiz e12-e13. 

10. Hamano H, Arakura N, Muraki T, Ozaki Y, Kiyosawa K, 
Kawa S. Prevalence and distribution of extrapancreatic 
lesions complicating autoimmune pancreatitis. J 
Gastroenterol 2006 Dec;41(12):1197-1205. 

11. Kubota T, Moritani S, Katayama M, Terasaki H. Ocular 
adnexal IgG4-related lymphoplasmacytic infiltrative 
disorder. Arch Ophthalmol 2010 May;128(5):577-584. 

12. Plaza JA, Garrity JA, Dogan A, Ananthamurthy A, Witzig 
Te, Salomão DR. Orbital inflammation with IgG4-positive 
plasma cells: manifestation of IgG4 systemic disease. Arch 
Ophthalmol 2011 Apr;129(4):421-428. 

13. Sato Y, Ohshima K, Ichimura K, Sato M, Yamadori I, Tanaka 
T, et al. Ocular adnexal IgG4-related disease has uniform 
clinicopathology. Pathol Int 2008 Aug;58(8):465-470. 

14. Takahira M, Kawano M, Zen Y, Minato H, Yamada K, 
Sugiyama K. IgG4-related chronic sclerosing dacryoadenitis. 
Arch Ophthalmol 2007 Nov;125(11):1575-1578. 

15. Batra R, Mudhar HS, Sandramouli S. A unique case of IgG4 
sclerosing dacryocystitis. Ophthal Plast Reconstr Surg 2012 
May-Jun;28(3):e70-e72. 

16. Kubota T, Moritani S, Yoshino T, Nagai H, Terasaki 
H. Ocular adnexal marginal zone B cell lymphoma 
infiltrated by IgG4-positive plasma cells. J Clin Pathol 2010 
Dec;63(12):1059-1065. 

17. Cheuk W, Yuen HK, Chan AC, Shih lY, Kuo TT, Ma MW, 
et al. Ocular adnexal lymphoma associated with IgG4+ 
chronic sclerosing dacryoadenitis: a previously undescribed 
complication of IgG4-related sclerosing disease. Am J Surg 
Pathol 2008 Aug;32(8):1159-1167. 

18. Bijlsma WR, Hené RJ, Mourits MP, Kalmann R. Orbital 
mass as manifestation of Wegener’s granulomatosis: an 
ophthalmologic diagnostic approach. Clin exp Rheumatol 
2011 Jan-Feb;29(1)(Suppl 64):S35-S39.

19. Yamamoto M, Takahashi H, Ohara M, Suzuki C, Naishiro 
Y, Yamamoto H, et al. A new conceptualization for 
Mikulicz’s disease as an IgG4-related plasmacytic disease. 
Mod Rheumatol 2006;16(6):335-340. 

20. Geyer JT, Deshpande V. IgG4-associated sialadenitis. Curr 
Opin Rheumatol 2011 Jan;23(1):95-101. 

21. Masaki Y, Sugai S, Umehara H. IgG4-related diseases 
including Mikulicz’s disease and sclerosing pancreatitis: 
diagnostic insights. J Rheumatol 2010 Jul;37(7):1380-1385. 

22. Stone JH, Caruso PA, Deshpande V. Case records of the 

Massachusetts General Hospital. Case 24-2009. A 26-year-
old woman with painful swelling of the neck. N engl J Med 
2009 Jul;361(5):511-518. 

23. Zen Y, Nakanuma Y. IgG4-related disease: a cross-sectional 
study of 114 cases. Am J Surg Pathol 2010 Dec;34(12):1812-
1819. 

24. Mehta M, Jakobiec F, Fay A. Idiopathic fibroinflammatory 
disease of the face, eyelids, and periorbital membrane with 
immunoglobulin G4-positive plasma cells. Arch Pathol lab 
Med 2009 Aug;133(8):1251-1255.

25. Wallace ZS, Khosroshahi A, Jakobiec FA, Deshpande V, 
Hatton MP, Ritter J, et al. IgG4-related systemic disease 
as a cause of “idiopathic” orbital inflammation, including 
orbital myositis, and trigeminal nerve involvement. Surv 
Ophthalmol 2012 Jan-Feb;57(1):26-33. 

26. Neild GH, Rodriguez-Justo M, Wall C, Connolly JO. 
Hyper- IgG4disease: report and characterization of a new 
disease. BMC Med 2006;(6):4:23.

27. Chen TS, Montgomery eA. Are tumefactive lesions 
classified as sclerosing mesenteritis a subset of IgG4-related 
sclerosing disorders? J Clin Pathol 2008 Oct;61(10):1093-
1097. 

28. Zen Y, Onodera M, Inoue D, Kitao A, Matsui O, Nohara 
T, et al. Retroperitoneal fibrosis: a clinicopathologic study 
with respect to immunoglobulin G4. Am J Surg Pathol 2009 
Dec;33(12):1833-1839. 

29. 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 2010 Mar;95(3):1309-1317. 

30. Zen Y, Inoue D, Kitao A, Onodera M, Abo H, Miyayama S, et 
al. IgG4-related lung and pleural disease: a clinicopathologic 
study of 21 cases. Am J Surg Pathol 2009 Dec;33(12):1886-
1893. 

31. 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 2009 
Apr;251(1):260-270. 

32. Rudmik l, Trpkov K, Nash C, Kinnear S, Falck V, 
Dushinski J, et al. Autoimmune pancreatitis associated with 
renal lesions mimicking metastatic tumours. CMAJ 2006 
Aug;175(4):367-369. 

33. Saeki T, Nishi S, Imai N, Ito T, Yamazaki H, Kawano M, 
et al. Clinicopathological characteristics of patients with 
IgG4-related tubulointerstitial nephritis. Kidney Int 2010 
Nov;78(10):1016-1023. 

34. Cheuk W, lee KC, Chong lY, Yuen ST, Chan JK. IgG4-
related Sclerosing disease: a potential new etiology of 
cutaneous pseudolymphoma. Am J Surg Pathol 2009 
Nov;33(11):1713-1719. 

35. Ikeda T, Oka M, Shimizu H, Hatakeyama M, Kanki H, 
Kunisada M, et al. IgG4-related skin manifestations in 
patients with IgG4-related disease. eur J Dermatol 2013 
Apr;23(2):241-245.

36. Umemura T, Zen Y, Hamano H, Ichijo T, Kawa S, 
Nakanuma Y, et al. IgG4 associated autoimmune hepatitis: 
a differential diagnosis for classical autoimmune hepatitis. 
Gut 2007 Oct;56(10):1471-1472. 

37. Zen Y, Fujii T, Sato Y, Masuda S, Nakanuma Y. Pathological 
classification of hepatic inflammatory pseudotumor 
with respect to IgG4-related disease. Mod Pathol 2007 
Aug;20(8):884-894. 

38. Uehara T, Hamano H, Kawa S, Sano K, Oki K, Kobayashi 
Y, et al. Chronic gastritis in the setting of autoimmune 
pancreatitis. Am J Surg Pathol 2010 Sep;34(9):1241-1249. 

39. Cheuk W, Chan AC, lam Wl, Chow SM, Crowley P, 
lloydd R, et al. IgG4-related sclerosing mastitis: description 
of a new member of the IgG4-related sclerosing diseases. Am 
J Surg Pathol 2009 Jul;33(7):1058-1064. 

40. Zen Y, Kasahara Y, Horita K, Miyayama S, Miura S, 
Kitagawa S, et al. Inflammatory pseudotumor of the 
breast in a patient with a high serum IgG4 level: histologic 



O M A N  M e D  J,  V O l  3 3 ,  N O  2 ,  M A R C H  2 0 1 8

102 A b d u ll a h  A l -Mu ja i n i ,  et  a l . 103A b d u ll a h  A l -Mu ja i n i ,  et  a l .

similarity to sclerosing pancreatitis. Am J Surg Pathol 2005 
Feb;29(2):275-278. 

41. Shimatsu A, Oki Y, Fujisawa I, Sano T. Pituitary and 
stalk lesions (infundibulo-hypophysitis) associated with 
immunoglobulin G4-related systemic disease: an emerging 
clinical entity. endocr J 2009;56(9):1033-1041. 

42. Haraguchi A, era A, Yasui J, Ando T, Ueki I, Horie I, et al. 
Putative IgG4-related pituitary disease with hypopituitarism 
and/or diabetes insipidus accompanied with elevated serum 
levels of IgG4. endocr J 2010;57(8):719-725. 

43. Chan SK, Cheuk W, Chan KT, Chan JK. IgG4-related 
sclerosing pachymeningitis: a previously unrecognized 
form of central nervous system involvement in IgG4-related 
sclerosing disease. Am J Surg Pathol 2009 Aug;33(8):1249-
1252. 

44. Utsuki S, Kijima C, Fujii K, Miyakawa S, Iizuka T, Hara 
A. Investigation of IgG4-positive cell infiltration in biopsy 
specimens from cases of hypertrophic pachymeningitis. Clin 
Neuropathol 2013 Mar-Apr;32(2):84-90. 

45. Uehara T, Hamano H, Kawakami M, Koyama M, Kawa 
S, Sano K, et al. Autoimmune pancreatitis-associated 
prostatitis: distinct clinicopathological entity. Pathol Int 
2008 Feb;58(2):118-125. 

46. Sugimoto T, Morita Y, Isshiki K, Yamamoto T, Uzu T, 
Kashiwagi A, et al. Constrictive pericarditis as an emerging 
manifestation of hyper-IgG4 disease. Int J Cardiol 2008 
Nov;130(3):e100-e101. 

47. Takikita-Suzuki M, Ishida M, Okabe H. Re-evaluation of 
IgG4 in systemic fibroinflammatory disease with intracardiac 
involvement. Hum Pathol 2010 Mar;41(3):458-459. 

48. Fatemi G, Fang MA. IgG4-related pharyngitis-an addition 
to the nomenclature of IgG4-related disease: comment 
on the article by Stone et al. Arthritis Rheum 2013 
Aug;65(8):2217. 

49. Carruthers MN, Miloslavsky eM, Stone JH. Reply: To 
PMID 22736240.Arthritis Rheum 2013;65(8):2217.

50. Della-Torre e, Mattoo H, Mahajan VS, Deshpande V, 

Krause D, Song P, et al. IgG4-related midline destructive 
lesion. Ann Rheum Dis 2014 Jul;73(7):1434-1436. 

51. Frulloni l, lunardi C. Serum IgG4 in autoimmune 
pancreatitis: a marker of disease severity and recurrence? 
Dig liver Dis 2011 Sep;43(9):674-675. 

52. Carruthers MN, Khosroshahi A, Augustin T, Deshpande 
V, Stone JH. The diagnostic utility of serum IgG4 
concentrations in IgG4-related disease. Ann Rheum Dis 
2015 Jan;74(1):14-18. 

53. Katsura M, Mori H, Kunimatsu A, Sasaki H, Abe O, 
Machida T, et al. Radiological features of IgG4-related 
disease in the head, neck, and brain. Neuroradiology 2012 
Aug;54(8):873-882. 

54. Hardy TG, McNab AA, Rose Ge. enlargement of the 
infraorbital nerve: an important sign associated with 
orbital reactive lymphoid hyperplasia or immunoglobulin 
g4-related disease. Ophthalmology 2014 Jun;121(6):1297-
1303. 

55. Deshpande V, Zen Y, Chan JK, Yi ee, Sato Y, Yoshino T, et 
al. Consensus statement on the pathology of IgG4-related 
disease. Mod Pathol 2012 Sep;25(9):1181-1192. 

56. Khosroshahi A, Bloch DB, Deshpande V, Stone JH. 
Rituximab therapy leads to rapid decline of serum IgG4 
levels and prompt clinical improvement in IgG4-related 
systemic disease. Arthritis Rheum 2010 Jun;62(6):1755-
1762. 

57. Khosroshahi A, Carruthers MN, Deshpande V, Unizony 
S, Bloch DB, Stone JH. Rituximab for the treatment of 
IgG4-related disease: lessons from 10 consecutive patients. 
Medicine (Baltimore) 2012 Jan;91(1):57-66. 

58. Carruthers MN, Stone JH, Desphande V, Khosroshahi 
A. Development of an IgG4-RD Responder Index. Int J 
Rheumatol 2012;259408:epub 2012 Apr 24.

59. Stone JH, Khosroshahi A, Hilgenberg A, Spooner A, 
Isselbacher eM, Stone JR. IgG4-related systemic disease 
and lymphoplasmacytic aortitis. Arthritis Rheum 2009 
Oct;60(10):3139-3145. 


