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Abstract 

 

IgG4-related disease (IgG4-RD) is a recently recognized chronic fibrotic inflammation, which 

can affect almost every organ, and may come to clinical attention first due to visible organ 

swelling or organ dysfunction, or is identified incidentally by imaging and specific biopsy. 

The disorder has an allergic background and is immune-mediated. Up-regulated responses of 

T helper 2 and T regulatory cells and their cytokines play a major role in disease progression. 

About 30–50% of patients are atopic or have mild eosinophilia. IgG4-RD predominantly 

affects middle-aged male patients. The cornerstones of diagnosis of the disease are compatible 

clinical features and typical histopathology. Swelling of salivary and lacrimal glands, 

lymphadenopathy, and type 1 autoimmune pancreatitis (AIP) are the most common 

manifestations of the disease.  However, other tissues and organs, such as retroperitoneum, 

lung, kidney, aorta, upper airways, thyroid gland, meninges, heart, mesenterium and skin may 

be involved. Typical histopathology is lymphoplasmacytic infiltration abundant in IgG4-

positive plasma cells, storiform-type fibrosis, and obliterative phlebitis. Elevated serum IgG4 

concentration supports the diagnosis. Characteristic imaging features such as a “capsule-like 

rim” surrounding the pancreatic lesions is highly specific to type 1 AIP. 18F-

fluorodeoxyglucose positron emission tomography/computed tomography enables mapping 

the sites of inflammation, permits evaluation of the extent of the disease, helps in guiding 

biopsy decision, and may be used in monitoring response to treatment. Glucocorticoids alone 

or in combination with B-cell depletion with rituximab induces prompt clinical response to 

IgG4-RD. 

This article reviews the current understanding, different clinical manifestations, and 

approaches to diagnosis and treatment of IgG4-RD. 
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Highlights 

 

Ø IgG4-related disease is a chronic fibrotic inflammation.  

 

Ø The disease affects multiple organs, is progressive, and impairs function. 

 

Ø The disorder has an allergic background and is immune-mediated. 

 

Ø Compatible clinical signs and typical pathology are the basis for the diagnosis.  

 

Ø Glucocorticoids and/or B-cell depletion induces prompt clinical response. 

 

 

 

Immunoglobulin G4-related disease (IgG4-RD) is a chronic fibrotic inflammation, 

characterized by tissue infiltration by lymphocytes, IgG4-positive plasma cells, simultaneous 

development of fibrosis, and often, but not always, elevated serum levels of IgG4 (1, 2). The 

disease can affect multiple organs. Early diagnosis of IgG4-RD is not easy because of the 

indolent course of the disease with vague, nonspecific symptoms. It may first come to clinical 

attention as visible organ swelling or detected organ dysfunction due to fibrosis, or is 

identified incidentally by imaging and specific biopsy when the patient undergoes 

investigation of suspected tumor disease. Most forms of organ involvement in IgG4-RD, even 

in the advanced fibrotic stages, respond well to glucocorticoids (3, 4). 



 4 

A comprehensive search for all articles in English until June 2015, with particular attention to 

articles published during the last ten years, with pertinent keywords IgG4-related disease, 

IgG4-RD and IgG4 was conducted using PubMed. 

1 Pathogenesis of IgG4-related disease 

It has been suggested that the disorder has an allergic background and is immune-mediated, 

where abnormal immune responses are observed. The responsiveness to immunosuppressive 

therapy supports an autoimmune or other chronic inflammatory etiology. About 30–50% of 

patients have a history of allergies, eosinophilia and/or elevated serum IgE levels (5, 6).  

In contrast to patients with autoimmune diseases supported by T helper 1 (Th1) or Th17-

mediated immunity and production of inflammatory cytokines interleukin-2 (IL-2), interferon 

gamma, and tumor necrosis factor alpha, the patients with IgG4-RD have mainly up-regulated 

responses of Th2 (cytokines IL-4, IL-5, IL-13, and IL-21) and regulatory T (Treg) cells (IL-10 

and transforming growth factor beta 1 (TGF-β1)) (7).  

Th2 induces an allergic immune response with eosinophilia and increased serum IgE (8, 9). 

Activated mast cells, strongly positive for IgE, promote the differentiation of naïve T cells to 

Treg cells (10). IL-10 also known as anti-inflammatory cytokine promotes the differentiation 

of B cells to plasma cells and subsequent production of IgG4. IL-4 activates macrophages to 

produce high levels of IL-10. IL-21 produced by Th2 and T follicular helper cells, is 

important in the formation of germinal centers and stimulates production of IgG4 and 

infiltration of IgG4-positive plasma cells in affected tissues (8, 11, 12). Inflammatory 

monocytes also play an important role in the formation of ectopic lymphoid follicles in IgG4-

RD (13). Massive infiltration by inflammatory cells with the formation of lymphoid follicles 

leads to enlargement of the affected organs and results in their dysfunction. Plasma cell 

expansion leads to hypergammaglobulinemia. 

Antigen-induced circulating plasma cells in the blood have the phenotype 
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CD38highDC27highCD19+CD20−CD22− (short-lived plasmablasts) (14). A recent study showed 

that IgG4-RD is associated with elevated short-lived plasmablast counts in the blood, even in 

a subset of patients with normal serum IgG4 concentrations. Plasmablast count is superior to 

serum IgG4 concentrations as a biomarker for the diagnosis of IgG4-RD (15) and can be 

useful for monitoring disease activity and predicting relapse (16). The effect of rituximab, a 

chimeric monoclonal antibody against CD20+ B cells, may rely on depletion of CD20+ B 

lymphocytes, which are precursors to plasma cells. Short-lived plasma cells undergo 

apoptosis and IgG4 levels decline in the blood (17, 18). Long-lived memory plasma cells 

survive B-cell depletion. Long-lived plasma cells, Th2 memory cells, and expanding mutated 

plasmablasts may play a role in chronic and relapsing disease (16, 19).  

Treg cells produce TGFβ-1, which activates fibroblasts (20) and causes differentiation of 

endothelial/epithelial cells into myofibroblasts (21), resulting into tissue fibrosis development. 

Complex network of multiple pathways may be involved in the fibrosis pathogenesis (21). 

2 IgG4 immunoglobulin 

IgG4 is the least common of the four subclasses of IgG and accounts for 3–6% of total IgG in 

normal serum. IgG4 exhibits negligible binding to FcγII and FcγIII receptors and C1q protein 

complex, and is unable to activate the classical complement pathway. Although the IgG1 

response is considered to precede the IgG4 response, the switch is driven by the repeated and 

prolonged exposure to the antigen (22).  

Structural differences of the core IgG4 hinge allow the heavy chains to separate and 

recombine randomly forming antibodies with two different antigen-binding sites. The 

bispecific IgG4 molecules are unable to crosslink antigen and lose the ability to form immune 

complexes. In addition, IgG4 can bind the Fc portion of other IgG antibodies and may 

contribute to the molecule’s anti-inflammatory effect (23, 24). Moreover, IgG4 may function 
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as a blocking or neutralizing antibody, protecting the body from severe allergic reactions in 

response to food or environmental allergens (22, 25).  

It is thus far not known whether IgG4 antibodies are pathogenic in IgG4-RD or are by-

products of the immune response, and no putative target antigen has been identified.  

3 History 

In 1892, Mikulicz described a patient with symmetrical and painless swelling of the lacrimal, 

parotid, and submandibular glands, so-called Mikulicz’s disease (MD). Until recently, MD 

has been considered to be a subtype of Sjögren’s syndrome (SS) in western countries, as a 

result of clinical and histopathological similarities (26). However, many differences between 

MD and SS have been reported in Japan. MD usually presents with bilateral and persistent 

swelling in at least two sites of the lacrimal and salivary glands, with higher frequency of 

males represented. Lymphoplasmacytic infiltration with lymphoid follicle formation causes 

swollen glands, but duct destruction is uncommon in MD. Serology is usually negative for 

anti-SS-A/SS-B antibodies, and in contrast to SS, dryness symptoms improve within days of 

starting glucocorticoids in MD patients (27).  

In 1961, a case of chronic pancreatitis with hypergammaglobulinemia was reported (28). 

Autoimmunity was presumed as part of the mechanism in the development of the type 1 

autoimmune pancreatitis (AIP) in 1995 (29), and in 2001, the association of this type of 

pancreatitis was reported with elevated serum concentrations of IgG4 (30). Moreover, in the 

following year, it was reported that IgG4-positive plasma cells prominently infiltrated 

pancreatic lesions (31). Various other organ dysfunctions have been found to be associated 

with MD and type 1 AIP, and the extrapancreatic infiltration by IgG4-positive plasma cells 

suggested a systemic nature of the inflammatory disease (32). After an international 

symposium in 2011, recommendations regarding the nomenclature for IgG4-RD (33) and 

consensus on the pathology of the disease (34) were established.  
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4 Epidemiology 

The epidemiology of the IgG4-RD remains poorly understood due to its recent recognition 

and the lack of larger epidemiological studies. In Japan, the estimated prevalence of type 1 

AIP is 0.8 cases per 100,000 persons and the estimated incidence of 0.28–1.08/100,000, with 

336–1300 patients newly diagnosed per year and approximately 6,700–26,000 patients who 

developed the IgG4-RD over the last 20 years (35). Another study in Japan estimated the 

prevalence of approximately 6 individuals with IgG4-RD per 100,000 inhabitants (36). 

The IgG4-RD predominantly affects male patients, with the possible exception of those with 

principally head and neck involvement, in whom the gender distribution is almost equal (37). 

The average age at onset of symptoms is 50–60 years, (37, 38) but some patients can show 

symptoms at a younger age, and the disease can even affect children (39-41).  

5 Diagnosis 

5.1 Clinical symptoms  

Umehara et al. have proposed comprehensive clinical diagnostic criteria for IgG4-RD for 

practical use by nonspecialists (42). Organ-specific criteria have also been suggested for 

specialists (43, 44). The diagnosis of IgG4-RD should be made by the integration of clinical 

features, laboratory findings, typical histopathology, and radiology data (Fig 1).  

One third of patients have a history of atopic disease including bronchial asthma, allergic 

rhinitis, nasal polyps, and atopic dermatitis, and non-atopic patients can exhibit peripheral 

blood eosinophilia and/or elevated IgE (5). A higher frequency of allergies (57%) has been 

observed in a Chinese cohort study (6). 
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Figure 1. Diagnostic work-up of IgG4-related disease, based on Umehara et al. proposed diagnostic criteria42 

Suspicion of IgG4-related disease 
Clinical and/or radiological findings (swelling of organs or soft tissue masses), history of ongoing atopic disease 

Alternative diagnosis (malignancy, other inflammatory disease, infection) No 

Yes 

Laboratory tests (may help diagnosis): 
Serum-IgG4 > 1.35 g/L (high specificity if increased twice or more over the upper the cut-off), 
hypergammaglobulinemia, mild-moderate eosinophilia, increased serum IgE  

!
30-50% of patients have normal serum IgG4 

!
No Yes 

 
Biopsy with characteristic histopathology (Deshpande et al.34):    
     1) Dense lymphoplasmacytic infiltrates  
     2) Storiform-type fibrosis 
     3) Obliterative phlebitis 

!

Yes 

No 
•  Repeat larger biopsies 
•  Review biopsy samples obtained earlier 

•  18F-FDG PET/CT helps diagnosis and may guide biopsy decision 
 

!
Compatible clinical findings and typical histopathology  

Diagnosis of IgG4-related disease 
!

Immunostaining :        
      
1) > 10-200 IgG4-positive plasma cells per high power field 
 
2) Ratio of  IgG4:IgG > 0.4 

No 

 

 

The clinical symptoms of IgG4-RD are wide-ranging, manifesting in one or more organs 

synchronously or metachronously. It may have a subacute or chronic course, marked by a 

spectrum of mild localized symptoms to major tissue damage and organ failure. Concurrent 

lymphadenopathy in the region of, or distant from, the extranodal sclerosing lesion can occur. 

Moreover, patients with IgG4-RD usually do not have constitutional symptoms such as fever, 

malaise, night sweats, or weight loss (45). Malignancies were reported in 7.4% of the patients 

with IgG4-RD (37). Extranodal marginal zone B-cell lymphoma may occur in ocular adnexa, 

salivary glands, or meningeal dura up to 5 years after diagnosis of IgG4-RD (46-48). 
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5.2 Laboratory tests 

Hematological tests are chiefly normal, sometimes with slightly elevated C-reactive protein, 

elevated ESR, anemia, thrombocytosis, and mild peripheral eosinophilia. However, serology 

may reveal elevated IgE (5, 6), polyclonal hypergammaglobulinemia (37), 

hypocomplementemia (21% of cases, particularly with renal involvement), presence of 

antinuclear antibodies (16–50%), and rheumatoid factor (20%) (49, 50). Elevated serum IgG4 

can help make a diagnosis. IgG4 >1.35  g/L in serum, accepted as a cut-off value, 

demonstrated a sensitivity of 97.0% and a specificity of 79.6% in diagnosing IgG4-RD (51). 

However, some patients with early and/or limited stage of IgG4-RD do not present with high 

IgG4-globulinemia (51). Moreover, a study recently reported multiple non-IgG4-RD 

conditions, associated with elevated serum IgG4, leading to poor specificity (60%) and low 

positive predictive value (34%) of the test (52). In addition, increased serum IgG4 can be non-

specific, being elevated in 5% healthy individuals, and can be associated with recurrent 

infections, autoimmune diseases, allergic conditions, carcinoma, cystic fibrosis with 

concomitant Pseudomonas aeruginosa, Castleman’s disease, and IgG4-myeloma (52-55).  

About 30–50% of patients have normal serum IgG4 concentrations even in the presence of 

classic histopathology (38, 52). The prozone phenomenon, known to occur with some 

nephelometry assays in the setting of high antigen excess, may lead to major underestimations 

of IgG4 concentrations, and can be avoided by diluting the samples (56). In some cases, the 

increased serum IgG4 concentrations can also have shortcomings as predictors of disease 

flares (3). Increased plasmablast counts in the blood may serve as a biomarker of the disease 

(15) and can be useful for monitoring of the disease activity and predicting relapse (16, 38).  

5.3 Imaging  

Imaging features can show characteristic features in some organs, such as a "capsule-like rim" 

in type 1 AIP (57) and renal disease (58), radiologic abnormalities in IgG4-related lung 
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disease (59) and periaortitis (60). A diffuse or focal pseudotumoral swelling of organs or soft 

tissue masses adjacent to abdominal or thoracic organs appear with soft tissue attenuation and 

well-defined margins on precontrast computed tomography (CT), and are iso- to hypointense 

on T2-weighted magnetic resonance imaging (MRI), with homogeneous enhancement, 

reflecting increased cellularity and fibrosis. The adjacent bone can show remodeling with 

erosion or sclerosis (61).  

Imaging with 18F-fluorodeoxyglucose positron emission tomography/computed tomography 

(18F –FDG PET/CT) enables mapping of the sites of inflammation by highlighting 

hypermetabolic activity, permits evaluation of the extent of the disease, and helps in guiding 

biopsy decision and in monitoring response to treatment (62). Other organ involvement has 

been detected at diagnosis of IgG4-related glandular disease in >60% of cases when using 

18F–FDG PET/CT scan (37). However, imaging features and the abnormal uptake on 18F–

FDG PET/CT scans do not permit reliable distinction between IgG4-RD, inflammation of 

other causes, and cancer (63).  

5.4 Histopathology 

The current gold standard for diagnosing IgG4-RD is the identification of characteristic 

histology and immunohistochemistry, which is the same regardless of organs involved (34). 

However, variation of histopathology can occur according to the stage of the disease. In long-

standing IgG4-RD, the histology may become predominately fibrotic and confirmation of the 

diagnosis can be difficult (64). Repeated surgical or larger needle biopsies, instead of fine 

needle biopsies, or re-evaluation of earlier obtained archived tissue samples may help with 

diagnosis (Fig 1). 

 The three major histopathological features of IgG4-RD are: i) dense lymphoplasmacytic 

infiltrates, ii) storiform-type fibrosis of irregularly whorled pattern, resembling that of a straw 

mat, and iii) obliterative phlebitis. Sometimes formation of germinal centers and infiltration of 
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eosinophils in affected tissues are observed (34).  

Immunostaining for IgG4-positive plasma cells performed on biopsy specimens shows a rich 

infiltration of such cells, with variation between 11 and more than 200 of IgG4-positive cells 

counted per high power field (HPF). The number of IgG4-positive plasma cells more than 50 

per HPF is considered highly specific, but different cut-offs are proposed for different tissues 

and surgical specimens (34). Inflammation can become “burned-out” in advanced IgG4-

related lesions. Therefore, staining for IgG-positive plasma cells should be performed. The 

ratio of IgG4 to IgG must be greater than 0.4, and is mandatory for histological diagnosis of 

IgG4-RD (34). 

The presence of granulomas, giant cells, necrosis, and neutrophilic microabscesses in biopsies 

strongly suggests an alternative diagnosis (34). Since malignant tumor is frequently suspected 

upon initial presentation of IgG4-RD, it should be always considered in the differential 

diagnosis. 

It is often difficult to perform meningeal biopsy or biopsies of organs located in the thoracic 

and peritoneal cavities. Single case reports have shown that minor salivary gland biopsy, used 

as a method for diagnosis of SS (65), may show pathological features of IgG4-RD even 

without any clinical signs of involvement of these glands in the disease (2, 66). Another study 

reported that incisional biopsy of the submandibular gland is more appropriate for definitive 

diagnosis of IgG4-related sialoadenitis compared to minor salivary gland biopsy (67). 

However, the benefits of this diagnostic method in diagnosis of IgG4-RD should be evaluated 

in a larger cohort of patients.  

6 Organ manifestations and differential diagnosis 

More than 40 organs have been reported to be involved in IgG4-RD (68). Until very recently, 

only four cohorts of patients have been described (6, 38, 69, 70). A prospective study of 28 

patients has shown multiple organ (2-4 sites) involvement in 93% of the patients (6). The 
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largest cohort study so far of 125 patients with IgG4-RD, evaluated by rheumatologists with 

biopsy-proven disease, was reported recently (38). According to this study, the frequencies of 

the organ involvement include the following: submandibular glands 28%, lymph nodes 27%, 

orbit 22%, pancreas 19%, retroperitoneum 18%, lung 18%, parotid glands 17%, kidney 12%, 

aorta 11%, biliary tract 10%, ear 8%, sinuses 4%, nasal cavity 2.4%, thyroid 5.6%, prostate 

3%, meninges 2.4%, liver 2.4%, skin 1.6%, heart 1.6%, mesenterium 1.6%, and other organs 

in lower frequencies. 

6.1 Salivary and lacrimal glands  

A continuous or recurrent painless uni- or bilateral swelling of the parotid and/or 

submandibular glands (sialadenitis) and/or upper eyelids (dacryoadenitis) with changes in 

facial appearance is particularly characteristic of IgG4-RD (27, 71). In contrast to SS, patients 

with IgG4-related sialoadenitis/dacryodenitis (or so-called MD) have male dominance, more 

often involvement of submandibular than parotid glands, and mild symptoms of dry 

mouth/dry eyes. They are usually negative for anti-SS-A/SS-B antibodies, and respond 

rapidly to corticosteroids (2, 49). In addition, minor salivary gland biopsy reveals intact 

structure of salivary ducts despite lymphocytic infiltration and formation of lymphoid 

follicles, and immunostaining for IgG4-positive plasma cells helps further in differential 

diagnosis (2, 27, 66). Thus, one cannot exclude that some patients previously diagnosed as 

incomplete or atypical SS may actually have undiagnosed IgG4-RD (20). 

6.2 Lymph nodes 

Lymphadenopathy can appear before, concurrent with, or after the diagnosis of IgG4-RD, and 

can be generalized or localized. The lymph nodes are non-tender and 1-3 cm in diameter (71, 

72). Fibrosis is uncommon feature and is only seen in pseudotumor-like lymph nodes (34). 

Infections, lymphoma, carcinoma, and Castleman’s disease should be considered in the 

differential diagnosis. 
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6.3 Ophthalmic and orbital lesions (pseudotumors) 

Orbital inflammation can involve extraocular muscles, orbital soft tissues, sclera, nasolacrimal 

duct, and trigeminal nerve, sometimes with bone destruction and development of a saddle 

nose deformity (73). The considerations in the differential for these patients include SS, 

granulomatosis with polyangiitis (GPA), sarcoidosis, lymphoma, infection, Graves’ 

thyreotoxicosis, and cancer.  

6.4 Pancreas and biliary tract 

Type 1 AIP presents with painless jaundice, diabetes mellitus and/or abdominal pain (44). The 

diagnosis can be established by typical imaging, e.g., diffuse pancreatic enlargement with 

delayed enhancement, sometimes with the presence of "capsule-like rim" (57), and the 

presence of typical clinical symptoms with increased levels of IgG4 in serum. On the other 

hand, when imaging shows segmental swelling of pancreas or pancreatic duct dilatation, it is 

indistinguishable from adenocarcinoma. Further examination by endoscopic ultrasound or 

retrograde cholangiography and pathology confirmation are needed (44). Extrapancreatic 

manifestations are common with involvement of biliary tract, salivary glands, 

retroperitoneum, lung, mediastinum, lymph nodes, and kidney (74). In contrast to type 1 AIP, 

in type 2 AIP, which is associated with inflammatory bowel disease, normal concentrations of 

IgG and IgG4 in serum are observed, and granulocytic epithelial lesions with invasion of 

neutrophilic granulocytes are seen in biopsies.  

IgG4-related sclerosing cholangitis is frequently associated with type 1 AIP. Solid mass 

lesions in hilar and perihilar ducts clinically and radiologically resemble primary sclerosing 

cholangitis or cholangiocarcinoma (75). IgG4-related cholecystitis may resemble biliary 

malignancy (76). Histopathology is crucial for differential diagnosis. 

6.5 Retroperitoneum 

The primary affected sites in IgG4-related retroperitoneal fibrosis (RF) are tissues around the 
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abdominal aorta, branching arteries, and the ureters. The clinical presentation includes flank, 

back, scrotal or lower abdominal pain, swollen legs, hydronephrosis, and signs of renal 

insufficiency related to ureteral obstruction. Very few studies have been published on IgG4-

related RF. Thus, there is insufficient knowledge about clinical differences between idiopathic 

and IgG4-related RF, and the proportion of the patients diagnosed as idiopathic RF that may 

have undiagnosed IgG4-RD is unknown. Some patients with IgG4-related RF have higher 

serum IgG4 levels and involvement of other organs are detected at diagnosis (77). Typical 

imaging for type 1 AIP (57) with extrapancreatic involvement of retroperitoneum or 

mediastinal fibrosis may help diagnosis.  

RF can be easily detected by CT or MRI imaging. The abdominal CT may reveal a thick rind 

of soft homogeneous tissue around the lower abdominal aorta and inferior vena cava between 

level of kidney and sacrum, not displacing aorta anteriorly. The ureters are generally 

displaced medially (78). An overlap between IgG4-related periaortitis and RF can occur, 

where the discrimination is dependent on the predominant location of lesions. In cases with 

periureteral or plaque-like lesions, the condition should be referred to as RF (60). 

18F–FDG PET/CT imaging may help to visualize metabolic activity of active inflammation at 

the lesions, and can help to choose a biopsy site (62). The differential diagnosis is idiopathic 

and secondary RF caused by drugs, malignancy, Erdheim-Chester disease, infection, 

radiotherapy, and surgery (40). Although glucocorticoids are a mainstay of treatment of 

idiopathic and of IgG4-related RF, it is crucial to confirm IgG4-related RF by biopsy for 

further appropriate follow-up of the extent of the disease and the specific treatment.  

6.6 Lungs, pleura, and mediastinum 

IgG4-related lung disease may present with cough, hemoptysis, dyspnea, pleural effusion, and 

chest discomfort. The radiologic manifestations are often extensive even in the setting of mild 

clinical symptomatology (71). CT scan findings could be categorized into four major features: 
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1) solid nodular densities; 2) round-shaped ground-glass opacities; 3) alveolar interstitial type 

with bronchiectasis resembling interstitial lung disease and pulmonary fibrosis with 

honeycombing; and 4) thickening of the bronchovascular bundles and interlobular septa (59). 

Other radiological features could also be seen in IgG4-related lung disease: mass density in 

mediastinum, nodular or diffuse pleural thickening, pleural effusion, and enlargement of 

regional lymph nodes (71). The diagnosis of IgG4-related lung disease can be difficult to 

differentiate from malignant tumors, sarcoidosis, multicentric Castleman’s disease, GPA, or 

other inflammatory diseases. 

Bronchoscopic or thoracoscopic biopsy of the lung, mass or pleura is indicated for 

establishing diagnosis. Histopathological examination shows typical features, often with 

obliterative phlebitis and arteritis, particularly in solid lesions; neutrophils and eosinophils 

may be present in alveolar spaces or within inflammatory infiltrates (34). 

6.7 Kidney 

IgG4-related kidney disease (IgG4-RKD) typically becomes apparent when renal dysfunction 

manifests or is detected accidentally by imaging showing multiple clearly demarcated low-

density lesions, renal swelling, or thickening of renal pelvis wall (43). In some cases, 

enhanced CT or MRI may detect a ”rim sign” of soft tissue around the kidney, like in type 1 

AIP (58). 

 IgG4-RKD may present as tubulointerstitial nephritis (TIN), membranous glomerulonephritis 

(MGN) and pyelitis (79). Many patients with IgG4-RKD are ANA positive (>50%), but 

without specific antibodies (80). Hypergammaglobulinemia, elevated levels of IgG4 and IgE 

in serum, eosinophilia and hypocomplementemia are common laboratory findings. Most of 

the patients have also other organs involved at diagnosis (43, 77, 81). Typical histological 

findings (34) with lymphoplasmacytic infiltration into and beyond the renal capsule reflect the 

“rim-like” lesions detected by CT in IgG4-related TIN (82). IgG4-related TIN may coexist 
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sometimes with IgG4-MGN, and may be associated with proteinuria and hematuria (83).  

IgG4-TIN should be differentiated from drug-induced TIN. IgG4-related MGN is not 

associated with positivity for phospholipase A2 receptor antibody as primary MGN (80). 

Other differentials are idiopathic TIN, diabetic nephropathy, lupus-nephritis, SS-associated 

TIN, GPA, Castelman´s disease, sarcoidosis, lymphoma, and malignancies.  

In most cases of IgG4-RKD, prompt response to glucocorticoids is observed. In cases in 

which the estimated glomerular filtration rate has already decreased to less than 60 before 

treatment, only partial recovery of renal function may be obtained (84).  

6.8 Heart and aorta 

6.8.1 Pericardium  

IgG4-related constrictive pericarditis is characterized by clinical signs of right heart failure, 

marked pericardial thickening revealed by cardiac ultrasound or chest CT, coexisting 

sometimes with mediastinal or retroperitoneal fibrosis (85). IgG4-positive plasma cells may 

infiltrate aortic valve causing aortic regurgitation and conduction abnormalities (86). 

Inflammation in the wall of aorta and coronary arteries or surrounding of the vessels may lead 

to aneurysmal changes and thrombosis (87), complicated by myocardial ischemia (88), 

aneurysm dissection or sudden death (89). 

6.8.2 IgG4-related periaortitis and/or periarteritis  

The most frequent symptoms of periaortitis/periarteritis may be abdominal and/or back pain, 

claudication, and low-grade fever. Characteristic radiological lesions with circumscribed 

thickening of arterial wall, with homogeneous enhancement at the late phase of contrast 

enhanced CT, associated with luminal changes, including aneurysmal dilatation, are seen (60). 

Inflammation and fibrosis may occur in the thoracic and abdominal aorta (90-92), large to 

medium-sized arteries, including iliac, renal, splenic, and mesenteric arteries (93) with 

formation of solitary aneurysm or in advanced disease multiple aneurysms (60). Among the 
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three layers comprising the wall of aorta, the adventitia is most susceptible to IgG4-related 

inflammatory process, which can disrupt the lamellar elastic fibers in the media leading to 

aneurysmal transformation (71, 91). Involvement of other organs is seen in 70% of cases and 

overlap between IgG4-related periaortitis and retroperitoneal fibrosis can occur (60). 

The condition must be differentiated from lymphoma, atherosclerotic disease, infections 

(syphilis, HIV), and other inflammatory arteritis (Takayasu arteritis, Kawasaki disease).  

In extensive aneurysmal dilatation, surgery is the treatment of choice. It is thought that 

corticosteroids can exacerbate aneurysmal changes and increase the risk of aneurysmal 

rupture because of thinning of the arterial wall. However, in some cases, particularly with 

other organ involvement, a reduced dose of corticosteroids (20 mg/day) can be used safely, 

not affecting aneurysmal diameter (60) and, in patients without luminal dilatation, even 

prevent new aneurysm formation (94).  

6.9 Upper airways 

Inflammation with swelling can appear in sinonasal cavity, sometimes with destructive 

lesions and saddle nose deformity. The fibrotic inflammations may spread to the middle ear 

and mastoid, pharynx, hypopharynx, Waldeyer’s ring, vocal cord and trachea with 

development of subglottic stenosis (71). Differentials that need to be considered include 

lymphoma, solitary fibrous tumors, invasive aspergillosis, GPA and easinophilic GPA. 

6.10 Thyroid gland 

Hypothyroidism can be the first sign of IgG4-related thyroiditis. Enlargement of the thyroid 

gland can be unpalpable by physical examination in early disease, but can be revealed by CT 

or ultrasonography. The thyroid is easily accessible for biopsy. In the late stage of the disease, 

the thyroid gland becomes enlarged and fibrotic, sometimes extending into adjacent tissues 

and causing dyspnea and dysphagia. Riedel’s thyroiditis and fibrosing variant of Hashimoto’s 

thyroiditis appear to be members of the Ig4-RD (71, 95).  
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6.11 Nerve system manifestations 

IgG4-related hypertrophic pachymeningitis with local dura matter involvement of the 

periorbital areas, vestibular structures, the clivus, brainstem, or spinal nerve roots causes focal 

signs such as visual or hearing impairment, cranial or spinal motor nerve palsies, and sensory 

alterations. More diffuse symptoms, such as headache, neck stiffness, and seizures, occur if 

meningeal inflammation spreads along the hemispheric and basal dura or the tentorium 

cerebelli. Differential diagnoses are GPA, neurosarcoidosis, and lymphoma. 

On CT scans and MRI studies, pachymeningitis may appear either as a linear dural thickening 

or as a bulging mass. Cerebrospinal fluid evaluations are nonspecific and cannot differentiate 

IgG4-related pachymeningitis from other forms of inflammation. Biopsy material from the 

meninges is the gold standard for the diagnosis (96).  

 Clinical presentation of gG4-related hypophysitis depends of part of the pituitary affected and 

the size of the lesion. MRI is the best modality for assessing this condition, which appears as a 

thickened pituitary stalk or a pituitary region mass (71). 

Brain parenchyma involvement is rare and can present with slowly progressive multifocal 

neurologic deficits and white substance lesions detected by MRI (97). 

6.12 Gastrointestinal tract 

 Sclerosing mesenteritis involves small and/or large intestine with thickening of intestinal 

wall, adhesion to retropritoneum and surrounding arteries, and may be misdiagnosed as a 

cancer (98).    

6.13 Skin and joints 

Infiltration of IgG4-positive plasma cells presents as multiple red-brown papulonodular or 

indurative lesions, angiolymphoid hyperplasia with eosinophilia and pseudolymphoma 

localized on the periauricular, cheek and mandible regions. Psoriasis-like and erythematous 

eruptions without mass formation, palpable hypergammaglobulinemic purpura localized on 
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the legs with leucocytoclastic or urticarial vasculitis may occur (99).  

Differential diagnoses include systemic sclerosis, lupus erythematosus, antiphospholipid 

syndrome, SS, Henoch-Shönlein purpura, plasmacytosis, and psoriasis.  

About 15% of patients with IgG4-RD may experience arthralgia (2), and sporadic patients 

may have arthritis caused by infiltration by IgG4-positive plasma cells in synovium (100). 

However, there have been limited studies and insufficient data, and no consensus on skin and 

joint lesions in IgG4-RD has emerged. 

7 Approach to treatment 

Recently, the international consensus guidance statement on the management and treatment of 

IgG4-RD has been published (101). However, no definitive treatment strategy for IgG4-RD 

has yet been established, and it varies even among specialists in IgG4-RD. Here some 

important current issues of the treatment of the disease are discussed with some novel insights 

into approaches. 

7.1 ”Watch-and-wait” strategy 

In asymptomatic patients or those with limited disease, e.g., with only involvement of lymph 

nodes or salivary glands, ”watch-and-wait” strategy can be applied (101). Follow-up of these 

patients is important by assessing organ dysfunction clinically and/or by imaging. 

 7.2 Specific treatment 

In symptomatic patients glucocorticoids, and B-cell depletion for induction of remission are 

used. In some cases, surgical interventions are needed, and in severe cases, urgently.  

7.2.1 Glucocorticoids 

Systemic glucocorticoids, which are well known to induce nonselective apoptosis of 

lymphocytes, are the first-line approach for the most patients with symptomatic IgG4-RD. 

Most patients (86–99%) (3, 4, 38) respond well to glucocorticoids within 2–4 weeks. Two 

main steroid regimens, based on type 1 AIP and cholangitis treatment, have been employed 
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for the management of IgG4-RD, even for other organ manifestations. A Japanese approach 

suggests an initial dose 0.5–0.6 mg/kg/day or fixed-dose of prednisone 30–40 mg/day for 2–4 

weeks and then tapering by 5–10 mg every 1–2 weeks to low maintenance dose of prednisone 

2.5–5 mg/day, which is continued from 6 months up to 3 years (3, 4, 102). Another approach 

established at the Mayo Clinic (103, 104) is an initial treatment with prednisone 40 mg/day 

for 4 weeks and then tapering by 5 mg/week during a 7-week taper period until the patient is 

off prednisone by the end of 11 weeks. In clinical practice, higher prednisone doses may be 

needed to induce remission and to prevent major organ damage. Although glucocorticoids 

usually induce the remission in most cases, 25–50% of patients relapse on low maintenance 

dose or after discontinuation of glucocorticoids (3, 103).  

7.2.2 Steroid-sparing immunomodulators 

For remission-maintenance in relapsing IgG4-RD or as steroid-sparing approaches 

immunomodulators, such as mycophenalate mofetil (750 mg twice daily) and azathioprine 

(2.0–2.5 mg/kg/day) (4, 103), has been suggested. Some case reports have showed 

effectiveness of methotrexate (105), cyclosporine (106), and cyclophosphamide (106, 107). 

Further larger studies are needed to assess the efficacy to maintain remission with steroid-

sparing immunomodulators in IgG4-RD. 

7.2.3 Rituximab 

B-cell depletion with rituximab, used for the treatment of B-cell lymphoma, rheumatoid 

arthritis, and other autoimmune diseases, induces prompt clinical response to systemic IgG4-

RD (17, 18), and is a better alternative than other immunomodulators in glucocorticoid 

resistant, generalized or relapsing disease. In patients with IgG4-RD, IgG4 concentrations in 

serum decline rapidly after rituximab treatment (17). A recently published prospective, open-

label pilot trial of 30 IgG4-RD patients treated with rituximab 2x1000 mg (administered 15 

days apart) alone or discontinued baseline glucocorticoids within 2 months, has shown 
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response to treatment in 97% of patients; thus, suggesting that even monotherapy with 

rituximab is effective in induction of remission (108). It is thought that the good efficacy of 

rituximab in IgG4-RD is achieved by apoptosis of short-lived plasma cells, producing IgG4 

(17, 18), though the exact mechanism is not yet known. 

Clinical trials regarding doses of rituximab, retreatment frequency, prognostic factors, and 

outcomes of treatment in different subtypes of IgG4-RD patients are warranted. 

7.2.4 Other possible specific therapies 

Bortezomib is a proteasome inhibitor, induces apoptosis of plasma cells, and impacts 

activated naïve and memory B cells (109). Bortezomib has been approved for the treatment of 

multiple myeloma, and appears to be effective also in transplantation settings by depleting 

anti-HLA antibody-producing plasma cells. Good effect of bortezimib has been reported in 

recurrent IgG4-related lung disease (110). Further studies are required to evaluate if 

bortezomib is effective in the treatment of recurrent IgG4-RD.  

Effective therapies are needed to target fibrosis in advanced IgG4-RD. As in other fibrotic 

conditions (e.g., systemic sclerosis, idiopathic pulmonary fibrosis), there is currently no 

accepted potentially effective anti-fibrotic treatment. Targeting multiple regulatory pathways 

involving growth factors and cytokines (21), which are involved in activation of 

myofibroblasts and fibroproliferation, are required. 

Antihistamines in allergic IgG4-RD patients may play a positive role by changing cytokine 

milieu. Targeting selectively histamine H4 receptors the inhibition of mast cells and 

eosinophils (111) with potential immunomodulating benefit may be achieved.  

Tamoxifen, used for breast cancer, has modulating effects on apoptotic signaling proteins 

(112). In addition to glucocorticoids, tamoxifen is another therapeutic option for treatment of 

idiopathic RF (113), and can be used as a second-line drug, particularly for patients who 

cannot tolerate glucocorticoids. However, the efficacy and safety of the drug are not known in 
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IgG4-related RF. 

7.3 Operative approaches and radiation therapy 

The large number of patients with IgG4-RD can be detected when undergoing surgical 

procedures before diagnosis (38). Ureteral and biliary balloon dilatation, stent placement (38), 

endovascular aortic repair (94), palliative surgical bypass (4), and surgical excision (107) can 

be required as urgent surgical interventions. In some cases of orbital pseudotumor, 

radiotherapy can be used to achieve remission (107). 

7.4 Follow-up 

Responses to therapy to follow-up are clinical improvement, reduction of organ swelling 

observed clinically, or by follow-up imaging, detection of decreasing concentration of IgG4 in 

serum, and normalized laboratory tests. IgG4-RD responder index to define response to 

treatment, remission, and relapse has been developed (114) and can be applied also in clinical 

practice. 

8 Conclusion 

IgG4-RD may have many “faces” with multi-organ involvement, and has a chronic recurrent 

course. The condition is often not recognized in early stages and, if left untreated, leads to 

irreversible fibrosis and organ dysfunction. Clinicians in various specialties should be aware 

of the disease. The early detection of the disorder can be effectively managed by 

immunosuppressive therapies. While glucocorticoids are widely used for the treatment of the 

disease, prolonged glucocorticoid use may have many adverse side effects, and it seems to be 

a temporary solution. Large clinical trials are required for studying targeted therapies (e.g., 

rituximab, bortezomib) and combined therapies in different subsets and different clinical 

manifestations of patients with IgG4-RD. 
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