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 Abstract

Immunoglobulin G4–related disease (IgG4-RD) is a fibroinflammatory disorder that begins in 1 or more organs as inflammatory tumors 
that progress toward fibrosis. It is often accompanied by elevated serum IgG4. IgG4-RD was first described in 2003 as a new concept 
encompassing a number of immunoallergic diseases that had previously been considered unrelated. IgG4-RD mainly affects middle-
aged and older men. It consists of upregulation and expansion of CD4+ cytotoxic T lymphocytes, oligoclonal plasmablasts, and other 
inflammatory cells that infiltrate affected tissues and induce inflammation, organ dysfunction, and fibrosis. Symptoms depend on the 
location, severity, and extent of the disease. Virtually any organ can be affected, including the pancreas, salivary glands, lacrimal glands, 
thyroid gland, retro-orbital tissue, lymph nodes, retroperitoneum, mediastinum, lung, kidney, aorta, serosal surfaces, and meninges. 
Patients with widespread disease may present general symptoms. At least 30%-40% of patients are atopic or display atopic traits such 
as eosinophilia and elevated serum IgE levels. Additional laboratory features include increased serum IgG4 concentrations, increased 
blood IgG4-plasmablasts, hypergammaglobulinemia, and hypocomplementemia. Diagnosis of IgG4-RD is based on a clinicopathological 
correlation. Lymphoplasmacytic infiltrate with abundant IgG4-positive plasma cells, storiform-type fibrosis, obliterative phlebitis, and 
tissue eosinophilia are the pathological hallmarks. Therapy for IgG4-RD is based primarily on corticosteroids but may include additional 
immunomodulatory drugs and monoclonal antibodies such as rituximab. In individuals with allergic features, IgG4-RD should be suspected 
when a history of unexplained swelling is observed in 1 or more organs, particularly if they respond to corticosteroids and the patients 
are men in the sixth decade of life and beyond.
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 Resumen

La enfermedad relacionada con la inmunoglobulina G4 (ER-IgG4) afecta a uno o varios órganos, produciendo tumores inflamatorios 
que evolucionan a fibrosis, y elevación de la IgG4 en suero. Se describió en 2003 como una entidad que engloba numerosas patologías 
de naturaleza inmuno-alérgica, previamente consideradas idiopáticas. Afecta principalmente a varones a partir de mediana edad. 
Fisiopatológicamente se produce un aumento y expansión de linfocitos T citotóxicos CD4+, plasmablastos oligoclonales y otras células 
inflamatorias, que infiltran los tejidos produciendo inflamación, disfunción orgánica y fibrosis. Los síntomas pueden llegar a ser generales, 
dependen de la localización, gravedad y extensión de la enfermedad. Cualquier órgano puede verse afectado: páncreas, glándulas salivales, 
glándulas lacrimales, tiroides, órbita, ganglios linfáticos, retroperitoneo, mediastino, pulmón, riñón, aorta, serosas y meninges. Al menos 
un 30-40% de los pacientes presentan rasgos atópicos como eosinofilia o elevación de la IgE en suero. Otros datos frecuentes son el 
aumento de la IgG4 sérica, de los plasmablastos IgG4+ en sangre, hipergammaglobulinemia e hipocomplementemia. El diagnóstico se 
basa en una adecuada correlación clínico-patológica, destacando en la histología un infiltrado linfoplasmocitario con abundantes células 
plasmáticas IgG4+, fibrosis estoriforme, flebitis obliterante y eosinofilia. El tratamiento fundamental son los corticoides pero puede incluir 
inmunomoduladores y anticuerpos monoclonales como el rituximab. En pacientes de perfil alérgico, la ER-IgG4 se debe sospechar ante 
un cuadro clínico de tumoración o agrandamiento inexplicable de uno o varios órganos, particularmente si responde al tratamiento con 
corticoides y si se trata de varones a partir de la 6ª década de la vida.
Palabras clave: Enfermedad relacionada con la inmunoglobulina G4. Alergia. Inmunoglobulina G. IgG4. Inmunoglobulina E. Eosinófilos. 
Inflamación. Fibrosis.
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Introduction and History of IgG4-Related 
Disease

Immunoglobulin G4–related disease (IgG4-RD) is 
a clinicopathological entity that produces inflammation 
and fibrosis of 1 or more organs. It is characterized by a 
lymphoplasmacytic infiltrate of IgG4-positive plasma cells, a 
variable degree of fibrosis with a typical storiform pattern, and 
elevated serum concentrations of IgG4 in most patients [1]. 
The disease was first described in 2003 by Kamisawa et al [2], 
although 2 years before, Hamano et al [3] had already reported 
the association between increased serum IgG4 concentrations 

and so-called autoimmune pancreatitis. The authors suggested 
the concept of IgG4-RD [2], which includes many previously 
unrelated diseases, such as autoimmune pancreatitis, Riedel 
thyroiditis, Mikulicz syndrome, and retroperitoneal fibrosis [1] 
(Table 1). The histopathological diagnostic criteria for IgG4-
RD were established in 2012 [10], and the International 
Consensus Guidance Statement on the Management and 
Treatment of IgG4-RD was published in 2015 [11]. Finally, 
The American College of Rheumatology (ACR)/European 
League Against Rheumatism (EULAR) Classification criteria 
for IgG4-related disease were presented in 2018 and published 
in December 2019 [12].

Table 1. Diseases and Syndromes That Can Be Included in IgG4-Related Diseasea 

Diseases and Syndromes  Affected Organs 

IgG4-R pachymeningitis/idiopathic hypertrophic  Pachymeninges/brain/hypophysis/nerve 
pachymeningitis/cerebritis/hypophysitis/neuritis [4,5]
IgG4-R ophthalmic disease/orbital inflammation/pan-orbital  Eye/orbital soft tissue/multiple structures 
inflammation/orbital myositis [4] of the orbit/extraocular muscles
IgG4-R dacryoadenitis/scleritis/uveitis [4,5] Lacrimal glands/sclera/uvea
IgG4-R inflammatory pseudotumour [4] Any organ (often referred to orbit)
Eosinophilic angiocentric fibrosis [4] Orbits and upper respiratory tract
IgG4-R chronic rhinosinusitis [6] Paranasal sinuses 
IgG4-R sialadenitis/sialadenitis and dacryoadenitis/Mikulicz disease [4] Salivary glands/salivary and lacrimal glands
IgG4-R submandibular gland disease/Küttner tumor [4] Submandibular glands
IgG4-RD of the tongue/palatine tonsil [5] Tongue/palatine tonsil
IgG4-RD of the soft tissues of the head and neck/idiopathic cervical fibrosis [4] Soft tissues of the head and neck
IgG4-R thyroid disease/Riedel thyroiditis [4] Thyroid
IgG4-RD of the supraglottis/trachea [5] Supraglottis/trachea
IgG4-R mediastinitis/fibrosing mediastinitis/thymus disease [4,5] Mediastinum/thymus
IgG4-R mastitis/uterus disease [4,5] Breast/uterus
IgG4-R lung disease/interstitial pneumonitis/pleuritis [4,5] Lung/pleura
IgG4-R pericarditis/heart disease [4,5] Pericardium/heart 
IgG4-R aortitis/inflammatory aortic aneurysm/periaortitis/periarteritis [4] Aorta/arteries
IgG4-R esophagitis/gastritis/enteritis/colitis [7] Esophagus/stomach/small/large intestine
IgG4-R hepatopathy/cholecystitis/sclerosing cholangitis/spleen disease [4,5] Liver/gallbladder/bile ducts/spleen
IgG4-R pancreatitis/autoimmune pancreatitis type 1/lymphoplasmacytic  Pancreas 
sclerosing pancreatitis [4] 
IgG4-R retroperitoneal disease/retroperitoneal fibrosis/Ormond disease [4] Retroperitoneum
IgG4-R mesenteritis/sclerosing mesenteritis [4] Mesentery
IgG4-R kidney disease/glomerulonephritis/idiopathic hypocomplementemic  Kidney 
tubulointerstitial nephritis [4,5] 
IgG4-R renal pyelitis/ureteritis/interstitial cystitis/urethritis/prostatitis/ Renal pelvis/ureter/urinary bladder/urethra/ 
testicular/paratesticular disease [4,8] prostate/testis/paratestis 
IgG4-R lymphadenopathy [4] Lymph node
IgG4-R arthritis/bone disease/bone marrow disease [5,9] Joints/bone/bone marrow 
IgG4-R skin disease/cutaneous pseudolymphoma [4] Skin
IgG4-RD/multifocal fibrosclerosis [4] Affecting multiple organs 

aIt should be noted that every organ of the body can be affected by IgG4-related (IgG4-R) disease.
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Epidemiology of IgG4-Related Disease

IgG4-RD was first described in Japan, where the prevalence 
is around 6.3 cases per 100 000 people [13]. While it can affect 
all racial and ethnic groups, prevalence seems to be low or, 
at least, unknown or underestimated in other countries [7]. 
The average age at onset is 59 years [13], although a few 
cases have been reported in children [14]. Males are more 
frequently affected (56%) [13], except in cases of head and 
neck involvement [15,16]. In general, women with IgG4-RD 
are younger, with a higher prevalence of allergic diseases and 
lower peripheral eosinophils, C-reactive protein and serum 
IgG4 levels, as well as better prognosis [17].

The IgG4 Molecule and Its Relationship 
With Allergic Disorders

IgG4 is the least abundant IgG subclass in humans, 
representing between 1% and 10% of total serum IgG, with 
a half-life of approximately 21 days [18]. In a series of 
413 individuals from a general adult population, the median 
(IQR) IgG4 concentration was 33 mg/dL (14-44 mg/dL 
[97.5 percentile, 126 mg/dL]) [18]. Serum IgG4 concentrations 
decrease with age and are higher in males than in females [18]. 

As with other immunoglobulins, IgG4 is composed 
of 2 heavy and 2 light chains, although it differs in that 
its 2 heavy chains can be linked together by noncovalent 
bonds [19]. Therefore, hemi-IgG4 molecules (1 heavy 
chain covalently bound to 1 light chain) can be associated 

with distinct hemi-IgG4 molecules in a process called 
Fab-arm exchange [19]. As a result, these antibodies have 
the ability to interact with various antigens simultaneously 
and are incapable of forming large precipitating immune 
complexes [19]. On the other hand, the IgG4 molecule 
has a low affinity for C1q and cannot activate the classical 
complement pathway [19].

The role of IgG4 in allergic disorders is well-known. 
Even though IgG1 is the initial IgG subclass involved in 
allergen exposure, IgG4 is responsible for humoral immune 
tolerance after prolonged allergenic stimulation, as is the case 
in allergen immunotherapy [20,21], where IgG4 competes 
with IgE and inhibits mast cell degranulation because of the 
presence of FcγRIIb and FcεRI receptors on effector cells [21]. 
IgG4 also competes with IgE by blocking the activation of 
antigen-presenting B cells through inhibition of the allergen 
presentation facilitated by IgE [22]. Since these responses 
can also occur in asymptomatic helminth infections or after 
chronic exposure to high doses of allergens, specific IgG4 may 
act as a marker of the state of immune tolerance of a patient 
against a given allergen [23]. In fact, specific IgG4 tests have 
been used to evaluate allergen immunotherapy [22,24], and 
allergen-specific IgG4 may indicate development of tolerance 
in patients with food allergy [25]. Accordingly, total serum 
IgG4 concentrations are higher among asymptomatic atopic 
patients [18] (Figure 1). In patients with IgG4-RD, the positive 
correlation between serum IgG4 concentrations and IgG4 
responses to multiple food and animal antigens could indicate 
polyclonal expansion and differentiation of pre-existing B cells 
in IgG4-related disease [26].

Figure 1. Serum concentrations of IgG4 and ratio of IgG4 to total IgE in a general adult population sample stratified by atopy and respiratory symptoms [18]. 
Participants were randomly selected from a municipality in Northern Spain. Atopy was assessed by positivity to any of a panel of common aeroallergens in 
the area. Respiratory (nasal and/or bronchial) symptoms were assessed using a questionnaire. Serum concentrations of total IgG4 tended to be higher in 
asymptomatic atopic persons than in nonatopic persons and in symptomatic atopic persons (left panel). As a consequence (and given the highest levels 
of total IgE in symptomatic atopic individuals), the highest ratio of IgG4 to total IgE tends to be highest in nonatopic individuals and in asymptomatic 
atopic individuals (right panel).
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Etiology and Pathophysiology of  
IgG4-Related Disease

The pathogenesis of IgG4-RD is poorly understood. 
Elevated serum concentrations of IgG4 and tissue infiltration 
by IgG4-expressing cells constitute the hallmark of IgG4-
RD [1]; yet, these findings are not specific to IgG4-RD, because 
they can be found in many diseases, mainly in inflammatory 
conditions and malignancies [1,10,11,27-30]. In any case, the 
presence of a dense lymphoplasmacytic infiltrate, storiform-
type fibrosis, and obliterative phlebitis are specific for IgG4-
RD [10]. 

Numerous self-antigens have been reported as potential 
autoantigens responsible for the pathogenesis of IgG4-RD [31]. 
However, it is unclear whether IgG4 antibodies are pathogenic 
in IgG4-RD or merely represent a regulatory response to 
another primary autoimmune or allergic process [1,19,31-35]. 
In an experimental animal model, subcutaneous injection 
of IgG1 or IgG4 from patients with IgG4-RD resulted in 
pancreatic and salivary gland injuries. Interestingly, IgG1 
induced more destructive changes than IgG4 [36], although 
the relevance of IgG1 in the disease is uncertain.

The fact that IgG4-RD involves organs with exocrine 
functions and immune barriers suggests a possible role for 
infectious agents (eg, Helicobacter pylori, gram-negative 
bacteria, and Mycobacterium tuberculosis) [37], antigens, and 
even occupational exposure [38] as triggers of the disease. 
Besides, the presence of serum antinuclear antibodies, immune 
complex deposition, serum IgE elevation, and peripheral blood 
eosinophilia in patients with IgG4-RD [1,27,39] supports 
TH2 overactivity. However, accurate analysis of circulating 
T cells in IgG4-RD for TH1/TH2/Treg polarization has led to 
conflicting results, since only patients with a history of atopy 
show expansion of TH2 memory CD4+ T cells [33,34]. CD4+ 
cytotoxic T lymphocytes (CTLs) with cytolytic functions 
that express SLAMF7 on their surface are the most abundant 
CD4+ T type in this disease [40]. The cytotoxic molecules 
secreted by these CD4+ CTL cells such as perforin, granzyme 
A/B, granulysin and profibrotic cytokines (IL-1β, IFN-γ, and 
TGF-β1) are responsible for inflammation and later fibrosis 
in tissues [40,41]. Moreover, the involvement of B cells is 
strongly suggested by the clinical response of patients treated 
with rituximab [42,43], a monoclonal antibody targeting CD20. 
The fact that CD4+SLAMF7+ CTLs do not express CD20 
but are decreased by rituximab indicates that they could be 
continuously activated by B cells and plasmablasts through 
repeated antigen presentation [42].  

Tertiary lymphoid organs are formed at affected tissue 
sites [1], promoted by IL-21, a cytokine produced by TH2 cells 
and T follicular helper (Tfh) cells [44,45]. Increased production 
of IL-10 and TGFβ-1 by Tfh and Treg cells promotes IgG4 
synthesis and fibrosis [46,47]. Massive infiltration by 
inflammatory cells with the formation of lymphoid follicles 
leads to enlargement of the affected organs and results in their 
dysfunction [48]. 

 IgG4-RD has been also related to genetic factors. Several 
studies report an association between human leukocyte antigen 
(HLA) genes and non-HLA genes and incidence or relapse of 
IgG4-RD [49,50]. Interestingly, reduced expression of innate 

immunity-related genes may participate in the pathogenesis 
of IgG4-RD [51].

Finally, a subset of cases of IgG4-RD may be associated 
with a previous malignancy [52]. Potential explanations 
include shared risk factors for both IgG4-RD and cancer, 
cancer-induced autoantigen expression leading to IgG4-RD, 
and an increased risk of IgG4-RD resulting from cancer 
treatment [52]. 

Clinical Manifestations of IgG4-Related 
Disease

IgG4-RD is often a subacute condition that can affect 1 or 
more organs to produce inflammatory masses or diffuse 
enlargement [1,27,53,54]; therefore, it usually manifests as 
tumors or swelling with variable periods of remission and 
reactivation. More than half of patients have 2 or more organs 
affected [55]. Accordingly, clinical expression of IgG4-RD is 
quite variable, depending on the main affected organ (Table 1). 
The disease may be asymptomatic or produce constitutional 
syndrome with no fever [1,27,54], especially in cases of 
extensive multiorgan involvement. IgG4-RD has a strong 
predilection for certain organs [12].

The pancreas is the most commonly affected organ in 
IgG4-RD [7]. Around 4%-6% of cases of chronic pancreatitis 
are associated with the disease [56]. IgG4-RD could be 
misdiagnosed as pancreatic cancer presenting as a pancreatic 
mass with painless obstructive jaundice [57] (Figure 2). Up to 
70% of patients with pancreatic involvement have sclerosing 
cholangitis, which manifests clinically as obstructive jaundice, 
weight loss, and mild abdominal discomfort [53]. 

Salivary or lachrymal gland involvement is common in 
IgG4-RD [7,55]. Subacute enlargement of submandibular 
and/or parotid glands, sometimes with sicca symptoms [7] 

Figure 2. Ultrasound images corresponding to a 15-year-old male 
presenting with extrahepatic obstructive jaundice. He had been diagnosed 
with rhinoconjunctivitis and bronchial asthma with IgE-mediated 
sensitization to pollens and mites. A, Standard abdominal ultrasound 
showing a 32 cm hypoechoic mass in the head of the pancreas. B, 
Endoscopic ultrasound confirming the heterogeneous pancreatic mass; 
elastography for evaluation of stiffness reveals a hard (predominantly 
blue) pattern with a strain ratio >10. Serum IgG4 was 147 mg/dL, and 
serum IgE was 59 U/L. Autoimmune pancreatitis in this case could be 
classified as focal according to the criteria of Vlachou et al [58]. The 
pancreatic lesion and obstructive jaundice gradually resolved with 
corticosteroids. 
Original images from Complejo Hospitalario Universitario de Santiago, 
Santiago de Compostela, Spain. Written informed consent was provided 
by the patient for their publication in medical journals.
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(previously known as Küttner tumor [4]), is frequent. Lacrimal 
gland involvement often produces dacryoadenitis, with painless 
swelling of the area and prominence of the affected eye [59]. 
Involvement of both salivary and lacrimal glands is known as 
Mikulicz syndrome [4,60]. The orbital fat, extraocular muscles, 
and trigeminal nerve [60] can also be affected, and patients may 
present with eyelid swelling or mass effect [60]. In fact, the 
most frequent manifestation of IgG4-RD in children (44%) is 
the orbital variant of the disease [14]. 

Retroperitoneal fibrosis is one of the most frequent forms 
of IgG4-RD in some Western countries, such as Spain [55,61], 
and a high percentage of idiopathic retroperitoneal fibrosis is 
likely to be IgG4-RD [62,63]. Fibrosis typically encompasses 

the aorta, iliac arteries, and ureters, sometimes causing 
obstructive renal failure [7,62,63] (Figure 3). Sclerosing 
mesenteritis may also be recorded [7]. Periaortitis/periarteritis 
is common [62,64], especially at the infrarenal segment of the 
abdominal aorta, and is reported to be present in 10%-30% of 
overall IgG4-related disease [64].

IgG4-RD affecting the thorax may induce cough, dyspnea, 
chest pain, pleurisy, and bloody sputum/hemoptysis [65,66] 
(Figure 4). It can mimic pneumonia, or present with interstitial 
pneumonitis, bronchial thickening, bronchiectasis, interstitial 
involvement (ground-glass opacities, honeycombing pattern), 
nodules, lung tumors, and pleural thickening or tumor [53,65]. 

The most common clinical presentation of IgG4-RD in 
the kidney is tubulointerstitial nephritis [67]. IgG4-related 
membranous nephropathy or glomerulonephritis may occur, 
although these conditions are much more infrequent [68]. 

Figure 3. Clinical images corresponding to a 78-year-old man presenting 
with signs of bilateral obstructive uropathy. A double-J stent was 
placed in both urinary tracts to resolve obstruction. A, Computed 
tomography (CT) scan showing a mass surrounding the aorta (arrows) 
and involving both ureters. B, Four months after corticosteroid therapy 
(prednisone, 1 mg/kg in tapering doses) the periaortic mass had nearly 
disappeared in the CT scan. C, Positron emission tomography (PET) with 
fluorodeoxyglucose showing an area of hypermetabolism (arrows) that 
corresponds to the perivascular inflammatory disease. D, Four months 
after corticosteroid therapy (prednisone, 1 mg/kg in tapering doses) the 
area of hypermetabolism had resolved in the PET. Bottom: Serum IgG4 
concentrations at baseline and at the fourth month of therapy. The dotted 
line represents the threshold criterion for IgG4-related disease. Four years 
after the initial diagnosis, the patient is asymptomatic under a minimal 
corticosteroid dose. Serum IgG4 increased again (to a lesser extent), 
although recurrence was not observed on the CT scan.
Original images from Complejo Hospitalario Universitario de Santiago, 
Santiago de Compostela, Spain. Written informed consent was provided 
by the patient for their publication in medical journals.

Figure 4. Clinical images corresponding to a 36-year-old woman 
presenting with right Horner syndrome (miosis and palpebral 
ptosis) and cough. A, Computed tomography (CT) scan showing a 
cervicothoracic mass (arrows). B, Three months after corticosteroid 
therapy (prednisone, 30 mg/d in tapering doses), the mass had 
nearly disappeared in the CT scan. C, Positron emission tomography 
(PET) with fluorodeoxyglucose showing an area of hypermetabolism 
(arrows) that corresponds to the cervicothoracic mass. D, Three months 
after corticosteroid therapy (prednisone, 30 mg/d in tapering doses), 
the area of hypermetabolism had resolved in the PET. Bottom: Biopsy 
of the cervicothoracic mass. E, Hematoxylin-eosin staining showing 
extensive fibrosis and moderated infiltration by mononuclear cells. 
F, Immunohistochemistry showing IgG4-positivity of lymphoid cells. 
Five years after the initial diagnosis, the patient is asymptomatic with 
no therapy and no evidence of recurrence. 
Original images from Complejo Hospitalario Universitario de Santiago, 
Santiago de Compostela, Spain. Written informed consent was provided 
by the patient for their publication in medical journals.
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Lymphadenopathy has been reported in 26%-49% of 
patients with systemic presentations of IgG4-RD [7,69]. 
Enlarged lymph nodes can be located in the same regions 
where IgG4-related extranodal disease is present, or in different 
regions and may also be the initial or only manifestation [70].

Finally, IgG4-RD may affect virtually any organ, including 
the thyroid (Riedel thyroiditis [71] and the fibrous variant of 
Hashimoto thyroiditis [72]), meninges [73], hypophysis [74], 
nose and sinuses [75], esophagus [76], mediastinum [77], 
pericardium [78], breast [79], prostate [80], skin [81], and 
others (Table 1).

The ACR/EULAR IgG4-RD Classification Criteria 
Committee has proposed 4 clinical phenotype groups [16] 
(Table 2).

Laboratory Features of IgG4-Related 
Disease

Routine Laboratory Determinations

Routine laboratory findings are not specific for IgG4-
RD. One third of patients with IgG4-RD have blood 
eosinophilia [27,32,82-85], positive antinuclear antibodies [27], 
and low complement levels [27]. Hypocomplementemia, with 
particularly low levels of serum C3 and C4 complement 
fractions, is more common in patients with IgG4-related kidney 
disease [86]. Serum acute phase reactants such as C-reactive 
protein and positive rheumatoid factor can be detected in 20% 
of patients [27]. Hypergammaglobulinemia due to increased 
total IgG is present in approximately 60% of patients [27], 
particularly in those with more extensive disease, and total 
serum IgE in approximately 30%-60% of patients with IgG4-
RD [27,32,82,83], or even more than 60% [84,85,87,88]. 
Baseline elevations in total serum IgG4, total serum IgE, and 
eosinophil count are important predictors of relapse [89,90]. 

Serum IgG4 Concentrations

Serum IgG4 concentrations are useful for diagnosis, prognosis, 
and monitoring of patients with IgG4-RD [89-91] (Figure 3). 
Most patients with IgG4-RD display serum IgG4 concentrations 
higher than 135 mg/dL, which is the generally accepted 
cut-off for diagnosis [3,92]. However, IgG4 measurements 
have some drawbacks for diagnosis. First, serum levels can 
vary depending on the method used for determination [93]. 
According to the manufacturer’s instructions of 2 commonly 
used commercial kits, normal reference IgG4 concentrations 

may be 3.9-86.4 mg/dL (5-95 percentile range, The Binding 
Site) or 3.0-201 mg/dL (2.5-97.5 percentile range, Siemens 
Diagnostic Solutions). Second, IgG4 concentrations may be 
falsely underestimated owing to the prozone effect that can occur 
with some nephelometry assays in the setting of high antigen 
excess [94]. Third, serum concentrations of IgG4 depend on 
demographics: they are higher in males than in females, decrease 
with age in adults [18], and are probably higher in Black and, 

Table 2. Clinical Phenotype Groups Proposed by the IgG4-RD Classification 
Criteria Committee of the American College of Rheumatology/European 
League Against Rheumatism [16]  

Group Affected Organs

1 Pancreato-hepato-biliary disease
2 Retroperitoneal fibrosis and/or aortitis
3 Head and neck-limited disease
4 Mikulicz syndrome with systemic involvement Table 3. Clinical Entities With Potentially Increased Serum IgG4 

Concentrations 

Clinical Entity  Patients With  
 Increased Serum  
 IgG4  

Eosinophilic granulomatosis with 70-71% [27,29] 
polyangiitis
Castleman disease 44% [27,29]
Allergic disease  42% [28]
Ankylosing spondylitis/psoriatic arthritis  40% [28]
Gastrointestinal malignancy  39% [28]
Lymphoma  34% [28]
Interstitial lung disease  33% [27]
Interstitial pneumonia 33% [29]
Rheumatoid arthritis  15-33% [27-29]
SAPHO syndrome 23% [101]
Biliary tract cancer/cholangiocarcinoma 6-21% [27-29]
Asthma 14-20% [27,29]
Non–IgG4-related pancreatitis  19% [28]
Sjögren syndrome  5-19% [27-29]
Pancreatic cancer  5-18% [27-29]
Malignancy (various)  16% [28]
Idiopathic neuropathy  15% [29]
Sarcoid-like disease  14% [29]
Systemic lupus erythematosus 8-14% [27-29]
Hypereosinophilic syndrome 13% [27,29]
Cholangitis  13% [28]
Microscopic polyangiitis  12% [29]
Behçet disease  10% [27]
Chronic pancreatitis  4-10% [27,29]
Acute pancreatitis  9% [29]
Liver cirrhosis  9% [27,29]
Autoimmune hepatitis  8% [29]
Systemic sclerosis  7% [27,29]
Intraductal papillary mucinous neoplasm  7% [29]
Ulcerative colitis  6% [29]
Chronic hepatitis 5% [27,29]
Benign pancreatic tumor  5% [29]
Other pancreatic abnormalities 4% [29]
Sarcoidosis  4% [29]
Healthy controls  1% [18,27,29]

217



IgG4-Related Disease and Allergy

J Investig Allergol Clin Immunol 2021; Vol. 31(3): 212-227© 2021 Esmon Publicidad
doi: 10.18176/jiaci.0633

more especially, Asian than White individuals [95]. Fourth, 
the diagnostic accuracy of serum IgG4 for IgG4-RD depends 
on how patients have been identified in each cohort [16,27]. 
When cases are detected based on biopsy findings, sensitivity 
drops to 50% [86]. When cases are detected based on elevated 
serum IgG4 levels, sensitivity is obviously higher [96]. Finally, 
the serum IgG4 cutoff value was established by focusing on 
patients with specific subsets of IgG4-RD, particularly with 
type 1 autoimmune pancreatitis [3]. The optimum cut-off value 
probably depends on the clinical presentation and the affected 
organ. Asian studies show optimal cut-off values of serum IgG4 
for the diagnosis of IgG4-RD higher than 135 mg/dL, namely, 
248 mg/dL, with sensitivity and specificity of 77.6% and 92.8%, 
respectively [28], and 210 mg/dL, with sensitivity and specificity 
of 94.7% and 91.6%, respectively [97].

High concentrations of IgG4 are correlated with a 
high degree of swelling in affected organs, multiorgan 
involvement, elevated acute phase reactants, symptoms, 
and Asian race [16,98-100]. High concentrations of IgG4 
in patients with active disease are also correlated with older 
age, higher IgG4-RD Responder Index score, more organs 
involved, lower complement levels, higher absolute eosinophil 
counts, and higher IgE levels [86]. Regarding specificity, 
IgG4 may also be increased in patients with other diseases 
(Table 3), although higher levels (>2-fold) have been useful 
for distinguishing IgG4-RD from cancer [102]. Some studies 
have investigated the diagnostic value of the IgG4/total IgG 
ratio for the diagnosis of IgG4-RD, and diagnostic thresholds 
higher than 8% or 11.4% have been proposed [96,97]. 
Nevertheless, the sensitivity and specificity of this criterion 
do not substantially improve the sensitivity and specificity of 
serum IgG4 concentrations [96,97]. 

Plasmablasts and Other Biomarkers 

Flow cytometry analysis of peripheral blood is used to 
measure circulating CD19+CD27+CD20–CD38hi plasmablasts, 
largely IgG4+ [103], which could correlate better with IgG4-
RD activity than serum IgG4 levels [99]. These plasmablasts 
are especially relevant in the initial phases of the disease and 
during outbreaks [99,103]. They could serve as a marker 
of activity, since elevation of blood plasmablasts coincides 
with outbreaks of the disease and drops drastically with 
effective treatment [103]. Therefore, serial measurements 
have been proposed as a possible longitudinal marker for 
monitoring activity in patients with IgG4-RD [27,86,99,104]. 
A plasmablast count of 900/mL is reported to have a sensitivity 
value of 95%, a specificity of 82%, a positive predictive value 
of 86%, and a negative predictive value of 97% [99]. Other 
promising tools for the diagnosis and monitoring of IgG4-RD 
include dominant IgG4+ B‐cell receptor clones [105], the blood 
IgG4/IgG RNA ratio measured by quantitative polymerase 
chain reaction [105], and circulating PD1+ Tfh2 cells [106].

Imaging Features of IgG4-Related 
Disease

Incidental findings on radiologic studies performed 
for different reasons are quite common in IgG4‐RD [11]. 

Nonspecific tumors and enlarged organs are frequent, 
and location depends on the organ affected. The imaging 
features are generally nonspecific and do not enable reliable 
distinctions between IgG4-related disease and cancer [1]. On 
computed tomography (CT) scans, the lesions usually display 
homogeneous attenuation and enlargement of the organ; on 
magnetic resonance imaging (MRI), they display relatively low 
signal intensity on T2-weighted images owing to fibrosis [107]. 

Pancreas 

Imaging reveals focal, multifocal, or diffuse pancreatic 
enlargement [58]. CT scan and MRI can show a diffusely 
enlarged pancreas with loss of lobular contours and loss of 
surface clefts surrounded by a sausage-shaped peripancreatic 
halo [58]. The focal pattern usually affects the pancreatic 
head and mimics pancreatic adenocarcinoma [58] (Figure 2). 
Intra- and extrahepatic bile ducts are commonly affected, 
leading to prestenotic expansion [108]. While the condition 
can be confused with primary sclerosing cholangitis, the latter 
progresses more slowly, with involvement of multifocal short 
sections and a “pruned tree” appearance [108].

Lungs 

Four different subtypes can be identified, as follows: 
(a) solid nodular type, ie, a solitary nodular or mass lesion 
(Figure 4); (b) multiple round-shaped ground-glass opacity; 
(c) alveolar interstitial type showing honeycombing, 
bronchiectasis, and diffuse ground-glass opacities; and (d) 
bronchovascular type showing thickening of bronchovascular 
bundles and interlobular septa [66].

Kidneys 

Five different patterns have been identified, with bilateral 
round or wedge-shaped peripheral cortical lesions being the 
most common, although other possible imaging findings 
include diffuse patchy involvement, a rim of soft tissue around 
the kidney, bilateral nodules in the renal sinuses, and diffuse 
wall thickening in the renal pelvis [107,109].

Retroperitoneum 

Fibrosis, which frequently surrounds the abdominal aorta 
and iliac arteries (typically in the vicinity of atherosclerotic 
plaques) over the anterior surface of the fourth and fifth 
lumbar vertebrae, may result in entrapment and obstruction 
of retroperitoneal structures, particularly the ureters [62,63] 
(Figure 3). In sclerosing mesenteritis, the preservation of fat 
around the mesenteric vessels helps distinguish neoplastic 
processes. This characteristic is known as the fat ring sign [110]. 

Although ultrasound, CT scan, and MRI are helpful 
techniques for evaluation of IgG4-RD, positron emission 
tomography (PET; and PET/CT) plays a major role in 
the initial diagnosis and follow-up, enabling disease 
activity to be monitored after treatment and during long-
term surveillance [111,112] (Figures 3 and 4). Functional 
imaging with 18-fluorodeoxyglucose PET is highly effective 
in establishing the extent of the disease and should be 
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considered a baseline evaluation in all patients at the time of 
initial diagnosis [111]. PET/CT has a sensitivity of 86% and 
specificity of 66% for diagnosing IgG4-RD [113].  

Histopathological Features of  
IgG4-Related Disease

The 3 major histopathological features associated with 
IgG4-related disease are (a) a dense lymphoplasmacytic 
infiltrate, (b) a storiform pattern of fibrosis, and (c) obliterative 
phlebitis [10] (Table 4). Tissue counts of IgG4-positive cells 
and IgG4+/IgG+ ratios are secondary in importance [10]. 
The criteria used to consider the presence of these plasma 
cells as diagnostic vary from one organ to another (Table 4). 
Given the patchy distribution of IgG4-positive cells, counting 
areas of intense IgG4 focus (“hot spots”) might be more 
representative [10]. For that reason, 3 high-power fields should 
be analyzed, and the average number of IgG4-positive plasma 
cells and the IgG4-to-IgG ratio should be calculated [10]. 

Diagnosis of IgG4-Related Disease

The most accurate assessment of IgG4-RD is based on a 
full clinical history, physical examination, selected laboratory 

investigations, and appropriate imaging studies [11]. It is 
accepted that confirmation of IgG4-RD needs tissue biopsy 
for exclusion of malignancy and other entities that can mimic 
IgG4-RD [11].

Several scientific societies have proposed diagnostic 
criteria for specific organ disease, particularly for autoimmune 
pancreatitis, sclerosing cholangitis, Mikulicz disease, IgG4-
related tubulointerstitial nephritis, kidney disease, ophthalmic 
disease, respiratory disease, and periaortic/periarterial and 
retroperitoneal disease. However, comprehensive diagnostic 
criteria for IgG4-RD were proposed by Umehara et al [92] 
(Table 5) and validated in a cohort of 48 cases with IgG4-RD 
as the final diagnosis and 5 cases in which IgG4-RD was ruled 
out, with high sensitivity and specificity (97.9% and 80.0%, 
respectively) [114]. 

The 2019 ACR/EULAR Classification Criteria for IgG4-
Related Disease [12] were designed to identify homogeneous 
groups of patients for inclusion in research studies, although 
they are very useful for diagnosis of IgG4-RD in patients with 
typical organ involvement. Neither biopsy nor elevated serum 
IgG4 level is indispensable [12]. A case meets the classification 
criteria for IgG4-RD if at least 1 of the 2 entry criteria are met, 
namely, (1) characteristic clinical or radiologic involvement 
of a typical organ (pachymeninges, lacrimal glands, orbits, 
major salivary glands, thyroid, lung, aorta, bile ducts, pancreas, 
kidney, and retroperitoneum) or (2) pathologic evidence of an 

Criteria
Histopathological features Quantitative assessment of IgG4 stain

Three major histopathological features:
– Dense lymphoplasmacytic infiltrate
– Fibrosis, arranged at least focally in a storiform pattern
– Obliterative phlebitis

Other histopathological features: 
– Phlebitis without obliteration of the lumen
– Increased numbers of eosinophils

Infiltrates of IgG4+ plasma cells/hpf
– >10 meninges, liver (b), bile duct (b), pancreas (b), kidney (b)
– >20 lung (b)
– >30 kidney (sp), retroperitoneum 
– >50 lung (sp), pleura, aorta, liver (sp), bile duct (sp),  
 pancreas (sp), lymph node
– >100 lacrimal gland, salivary gland
– >200 skin

IgG4+/IgG+ cell ratio >40%b

Proposed diagnostic terminology for IgG4-related disease
Histologically highly suggestive of IgG4-related diseasec 2 of the 3 major histopathological features

+
IgG4+ plasma cells >10-200 and ratio >40%b

Histologically probable IgG4-related disease These cases either lack the full histological spectrum associated 
with IgG4-related disease or the immunohistochemical profile 
of IgG4-related disease. This category is also applied to organs 
where the concept of IgG4-related disease is not completely 
established

Insufficient histopathological evidence of IgG4-related disease Cases outside the other 2 categories described

Table 4. Consensus Statement on the Pathology of IgG4-Related Disease [10]a  

aIt should be noted that there are no pathognomonic signs and there are no universally accepted diagnostic criteria for the entire spectrum of IgG4-
related disease. Correlation with clinical data is of foremost importance [10]. In the lacrimal gland, both storiform fibrosis and obliterative phlebitis 
may be absent [10]. Thus, 1 histological feature compatible with IgG4-related disease might suffice for the diagnosis of dacryoadenitis [10]. Additional 
exceptions are lymph nodes, the lung, and the oral mucosa [10].
bIt has been proposed that a cell ratio >50% should be the minimum criterion in aortic specimens [10].
cApplicable to the following specimens: lacrimal gland, salivary gland, lung (sp), pleura, aorta, liver (sp), bile duct (sp), pancreas, kidney, retroperitoneum.
Abbreviations: b, biopsy; hpf, high-power field (400); sp, surgical specimen.

219



IgG4-Related Disease and Allergy

J Investig Allergol Clin Immunol 2021; Vol. 31(3): 212-227© 2021 Esmon Publicidad
doi: 10.18176/jiaci.0633

ratio >40% is not frequently present in entities other than IgG4-
RD [10]. Diagnosis is based on a proper clinicopathologic 
correlation performed by clinicians and pathologists after 
reviewing and discussing the patient's clinical features and 
histopathology findings [11].

Treatment and Management of  
IgG4-Related Disease 

Treatment is recommended in most cases, despite the 
possible spontaneous remission, because of potential irreversible 
damage to some organs [11]. Systemic corticosteroids are the 
treatment of choice for inducing remission [11]. The dose should 
be adjusted to body weight and depends on the location and 
severity of the disease [11]. The most common schedule consists 
of prednisone (or equivalent) at an initial dose of 0.4 to 0.7 or 
even 1 mg/kg/d in some cases; 0.6 mg/kg/d of prednisolone 
improves disease course in more than 90% of patients [115]. 
In patients with acute kidney failure, imminent threat to vision, 
substantial neurological risk from an active IgG4-RD lesion, 
or other dangerous situations, a pulse of methylprednisolone 
therapy in doses ranging from 100-1000 mg/d for 3 days may 
be recommended [116]. Endoscopy or surgery is necessary 
in some cases. However, surgery alone does not seem to be a 
viable treatment for IgG4-RD [117].

Maintenance therapy often includes corticosteroids for 
3-6 months with tapering doses after 2-4 weeks [11]. Prolonged 
maintenance therapy with oral prednisone at a dose of 2.5-
5 mg/d may be considered if there is a substantial risk of 
relapse [11]. A fast reduction (>0.4 mg/d) in the early treatment 
of IgG4-RD was associated with increased risk of relapse [118].

Inconsistent results have been reported for some 
immunosuppressive agents. Yunyun et al [119] performed 
a randomized clinical trial to investigate the efficacy of 
prednisone/prednisolone 0.6-0.8 mg/kg/d for 1 month and 
tapered gradually compared to the same corticosteroid pattern 
combined with mycophenolate mofetil 1-1.5 g/d for 6 months 
and then decreased to 0.5-1.0 g/d. The cumulative relapse 
rate after 1 year of therapy was lower in the combination 
group (21% vs 40%, P=.059), with no differences in adverse 
reactions [119]. A nonrandomized trial evaluated the efficacy of 
prednisone 0.5-1.0 mg/kg/d for 1 month, decreased 5 mg every 
2 weeks, maintained at 5-10 mg/d for 12 months, compared 
with the same prednisone pattern, and cyclophosphamide 50-
100 mg/d for 3 months, reduced to 50 mg per day or every 
other day for 12 months [120]. After 1 year, relapses were 
38.5% in the first group and 12% in the second group [120]. 
Another cohort study [121] showed lower cumulative relapse 
rates and lower corticosteroid dosage in patients treated with 
corticosteroid plus corticosteroid-sparing immunosuppressants 
than in patients treated with corticosteroids alone. These 
results support the use of immunosuppressive agents in 
patients who are more likely to relapse or who need long-term 
corticosteroid therapy [11], as well as in some patients who 
have obesity, glucose intolerance, diabetes, hypertension, 
osteoporosis, and other relative contraindications to prolonged 
courses of corticosteroids [116]. A recent network meta-
analysis showed that treatment with corticosteroids and 

aThe table summarizes the article Comprehensive diagnostic criteria 
for IgG4-related disease (IgG4-RD), 2011 [92]. The comprehensive 
diagnostic criteria comprise the minimum consensus necessary to aid 
general practitioners and other nonspecialist physicians in the clinical 
diagnosis of IgG4-RD [92]. In patients without a definitive diagnosis 
of IgG4-RD according to the comprehensive diagnostic criteria, 
organ-specific criteria for IgG4-RD should be applied [92]. The clinical-
pathological correlation is of the utmost importance, including the 
differentiation between malignant tumors of each organ and diseases 
that may resemble IgG4-RD (eg, Sjögren syndrome, primary sclerosing 
cholangitis, Castleman disease, secondary retroperitoneal fibrosis, 
Wegener granulomatosis, sarcoidosis, and Churg-Strauss syndrome) [92].
Abbreviation: hpf, high-power field (400).

Table 5. Comprehensive Diagnostic Criteria for IgG4-Related Disease [92]a   

Diagnostic Criteria

Clinical Diffuse/localized swelling or masses  
 in single or multiple organs
Hematological Elevated serum IgG4 concentrations  
 (135 mg/dL)
Histopathological – Marked lymphocyte and plasmacyte  
  infiltration and fibrosis 
 – Infiltration of IgG4+ plasma cells:  
  ratio of IgG4+/IgG+ cells >40% and  
  >10 IgG4+ plasma cells/hpf 
Proposed Diagnostic Terminology for IgG4-Related Disease
Definite Clinical + hematological +  
 histopathological
Probable Clinical + histopathological
Possible Clinical + hematological

inflammatory process accompanied by a lymphoplasmacytic 
infiltrate of uncertain etiology in one of these same organs. 
In addition, no exclusion criteria can be present, and the 
total points for the inclusion criteria must be 20 [12]. The 
criteria were validated in 2 cohorts of 908 and 485 patients 
with IgG4-RD or mimickers. The sensitivity and specificity 
were 85.5% and 99.2% in the first cohort and 82% and 97.8% 
in the second cohort [12].

Differential Diagnosis of IgG4-Related 
Disease

The main differential diagnosis for IgG4-RD is with cancer, 
particularly when IgG4-RD presents as a single inflammatory 
tumor. Multifocal IgG4-RD may also mimic a metastatic 
neoplasm. Multiple types of cancer and other diseases (eg, 
eosinophilic granulomatosis with polyangiitis, Castleman 
disease, allergic disease, rheumatoid arthritis, systemic 
lupus erythematosus, interstitial lung disease, and Sjögren 
syndrome) may exhibit high serum IgG4 levels [27-29,101] 
(Table 3) and/or increased numbers of IgG4+ plasma cells in 
tissue [11,27,29,30] (Table 6).

However, the constellation of key histological features 
(dense lymphoplasmacytic infiltrate, storiform pattern of 
fibrosis, and obliterative phlebitis) with an IgG4+/IgG+ cell 
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immunosuppressive agents was associated with a lower relapse 
rate than corticosteroids alone and a higher remission rate 
than those given corticosteroids, immunosuppressive agents 
in monotherapy, or rituximab induction therapy only [122].

Rituximab, an anti-CD20 biologic agent, has been proposed 
as an option whenever corticosteroids or immunosuppressive 
agents are unsuccessful [43,123,124]. It could also be a first-
line treatment in specific situations. An uncontrolled trial 
of 30 patients treated with rituximab (2 intravenous doses 
of 1 g separated by 15 days) showed improvement in 97% 
of patients (47% complete remission) at 6 months [125]. In 
another retrospective multicenter study of 33 patients, clinical 
relapse–free survival was 21 months in those treated with a 
single course of rituximab and 41 months in those treated 
with a systematic maintenance retreatment [126]. Rituximab 
can be used as maintenance therapy. A recent meta-analysis 
showed its efficacy in reducing the relapse rate compared 
with corticosteroids and immunosuppressive agents [122]. 
However, the optimal frequency and duration of the treatment 
remain unknown. Additional biological drugs such as 
infliximab [127] and abatacept have been used successfully 
in a very small number of cases of IgG4-RD. 

The IgG4-RD Responder Index was designed, updated, and 
validated to measure involvement, extent, and progress of the 
disease [128,129]. In the case of relapse or new outbreaks of 
IgG4-RD, the first option is to retreat with corticosteroids and 
evaluate the use of corticosteroid-sparing immunosuppressive 
agents or rituximab [11].

Prognosis of IgG4-Related Disease

Given that IgG4-RD was first described relatively 
recently [2], its natural history is not completely known. 
Inflammation and fibrosis are responsible for the morbidity 
and mortality of the disease, particularly when vital organs 
are affected, as in pancreatitis, kidney failure, ruptured 
aneurysm, and meningitis [130]. The risk of recurrence 
or relapse is high. Without ongoing maintenance therapy, 
between 30% and 60% of patients relapse within 3-6 months 
of discontinuing corticosteroid monotherapy [131,132]. In 
patients treated with rituximab, the rate of relapse is 0.39 
per person-year [89]. However, other studies have shown 
lower rates of relapse. Predictors of relapse in IgG4-RD 
are high baseline values of IgG4, IgE, and total eosinophil 
count [89,90,121]. Furthermore, for each of these predictors, 
the higher the baseline value, the greater the risk of relapse 
and the shorter the time to relapse [89]. However, the use 
of serum IgG4 concentrations in the longitudinal care of 
patients is an imperfect means of determining the presence 
of relapse [89,91,133]. Blood plasmablast levels appear to be 
more useful for that purpose [99,103,104]. Other predictors 
of relapse include involvement of more organs, higher IgG4 
Responder Index scores, history of allergy, complete drug 
withdrawal, low corticosteroid maintenance dosage [121], 
and increased circulating memory B cells after 6 months of 
corticosteroid treatment [134].

IgG4-RD may be associated with other diseases. 
The potential association between IgG4-RD and cancer 
is controversial; some studies have suggested such a 

Table 6. Clinical Entities With Potentially Increased Tissue IgG4+ Plasma 
Cell Counts  

Disease Group Clinical Entities

Systemic Rheumatoid arthritis [27,29] 
diseases Sjögren syndrome [11,29] 
 Systemic sclerosis [29] 
 Sarcoidosis/sarcoid-like disease [11,29] 
 Histiocytosis (Rosai-Dorfman disease,  
 Erdheim-Chester disease) [11,27,29]
Vasculitis Eosinophilic granulomatous with polyangiitis 
 (Churg-Strauss disease) [11,27,29] 
 Granulomatosis with polyangiitis  
 (Wegener disease) [11,27,29] 
 Microscopic polyangiitis [11,29] 
 Hypocomplementemic urticarial vasculitis [27] 
 Aortitis caused by chronic  
 Staphylococcus aureus infection [27]
Hematological  Lymphomas: follicular [11,27],  
malignancies lymphoplasmacytic [11],  
and diseases angioimmunoblastic [27], MALT [29], 
 extranodal marginal zone [11,27] 
  Castleman disease [11,27,29] 
 Plasmacytosis [29] 
 Follicular hyperplasia (lymph node) [29] 
 Kimura disease [29]
Solid-organ Adenocarcinoma (peritumoral  
neoplasms infiltrate/mixed) [11,29] 
 Squamous cell carcinoma (peritumoral  
 infiltrate/mixed) [11,29] 
 Pancreatic cancer [27,29] 
 Cholangiocarcinoma [29] 
 Lung cancer [27] 
 Sarcoma [27]
Benign tumors Inflammatory myofibroblastic tumor [11] 
 Splenic sclerosing angiomatoid nodular  
 transformation [11] 
 Xanthogranuloma [11]
Infections  Pulmonary abscess [27] 
 Epstein-Barr virus-related lymphadenopathy [27] 
 Infectious mastoiditis [30] 
 Rhinosinusitis/chronic sinusitis [11,29]
Digestive Plasma-cell hepatitis (allograft-related  
diseases autoimmune hepatitis) [29] 
 Autoimmune hepatitis [29] 
 Primary sclerosing cholangitis [11] 
 Obstructive pancreatitis [29] 
 Chronic pancreatitis [29] 
 Inflammatory bowel disease [11,27,29] 
 Diverticulitis [27,29]
Oral diseases Radicular cysts [29] 
 Epulis plasmacellularis [29] 
 Oral lichen ruber [29] 
 Chronic tonsillitis [29]
Skin diseases Cutaneous plasmacytosis [11] 
 Perforating collagenosis [11]
Ophthalmic Chalazion [29] 
diseases Nonspecific orbital inflammatory disease [29]
Miscellaneous Nonspecific synovitis [29] 
 Kidney allograft rejection [29] 
 Idiopathic neuropathy [29]

Abbreviation: MALT, mucosa-associated lymphoid tissue.
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relationship [52,130,135-137], whereas others have 
not [138,139]. An association between Ig4-RD and cerebral 
aneurysms has also been described [139]. Some data suggest 
that morbidity and all-cause mortality among patients with 
IgG4-RD is higher than expected [130], whereas others do 
not [139].

IgG4-Related Disease and Allergy 

The relationship between IgG4-RD and allergy is both 
intriguing and controversial. Allergic diseases and IgG4-
RD have many features in common, including (see above) 
activation of TH2 cells, increased TH2 cytokines [35], increased 
serum IgE concentrations, blood and tissue eosinophilia, 
mast-cell infiltration and activation, and elevation of serum 
IgG4 itself.

Serum IgE concentrations are significantly higher 
among patients with IgG4-RD than in healthy controls [82]. 
Increased serum IgE concentrations can be observed in 
one- to two-thirds of patients with IgG4-RD [27,32,82-84] 
and sometimes in an even greater proportion [85,87,88]. 
Moreover, serum IgE concentrations may have diagnostic 
value for IgG4-RD. In their study comparing 48 patients 
with IgG4-RD and 42 controls with various diseases and 
elevated serum IgG4, Culver et al [82] found that IgE 
>480 kU/L at diagnosis distinguished patients with IgG4-RD 
from controls with 86% specificity, 36% sensitivity, and a 
likelihood ratio of 3.2. Serum IgE may also represent a useful 
serological marker in distinguishing IgG4 retroperitoneal 
fibrosis from idiopathic retroperitoneal fibrosis [140]. Serum 
IgE concentrations tend to decrease in parallel with serum 
IgG4 concentrations shortly after therapy in patients with 
IgG4-RD, both with corticosteroids [82] and with rituximab 
[89,141]. Furthermore, increased serum IgE concentrations 
may add prognostic value in patients with IgG4-RD [82,89]. 
A serum IgE level >380 kU/L at diagnosis identified patients 
whose disease relapsed after therapy with 88% specificity, 
64% sensitivity, and a likelihood ratio of 5.4, thus defining 
a subset of patients requiring careful follow-up [82]. A study 
of IgG4-related kidney disease identified serum IgE level as 
a risk factor for renal atrophy [142].

Peripheral blood eosinophil count is higher in patients 
with IgG4-RD than in healthy controls [82], and peripheral 
eosinophilia is present in around 20%-40% of patients with 
IgG4-RD [27,32,82-85,143]. Tissue eosinophilia is also 
present in up to 51%-86% of samples of patients with IgG4-
RD [27,82]. Circulating levels of eosinophils are associated 
with [143] male predominance, increased prevalence of 
dacryoadenitis, sialadenitis, lymphadenopathy, skin rash, 
greater organ involvement, higher peripheral white blood 
cell count, erythrocyte sedimentation rate, and serum IgG, 
IgG1, IgG3, IgG4, IgG4/IgG ratio, and IgE, while lower 
levels of serum IgG2, IgA and C4, as well as a higher IgG4-
RD Responder Index, longer disease duration, and [89,143] 
increased risk of relapse. However, they are not associated 
with the incidence of allergic disease [143]. In addition, 
IgE-positive mast cells are present in at least 50% of tissue 
samples and further indicate an IgE-mediated response in 
IgG4-RD [82,144]. 

The frequency of allergic disease among patients with 
IgG4-RD is not entirely known.  Comparison of the prevalence 
of allergy between studies is limited by the lack of uniform 
definitions for allergic disease and atopy. In the comprehensive 
study of Culver et al [82], allergic sensitization to aeroallergens 
(as revealed by positive specific IgE to a mixture of 
aeroallergens) was present in 52% (25/48) of patients with 
IgG4-RD. Moreover, 40% of patients with IgG4-RD were 
strictly classified as atopic, because they also had respiratory 
symptoms. Furthermore, a clinical history of allergic disease 
was significantly more common among patients with IgG4-RD 
than in healthy controls [82], as has been suggested in several 
studies showing a 30%-40% prevalence of allergy among 
patients with IgG4-RD [32,33,145,146]. Other studies showed 
an even greater prevalence [85,88,147,148]. Intriguingly, allergic 
disease is more common among patients with IgG4-RD and 
upper body organ involvement [145], especially the salivary 
gland, but also ear, nose, and throat disease [85,148,149], 
which could point to a food or inhalant allergen as a trigger, 
particularly considering that most of these patients have 
respiratory allergy [148]. IgG4-RD is associated with a 
polyclonal IgG4 response to multiple food antigens [26,150], 
although IgG4-RD was not associated with the presence of 
specific IgE. However, studies of allergic sensitization in this 
setting are scarce [82], and, to the best of our knowledge, no 
studies of allergic sensitization, as defined by positivity to a 
panel of skin prick tests, have been performed in IgG4-RD.

Taken together, the above-mentioned features could 
indicate a role for allergic responses in the pathogenesis of 
IgG4-RD. However, accurate analysis of circulating T-cell 
subsets has led to conflicting results and revealed expansion 
of TH2 memory CD4+ T cells only in IgG4-RD patients with a 
concomitant history of atopy [33]. Of note, eosinophilia and 
elevated IgE have also been observed in IgG4-RD patients 
with and without allergic disease [32,82,84,85,87,140] and are 
probably induced by processes inherent to IgG4-RD itself (eg, 
TH2 cytokines, such as IL-4 and IL-5) rather than allergy per 
se [32,82,140]. This could indicate that TH2-related features 
are an epiphenomenon of TH2 activation that is not allergy-
mediated [33]. An intriguing alternative hypothesis is that 
IgG4-RD could represent a late stage of allergic disease. Of 
note, allergic disease (particularly atopy-related disease) is 
common in the young, whereas IgG4-RD is more common in 
older adults. Indeed, the profile of increased serum IgG4 and 
enhanced regulatory cytokines (IL-10 and TGF-ß) resembles 
the immune status that develops after immunotherapy for 
allergic diseases. Future studies are needed to evaluate the 
prevalence of positive skin prick test results in patients with 
IgG4-RD. Moreover, future studies are needed to evaluate the 
potential incidence of IgG4-RD in cohorts of allergic patients 
with and without specific immunotherapy (Figure 2). 

Whatever the potential link between IgG4-RD and allergic 
disorders, the red flags that prompt the diagnosis of IgG4-RD 
should be taken into consideration [82]. A history of allergy or 
atopy, elevated serum IgE, and blood and tissue eosinophilia 
are hallmarks of IgG4-RD that are obviously common in 
patients attending allergy clinics. IgG4-RD should be suspected 
in patients with a history of unexplained swelling in 1 or more 
organs, particularly in corticosteroid-sensitive patients and in 
males in the sixth decade of life and beyond [82]. 
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