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Typical histopathological findings in IgG4-RD are 
characterized by the classic triad of diffuse lymphoplas-
macytic infiltration, obliterative phlebitis, and storiform 
fibrosis [1-8]. IgG4 is a distinct subclass with unique 
anti-inflammatory properties that help prevent auto-
immunity [1-3]. Thus, its role in the pathogenesis of 
IgG4-RD remains controversial [4]. Aside from humoral 
immunity, multiple pathophysiological mechanisms 
are implicated, including the Th2 pathway, eosinophils, 
cytotoxic cells, and regulatory cells, but the triggering 
event remains unknown [1-4]. 

The clinical presentation of IgG4-RD is highly vari-
able, ranging from incidental imaging abnormalities to 
end-organ failure [1-3,7,9]. The differential diagnosis 
is broad because the signs and symptoms are usu-
ally nonspecific; thus, cancer, infectious disease, and 

Introduction
Immunoglobulin G4 (IgG4)-related disease (IgG4-RD) 

is a systemic condition that can involve various organs 
[1]. First recognized in association with autoimmune 
pancreatitis, IgG4-RD is now understood to be a broader 
disease entity encompassing multiple organ systems [1]. 
The condition can present either localized or widespread 
organ involvement, often leading to misdiagnosis as 
malignancy, e.g., pancreatic cancer; infectious diseases, 
e.g., tuberculosis; or other autoimmune diseases, e.g., 
sarcoidosis and vasculitis [1,2,3]. 

Abstract
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infiltrative disorders should be considered during the 
investigationas as their management differs [1-3,7]. The 
typical diagnostic workup includes serology, imaging, 
and histopathology [1-9]. A multidisciplinary approach 
with proper clinical correlation is necessary for an ac-
curate diagnosis [2,3]. 

Treatment is necessary for the majority of patients, 
while regular follow-up is appropriate for patients with 
indolent, stable, and limited disease [1,7,9]. Corticoster-
oids are first-line agents, but non-steroidal immunosup-
pressants are reasonable in high-risk patients or for the 
management of a flare [1,2,7-9]. The long-term effect of 
biologic agents, such as rituximab, is promising [1,2,7-9]. 
Further research on the treatment strategies and novel 
agents is crucial for better outcomes. 

The structure and the function of the IgG4 antibody
Immunoglobulins are protective molecules of hu-

moral immunity, consisting of two heavy and two light 
chains. The chains of each pair are typically identical. 
There are two types of light chains (κ, λ) and five types 
of heavy chains (γ, α, δ, ε, μ) chains that are combined 
randomly. There are five classes of immunoglobulins; the 
type of heavy chain determines each class. The presence 
of the γ chain defines immunoglobulin G (IgG). Immuno-
globulin G4 (IgG4) is one of the four subclasses of IgG, 
representing less than 5% of the total IgG [1]. However, 
its prevalence is highly variable in the healthy popula-
tion. It has unique structural and functional properties 
that differentiate it from other IgG subclasses (Table 1). 

IgG4 physiologically suppresses the immune system 
through multiple mechanisms:
	 1.	The disulfide bonds between the heavy chains of 

IgG4 are weak, allowing them to dissociate. Moreo-
ver, IgG4 half-molecules consisting of a heavy and 
a light chain are formed and bind to other IgG4 
half-molecules randomly. Notably, the Fc portion 
of IgG4 interacts with other antibodies, especially 
IgG4, similarly to rheumatoid factor [1,3]. As a result, 
new antibodies with two different Fab regions are 
formed, each recognizing a different antigen. These 
antibodies are functionally monovalent with a re-
stricted ability to cross-link antigens, form immune 
complexes, and bind complement or Fcγ receptor 
(FcγR) [1,11]. This process is called fragment anti-
gen binding (Fab)-arm exchange and occurs in the 
endosomes of endothelial cells in the presence of 
reducing factors [2, 3].

	 2.	Unlike IgG1 and IgG3, which activate complement 
via the classical pathway, IgG4 has a lower affinity for 
C1q and Fcγ receptor (FcγR), explaining its minimal 
ability to activate complement, phagocytes, and 
cellular immunity [1,3]. Instead, it plays a role in 
dampening excessive immune responses and is 
often considered a marker of immune tolerance.

	 3.	IgG4 is produced in response to chronic antigen 
exposure, such as allergens or persistent infections 
[1]. T helper 2 (Th2) cells typically secrete interleukin 
4 (IL-4) and IL-13, leading to the production of IgE 
and IgG4 in the context of the Th2 pathway. How-

Table 1. Features of IgG subclasses.

Feature IgG1 IgG2 IgG3 IgG4

Relative abundance (% 
of total IgG in serum)

60 32 4 4 (highly variable)

Fc γ receptor binding +++ +/− +++ +/−

C1q binding ++ + +++ +/−

Hinge length (number 
of aminoacids) 15 12 Up to 62 12

Inter-heavy-chain 
disulfide bonds

2 4 11 (depending on allotype) 2

Fab-armex change No No No Yes

Fc glycosylation Yes Yes Yes Yes

Fab glycosylation Yes Yes Yes
Greater than other 

subclasses

IgG; Immunoglobulin G, Fab: Fragment antigen-binding, C1q: complement component 1q, Fc: Fragment crystallizable region.
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ever, more IgG4 is produced during a modified Th2 
response in which T regulatory (Treg) cells secrete 
inhibitory cytokines, such as IL-10 [1]. Thus, the ratio 
of IgG4/IgE increases in the presence of IL-10, IL-12, 
and IL-21 [1].

Pathology and pathophysiology
Despite its general anti-inflammatory properties, 

IgG4 is implicated in the pathogenesis of IgG4-RD due 
to the excessive production and tissue infiltration of 
IgG4-positive plasma cells [3]. It remains unclear whether 
IgG4 acts as a primary or secondary inducer of inflam-
mation in patients with IgG4-RD; it may also represent 
an innocent bystander or a decompensatory mechanism 
of inflammation [1,2,3]. Chronic immune stimulation, 
cytokine signaling (interleukin-4, interleukin-10, and 
transforming growth factor-β), and abnormal B and T 
cell activity seem to play a role [3] (Figure 1). The etiology 
of IgG4-RD may be multifactorial; genetics, infectious 
diseases, and autoimmunity may represent the initial 
stimuli of IgG4-RD [1]. 

IgG4-RD requires all the following histopathological 
findings: a) tissue infiltration by IgG4-positive plasma 
cells and lymphocytes, b) storiform (whorled) fibrosis 
patterns, and c) obliterative phlebitis, which is defined 
as inflammation leading to the occlusion of veins [1-7]. 
The lymphoplasmacytic infiltrate consists of plasma 

cells and T cells diffusely distributed in the area of in-
flammation, while B cells and plasma cells tend to form 
extranodal germinal centers [1,3]. IgG4-positive plasma 
cells typically predominate over other types of plasma 
cells, making up more than 50% of total plasma cells 
[1]. Notably, the cut-off value for IgG4-positive plasma 
cells in the visual field is organ-specific and ranges 
from 10 to 200, depending on the affected organ [1,2]. 
Polyclonality is a typical finding in the population of 
lymphocytes, but oligoclonal cases have been reported 
[1-4]. Tissue eosinophilia is a common histopathologi-
cal finding in the context of a Th2 response; extensive 
infiltration is observed in eosinophilic angiocentric 
fibrosis and eosinophilic cholangitis, resembling al-
lergic disorders and eosinophilic granulomatosis with 
polyangiitis [1-3,6,7]. Neutrophils and granulomas are 
atypical findings, although neutrophils are observed in 
lesions of the respiratory and gastrointestinal mucosa 
[1,6]. Fibrosis exhibits a patchy distribution with a radial 
arrangement of collagen fibers, a feature highly specific 
to IgG4-RD [2,3]. It should be noted that in advanced 
stages of IgG4-RD, fibrosis predominates over lymphop-
lasmacytic infiltrate, complicating the diagnosis and 
management [2,8]. Obliterative phlebitis presents as a 
lymphoplasmacytic infiltrate in the vascular wall, with-
out necrosis, that occludes the lumen of medium-sized 
veins; a similar pattern sometimes affects the arteries, 

Figure 1. The immune components of the IgG4-related disease.
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Figure 2. The pathogenesis of IgG4-related disease.

especially in the lungs and the pancreas [2,6,7]. The 
degree of obstruction is variable, but phlebitis without 
obstruction is also commonly observed [3,7].

The role of IgG4 in the pathogenesis of IgG4-RD is a 
controversial topic. As mentioned earlier, IgG4 normally 
causes immunosuppression; thus, its involvement in 
an immune attack against autoantigens is paradoxical 
[1-3]. The three main theories claim that a) IgG4 causes 
direct tissue injury, b) IgG4 has a neutral effect on tissue 
damage, and c) IgG4 protects the tissue from further 
damage [1-3]. According to the first theory, the initial 
inflammatory stimulus triggers the production of IgG4, 
resulting in the formation of toxic immune complexes 
[1,3]. According to the second theory, the initial inflam-
matory stimulus induces both the production of IgG4 
and the activation of immune cells that release profi-
brotic cytokines, which means that IgG4 is a byproduct 
of this disorder [1,3]. According to the third theory, 
IgG4 is overproduced as a compensatory mechanism 
to decrease the activity of the immune disorder [2,3]. 
The underlying cause of this controversy is the lack of 
knowledge about the initial inflammatory stimulus; 
hence, its relationship with the production of IgG4 is 
unknown [8]. Another cause is the lack of evidence 
regarding the degree of Fab-arm exchange in patients 
with IgG4-RD; thus, the ability of pathological IgG4 to 
form immune complexes, leading to tissue deposition 

and inflammation, is unclear [2]. 
A key component of IgG4-RD pathophysiology is the 

role of CD4+ cytotoxic T lymphocytes (CD4+ CTLs), which 
are believed to drive tissue inflammation and fibrosis [7] 
(Figure 2). Unlike in typical immune responses, where 
CD8+ cytotoxic cells play a significant role, IgG4-RD fea-
tures an unusual expansion of CD4+ CTLs that express 
cytotoxic molecules, such as granzyme B and perforin, 
comprising the majority of the CD4+ infiltrate [9,10]. It is 
important to note that the presence of CD4+ cytotoxic 
cells is associated with the accumulation of CD8+ CTLs 
in the inflammatory area, attributed to the release of 
self-peptides by the cytotoxic activity of CD4+ CTLs and 
their presentation on the surface of B cells [9,11]. These 
cells contribute to chronic tissue damage by inducing 
apoptosis of resident cells. Consequently, tissue repair 
is activated, promoting the activation of fibroblasts 
and enhancing collagen deposition, leading to fibrosis. 
As a result, the presence of CD4+ CTLs correlates with 
disease activity, and their decline indicates an adequate 
response to treatment; however, further investigation is 
necessary to clarify the association between the levels 
of CD8+ CTLs and disease activity [8,11].

Tregs and activated B cells play a role in disease 
modulation [8]. Generally, the function of Treg cells is 
impaired in autoimmune diseases, but this rule does 
not apply to IgG4-RD [1]. Although this is a controversial 
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topic, increased numbers of Tregs in the peripheral blood 
and the area of inflammation have been associated 
with the release of IL-5, IL-10, IL-13, and tumor growth 
factor-β (TGF-β), leading to increased production of IgG4 
and fibrosis, respectively [1,3,8]. In addition, activated 
Breg cells may contribute to the elevation of IL-10 and 
TGF-β, and their presence is associated with pancreatic 
involvement [1,3,4]. Of course, regulatory immune cells 
possibly represent a compensatory mechanism to con-
trol excessive immune activation against normal tissues. 
B cells are responsible for antigen presentation to CD4+ 
and perhaps CD8+ T cells and are precursors of IgG4+ 
plasma cells [2,8,11]. 

Although the transition from the inflammatory phase 
to the fibrotic phase is less clear, emerging research has 
also implicated the role of macrophage and fibroblast 
interactions in the development of progressive organ 
fibrosis [8]. Th2-skewed immune responses involving 
regulatory cells, along with cytokines such as IL-4, IL-5, 
IL-10, IL-13, interferon-γ (IFN-γ), and TGF-β, are thought 
to be essential for the activation of eosinophils, alterna-
tively activated macrophages, myofibroblasts, and fibro-
blasts [3,7,8]. However, the importance of Th2 cells in the 
pathogenesis of IgG4-RD has been questioned, as they 
represent a minority of the inflammatory infiltrate, and 
their elevation is especially linked with atopic disease, 
so further research is necessary [3,7,8,11,12]. It seems 
that innate immune cells, such as M2 macrophages, 
release cytokines that induce the deposition of fibrous 
tissue [8]. Interestingly, myofibroblasts and fibroblasts 
are involved in the active phase of the disease, while 
persistent activation of fibroblasts in the chronic phase 
leads to excessive collagen production, eventually lead-
ing to structural organ damage [3].

Clinicoradiological manifestations  
and differential diagnosis

IgG4-RD tends to affect middle-aged or elderly male 
patients; however, it depends on the affected organ 
and the nationality [1-3,7,8,13-16]. This observation 
contradicts the general rule that autoimmunity is more 
common in young female patients [1-3]. For example, 
significant male predominance has been reported in 
pancreatic, renal, and retroperitoneal disease, while head 
and neck involvement is equally distributed between 
the sexes [2,13,17,18]. 

IgG4-RD is typically presented as a subacute or 
chronic disease with nonspecific complaints or as an 
incidental finding in imaging or histopathological stud-

ies [1-3,7,9,19,20]. The clinical findings are usually related 
to the organs involved; signs and symptoms of acute 
illness or systemic inflammation are unlikely to occur 
[1-3,9]. Interestingly, fever is an exclusion criterion 
for IgG4-RD in contrast to other rheumatic diseases 
[9,16,19]. However, weight loss might occur, but this is 
probably a consequence of malabsorption in patients 
with long-standing pancreatic or biliary involvement 
[2,3,7,9,19,21]. The indolent course of the disease ex-
plains why most patients (~60%) at the time of diagnosis 
have already developed fibrosis and loss of function, 
which is partially irreversible [1,22]. The number of af-
fected organs is variable, and it may change over time 
[1,3]. Most patients present clinically evident illness of a 
single site, but further investigation commonly reveals 
asymptomatic involvement of other organs [1,19]. It 
should be noted that multisystem involvement can oc-
cur simultaneously or metachronously [1,3]. In addition, 
self-limited disease has been reported in a minority of 
patients [1,3]. Atopic diseases are commonly observed in 
patients with IgG4-RD, but their relationship is question-
able [1-4,7,19,23,24]. Although IgG4-RD can affect any 
organ, it is categorized into four main clinical patterns 
based on the organs involved and their epidemiological 
and pathological features, but there are many excep-
tions to this rule [4,8,19, 25] (Table 2). 

Regarding the abdominal manifestations, IgG4-RD is 
associated with type 1 autoimmune pancreatitis (type 1 
AIP), IgG4-RD sclerosing cholangitis, liver disease, mes-
enteric involvement, and gastritis. Type 1 AIP presents 
with focal or diffuse a pancreatic enlargement, causing 
biliary obstruction, pancreatic insufficiency, and possible 
involvement of the portal vein or splenic vein [2,3,15,26]. 
Painless jaundice, weight loss, and diabetes mellitus are 
common clinical features, while acute pancreatitis is a 
rare complication [2,3,7,19,26]. Interestingly, endocrine 
dysfunction with glucagon hypersecretion leading to 
hyperglycemia has been noted in patients with IgG4-
RD without radiologic evidence of pancreatitis [27]. In 
addition, type 1 AIP has been linked with pancreatic 
cancer and other malignancies, but further studies 
are necessary to confirm this association [4,19,28,29]. 
Furthermore, the causality remains unclear; chronic 
inflammation triggers cellular proliferation and the de-
velopment of mutations, but AIP could also represent a 
paraneoplastic complication of a pre-existing neoplasm 
[28,29]. Imaging may reveal a sausage-shaped pancreas, 
a tumor-like lesion, diffuse stenosis of the pancreatic 
duct, a peripancreatic halo (due to involvement of the 
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peripancreatic fat), pancreatic stones, and pancreatic 
atrophy (in long-standing disease) [1,2,3,7,26]. On the 
contrary, pancreatic cancer causes focal stenosis with 
upstream dilation of the pancreatic duct, while type 2 
AIP is more likely to present with an acute episode of 
pancreatitis, inflammatory bowel disease, and a neu-
trophilic infiltrate on biopsy [26]. IgG4-RD sclerosing 
cholangitis is related to type 1 AIP and shares a similar 
clinical and radiological presentation with primary 
sclerosing cholangitis (PSC); both diseases present with 
obstructive jaundice leading to liver cirrhosis and a 
combination of biliary strictures and dilations on cholan-
giography [2,3,9,19,30]. However, IgG4-RD is associated 
with cholecystitis (typically manifesting as subclinical 
thickening of the gallbladder wall without cholelithiasis) 
and can also cause pseudo-tumors resembling chol-
angiocarcinoma [1,2,7,9,19]. Liver involvement should 
be differentiated from autoimmune hepatitis and liver 
malignancy due to the abnormal liver function tests 
and the development of inflammatory pseudotumors 
[2,3,31]. Inflammation of the mesenteric fat is associated 
with immobilization of the visceral organs, leading to 
intestinal obstruction [3,32]. IgG4-related gastritis might 
be symptomatic, presenting as atrophic mucosa, ero-
sions, ulcers, thickened wall, and submucosal tumors; 
thus, atrophic gastritis, Helicobacter pylori infection, 
Castleman disease, and gastric malignancy should be 

excluded [3,33,34].
IgG4-RD can cause head and neck disease, especially 

involving the salivary glands, lacrimal glands, orbits, 
and thyroid gland. Non-tender or slightly tender and 
typically bilateral involvement of major (and sometimes 
minor) salivary glands is common [2,7,16,19,30,35,36]. 
Enlargement of the submandibular glands, known as 
Kuttner’s tumor, is the most common form of salivary 
gland involvement and is specific to IgG4-RD [1,3,35]. 
Mikulicz’s disease involves symmetrical enlargement 
of the lacrimal, parotid, and submandibular glands 
[1-3,8-10,30]. It is important to note that sialadenitis 
caused by IgG4-RD is linked to abnormal saliva flow and 
the development of sialolithiasis [35]. Dacryoadenitis 
tends to be bilateral, leading to orbital masses, while 
dacryocystitis more commonly causes xerophthalmia 
[3,7,16,30]. Sjögren syndrome is the main differential 
diagnosis, but IgG4-related salivary and lacrimal gland 
disease tends to cause mild xerophthalmia or xerostomia 
that resolves after the administration of corticosteroids. 
Proptosis, diplopia, and blurry vision may result from 
swelling of the lacrimal glands or orbital myositis, or both 
[2,3,7,19,30]. Interestingly, some cases report thicken-
ing or compression of nearby nerves [2,3]. Scleritis and 
uveitis are rare eye-related complications of IgG4-RD 
[7]. Riedel’s thyroiditis causes fibrosis and progressive, 
painless enlargement of the thyroid gland (rocky goiter), 

Table 2. The immune components of IgG4-related disease.

Pattern
Pancreatic-Biliary- Liver 
Disease

Retroperitoneum  
and Aorta

Head and Neck
Mikulicz’s and

Systemic Disease

Typical 
manifestations

Type 1 Autoimmune

Pancreatitis (Type 1 AIP)

Sclerosing Cholangitis

Retroperitoneal Fibrosis

Large Vessel Disease

Enlargement of 
salivary and/or 
lacrimal ducts; eye 
involvement.

Symmetrical 
enlargement of 
lacrimal/salivary glands 
with involvement of 
the thorax/abdomen

Dominant sex Male Male Female Male

Average Age (years) 63 58 55 63

Serum IgG4 Elevated Normal or elevated Elevated Markedly elevated

Inflammatory 
markers (CRP/ESR)

Normal Elevated Normal Normal

Mimickers Pancreatic cancer 
Autoimmune

Pancreatitis type II (AIP type II)

Primary Sclerosing Cholangitis

Cholangiocarcinoma

Lymphoma

Erdheim-Chester 
disease

Takayasu arteritis 

Giant cell Arteritis

Connective Tissue 
Diseases

Giant Cell Arteritis 

Lymphoma

Connective Tissue 
Disease

Giant cell Arteritis 

Lymphoma

Fibrosis Absent Present Absent Present
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with reduced blood flow and iodine uptake, leading to 
tracheal compression, laryngeal nerve palsy, cervical 
lymphadenopathy, thyroid dysfunction (usually hypo-
thyroidism), and rare involvement of the parathyroid 
glands [1-3,37,38]. Hence, Hashimoto thyroiditis and 
thyroid cancer should be excluded based on imaging 
and histopathology. 

IgG4-RD affects the retroperitoneal structures, such 
as the aorta, kidneys, and ureters. It accounts for a sig-
nificant portion of idiopathic retroperitoneal fibrosis, 
which involves connective tissue around major ves-
sels, the upper urinary system, and pelvic structures 
[1-4,7,16,19,30,39-41]. Common but nonspecific symp-
toms include back pain or abdominal pain, sometimes 
radiating to the inguinal areas or thighs [2,40]. However, 
the overall clinical presentation varies depending on 
organ-specific complications [39-41]. Moreover, chronic 
periaortitis (CP) involves inflammatory tissue around 
the aorta, while chronic aortitis primarily affects the 
vascular wall [39,40]. Their overlap often makes differ-
entiation difficult; aortitis tends to damage the media, 
particularly in the thoracic aorta, and can lead to an-
eurysm formation, whereas periaortitis mainly affects 
the adventitia and the abdominal aorta [40]. Although 
the aorta—especially its infrarenal segment extend-
ing to the iliac arteries—is most frequently involved, 
medium-sized branches and retroperitoneal veins can 
also be affected [2,4,39,40]. Consequently, vascular 
involvement may manifest as a pulsatile mass, chronic 
limb ischemia, mesenteric ischemia, coronary artery dis-
ease, lower extremity edema, deep venous thrombosis, 
thrombophlebitis, hydrocele, and varicocele [2,4,39]. 
The rupture of an inflammatory aneurysm is a rare but 
life-threatening complication. Vascular imaging often 
reveals wall thickening (diffuse or localized, sometimes 
mimicking a mass), dissection, or aneurysms rather than 
stenosis or strictures [1,3,7,19,30,40]. Fibrous tissue 
deposition in the retroperitoneal space can irritate or 
obstruct nearby structures, causing nonspecific symp-
toms like dysuria and urgency, obstructive uropathy, 
or renovascular hypertension [39,41]. Regarding the 
differential diagnosis, rheumatic diseases, such as Ta-
kayasu arteritis and giant cell arteritis, tend to affect 
females and present with fever or arthralgia, while 
atherosclerosis lacks elevated inflammatory markers 
[40]. In addition, the exclusion of infectious diseases 
and malignancies as causes of retroperitoneal fibrosis 
is recommended [39,40]. Chronic kidney disease can 
also arise from IgG4-related tubulointerstitial nephritis, 

leading to proteinuria, hematuria, and potentially pro-
gressing to end-stage renal disease [1-3,7,19,30,39,41]. 
Drug-induced interstitial nephritis, lupus nephritis, and 
vasculitis should be excluded based on biopsy results 
[19]. A minority of patients develop nephrotic syndrome 
due to secondary membranous nephropathy, which 
differs from primary membranous nephropathy caused 
by antibodies against phospholipase A2 [2,3,7,30,41]. 
Renal imaging may reveal enlarged kidneys due to 
inflammation, atrophic kidneys resulting from long-
standing disease, or multiple tumor-like lesions with 
lower contrast enhancement (with solitary masses 
being rare), which should be differentiated from renal 
malignancy [2,3,7,30,39,41]. 

IgG4-RD can sometimes affect other organs, includ-
ing the lymph nodes, lungs, serous cavities, skin, nerv-
ous system, prostate, and mammary glands (Table 3) 
[2,3,7,19,30,42-58]. 

Diagnosis
The diagnosis of IgG4-RD is challenging and depends 

on the combination of clinical, laboratory, radiological, 
and histopathological findings. The gold standard is 
the biopsy result, which should be correlated with the 
clinical presentation and imaging findings [2,3,30,59]. 
A significant exception to this rule is type 1 AIP; treat-
ment is indicated in the presence of a typical clinical and 
radiological presentation without a biopsy [2]. 

Laboratory testing involves measuring antibodies, 
complement, inflammatory markers, complete blood 
count, and plasmablasts/plasma cells. Elevated serum 
IgG4 (>135 mg/dL) is a useful diagnostic marker, but many 
patients show normal levels at diagnosis [1-3,7-9,59]. 
Notably, the upper normal value varies depending on 
the use of new reagents [60]. Elevated cerebrospinal fluid 
(CSF) IgG4 suggests immune-mediated inflammation. A 
recent meta-analysis reports the sensitivity and specifici-
ty of IgG4 titers as 87.2% and 82.6%, respectively, though 
these figures depend on race and disease extent [61].  
Adjusting the cutoff value to enhance diagnostic ac-
curacy remains controversial and is currently under 
investigation [5]. The prozone phenomenon explains 
the false-negative results in some patients with highly 
abnormal levels of IgG4; thus, proper serum dilution is 
recommended to prevent misdiagnosis [2,3,5,8,9]. If the 
IgG4 levels are normal, a ratio of IgG4/IgG > 10% is sug-
gestive of IgG4-RD, but this remains a controversial mark-
er [2,3,5,7-9]. The nonspecific nature of IgG4 elevation 
is observed in malignant, autoimmune, and infectious 
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diseases [4]. Other autoantibodies, such as rheumatoid 
factor, antinuclear antibodies, anti-carbonic anhydrase II 
antibodies, and anti-smooth muscle antibodies, may also 
be present [8,15,60,62]. Positive titers of highly specific 
antibodies for rheumatic diseases are inconsistent with 
IgG4-RD [16]. Elevation of IgE often occurs with a Th2 
response, even without atopy, but this is nonspecific 
[1,3,4]. Polyclonal gammopathy and elevation of other 

IgG subclasses, including IgG1 and IgG3, are common; 
these subclasses activate the complement cascade in 
many patients [8,15]. Moreover, hypocomplementemia 
is especially associated with kidney involvement [7,8]. 
Mild increases in inflammatory markers like C-reactive 
protein and erythrocyte sedimentation rate mainly in-
volve the aorta and retroperitoneum [7,8]. Eosinophilia 
is a frequent abnormality in peripheral blood, but highly 

Table 3. Unusual sites of IgG4-RD with their clinical presentation and the differential diagnosis. 

Organs Clinical presentation Differential diagnosis

Lymph nodes [2,3,7,19,42,43] Localized or generalized, non-tender lymphade-
nopathy. Their size ranges from 1 to 3 cm and oc-
casionally causes compression of vital structures.

Lymphoproliferative, infectious, and other 
immunologic diseases

Lungs [2,3,7,19,30,44-46] Incidental findings on radiographs (~75%) or non-
specific symptoms (cough, sputum production, 
dyspnea, chest pain, and hemoptysis). Imaging 
reveals tumefactive lesions, central airway disease, 
or pneumonitis. Pulmonary fibrosis is a potential 
complication with traction bronchiectasis and 
honeycombing. Reactive hilar and mediastinal 
lymphadenopathy is common.

Lung cancer, vasculitis, sarcoidosis, and 
other causes of interstitial lung disease

Serosal cavities [2,3,7,30,44,46-52] Pleural disease appears as effusion, increased 
vascularity, thickening, nodular lesions, plaques, 
and adhesions within the pleural cavity. Acute 
pericarditis, pericardial effusion, constrictive peri-
carditis, and ascites are other manifestations. A 
case involving ascites, massive right pleural ef-
fusion, pericardial effusion, and elevated tumor 
markers (cancer antigen 125 and α-fetoprotein) 
may suggest pleuroperitoneal communication in 
the context of Meigs or pseudo-Meigs syndrome.

Acute coronary syndrome, infectious dis-
eases, malignancies, rheumatic diseases, 
and cardiac myxoma

Skin [2,53] Nodules, plaques, masses, macules, papules, or 
gangrene mainly distributed in the upper body, 
especially the head and neck area. Usually ac-
companied by internal organ involvement. 

Lymphoproliferative disorders, psoriasis, 
cutaneous lupus, and systemic sclerosis 

Central nervous system 
[3,7,19,30,54]

Pachymeningitis, cerebral inflammation, and 
cavernous sinus thrombosis cause cranial nerve 
palsy, radiculopathy, headache, sensorimotor 
abnormalities, visual deficits, sensorineural hear-
ing loss, or dementia. The term “hypertrophic 
pachymeningitis” describes mass-like lesions in the 
meninges. Pituitary pathology, such as edema or 
tumor-like lesions, leads to headache, and visual 
field defects like bitemporal hemianopsia.

Infectious diseases, malignancies, vasculitis, 
and infiltrative disorders, e.g. sarcoidosis, 
histiocytosis. 

Peripheral nerves [2,19,54] Rapid or subacute development of sensorimotor 
neuropathy or the formation of perineural masses. 

Vasculitis, demyelination 

Prostate [2,3,19,55] Urgency, incomplete voiding, and hesitancy. Benign prostate hyperplasia, prostatitis, 
prostate cancer

Breast [56-58] Painless and hard breast mass. Breast cancer
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abnormal counts (>3,000/mm3) as well as leukopenia 
and thrombocytopenia suggest an alternative diag-
nosis [8,16]. Plasmablasts, which are intermediate cells 
between B cells and plasma cells, are released from the 
bone marrow in response to pathogens, vaccines, and 
self-antigens. Their elevation has been suggested as a 
highly sensitive and specific biomarker for IgG4-RD, but 
further clinical research is needed [2,7,62-65].

Imaging provides crucial diagnostic information 
after careful assessment of the clinical presentation. 
The radiological findings are often nonspecific and 
can be misleading in diagnosing cancer. Different im-
aging techniques are used based on the involved site. 
Computed tomography (CT) is the most frequently 
used test. Magnetic resonance imaging (MRI) is often 
employed, especially when the biliary tree, the aorta, or 
the central nervous system is involved [9,40,54]. MRI is 
an alternative to CT for those with abnormal renal func-
tion [41]. Ultrasound is valuable for examining masses 
in the head and neck region as well as the aorta [40]. 
Typical findings include organ enlargement, fibrosis, 
and nodular or mass-like lesions [1,2]. Positron emission 
tomography (PET) scanning is useful for staging and 
guiding the site of biopsy due to its higher sensitivity 
[7,8,66-68]. It should be noted that PET is more likely 
to recognize arterial, salivary gland, and lymph node 
pathology, while it lacks sensitivity for renal or brain 
pathology as well as small, non-active lesions [9,40,68]. 

Regarding the histopathologic findings, the hallmark 
of IgG4-RD includes dense lymphoplasmacytic infiltrates, 
storiform fibrosis, and obliterative phlebitis. Although 
biopsies from the brain, meninges, pancreas, great ves-
sels, and retroperitoneum are demanding, larger tissue 
samples are associated with a higher diagnostic yield 
[2,8]. Sampling from multiple sites or repeat biopsies 
may be necessary [2]. For example, submandibular 
gland biopsy is more likely to be diagnostic than labial 
gland biopsy for IgG4-related salivary gland disease 
[2]. However, histopathological diagnosis of IgG4-RD is 
often established after a needle biopsy; endoscopic and 
surgical biopsies are currently preferred when there is 
clinical suspicion of IgG4-RD [6]. Furthermore, needle 
biopsies often fail to recognize the pattern of storiform 
fibrosis or obliterative phlebitis, while the peripheral 
infiltrate of IgG4-positive plasma cells in neoplasms 
might be misdiagnosed as IgG4-RD [6]. Organ-specific 
interpretation of immunohistochemistry is mandatory, 
given the variable cut-off value of IgG4-positive plasma 
cells, ranging from 10 to 200 per high-power field [6]. 

However, tissue infiltration by IgG4-positive plasma cells 
is also observed in other diseases of inflammatory and 
neoplastic etiology; diffuse presence of IgG4-positive 
plasma cells and a ratio of IgG4 to IgG-positive plasma 
cells of more than 40% may increase specificity [6,30]. 
Plasma cells secreting IgE, IgG1, IgG2, and IgG3 represent 
a minority of the inflammatory infiltrate [3]. 

Recent advances in the diagnostic field have estab-
lished general criteria for diagnosing IgG4-RD [30]. These 
guidelines allow proper diagnosis and treatment even 
in the absence of typical serological and histopatho-
logical findings [30]. Exclusion criteria from the clinical 
presentation, laboratory measurements, imaging, and 
biopsy results should be examined during the investiga-
tion [30]. Notably, a significant portion of IgG4-RD cases 
is missed by the general diagnostic criteria in clinical 
practice due to atypical presentation or involvement of 
atypical sites [30]. Consequently, organ-specific criteria 
have been developed to maximize the sensitivity for 
type 1 AIP, Mikulicz’s disease, and kidney disease [30]. 
For example, they enable the diagnosis of type 1 AIP 
based on imaging, making a biopsy unnecessary. In cases 
where it is difficult to obtain a biopsy, a successful trial of 
corticosteroids can indirectly confirm the presumptive 
diagnosis of IgG4-RD [30]. However, physicians should 
maximize their efforts to obtain a tissue sample for the 
exclusion of malignancy, especially when the response 
to corticosteroids is inadequate [8]. 

Treatment
Fibrosis is a pathological process characterized by ex-

cessive tissue scarring, often resulting in organ dysfunc-
tion. Preventing fibrosis is crucial for maintaining organ 
health and avoiding severe complications. Advance-
ments in early diagnosis and appropriate treatment al-
low successful outcomes. It is vital to start treating before 
the establishment of fibrosis [1,8]. However, relapses are 
common, necessitating long-term follow-up. Evidence 
is still lacking due to insufficient clinical data [8,9].

Treatment of IgG4-RD is indicated under certain 
circumstances. All patients with symptomatic disease, 
subclinical involvement of high-risk organs (pancreas, 
extrapancreatic biliary tree, meninges, aorta, kidney, 
retroperitoneum, pericardium), subclinical multi-organ 
disease, or active progression of pre-existing imaging 
abnormalities are candidates for immunosuppressive 
treatment [7,19]. The choice of “watch and wait” is appro-
priate for patients with asymptomatic and stable disease 
limited to organs with a low risk of severe complications 
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and fibrosis [1,7,19]. Medical treatment is divided into 
two main phases: induction and maintenance, as in 
rheumatic diseases [7]. Interventional treatment may 
be necessary for the management of anatomical abnor-
malities, such as biliary stenting, ureteral stenting, and 
nephrostomy tubes [7,19]. Radiation therapy is rarely 
used as a last-line treatment [9].

Pharmacologic agents for managing IgG4-RD include 
corticosteroids, non-steroidal alternatives, and biologic 
agents [1,2,9]. Corticosteroids are the first-line therapy 
for inducing remission, and they are often used for 
maintenance [1,2,19]. Disease-modifying antirheumatic 
drugs (DMARDs), such as azathioprine, mycophenolate 
mofetil, leflunomide, methotrexate, cyclosporine, igu-
ratimod, and cyclophosphamide, are typically used for 
maintenance, but the evidence remains limited [1,2]. 
Recently, various biologic agents have been studied, 
with rituximab being the most common [1]. Although 
corticosteroids are considered the cornerstone of treat-
ment in IgG4-RD, most patients will eventually receive 
non-steroidal immunosuppressants to achieve remission 
and reduce corticosteroid toxicity [9]. 

Induction of treatment is the first step in IgG4-RD to 
decrease the disease’s activity. The drug regimen typi-
cally involves corticosteroids; rituximab or methotrexate 
are alternatives if corticosteroids are strongly contrain-
dicated [1,2,7]. The recommendations about the dose 
and the duration of the regimen vary depending on the 
clinical scenario and the expert’s experience. Initially, 
a medium dose of prednisone, administered orally at 
0.4-0.6 mg/kg/day (30-40 mg/day), is administered 
until resolution, which typically occurs after 2-4 weeks 
[1,2,7,8,15,19]. Occasionally, a pulse of intravenous 
methylprednisolone (100-1,000 mg/day for 3 days) is 
used before the per os regimen for acute complications, 
such as acute kidney injury or neurological complica-
tions [1,7,8]. High doses seem to have similar efficacy 
to the medium dose of oral corticosteroids [7,8]. Lower 
doses may be considered when the symptoms are mild. 
A careful taper should be followed; otherwise, faster 
withdrawal increases the risk of exacerbation [7,8]. Ta-
pering can be achieved with the following methods: a) 
reduction of the dose at a rate of 5 mg every two weeks 
until a final daily dose of 7.5 mg, or b) reduction of the 
dose at a rate of 10 mg every two weeks until a daily 
dose of 20 mg, followed a few weeks later with a reduc-
tion at a rate of 5 mg every two weeks [1,2]. The total 
duration of tapering is generally 3-6 months [1,2,7,19]. 

Maintenance of treatment is achieved with non-

steroidal immunosuppressants or low-dose corticos-
teroids [8]. The addition of nonsteroidal immunosup-
pressants in the induction phase is indicated in certain 
patients at increased risk for recurrence (elevated IgE, 
eosinophilia, elevated IgG4, multiorgan involvement, 
involvement of high-risk organs, hypocomplementemia) 
[7,8,9,19]. All patients with a relapse should receive 
the aforementioned taper of corticosteroids followed 
by a maintenance plan [7,8]. Japanese experts tend to 
continue low-dose corticosteroids in the majority of 
patients for up to three years, but other physicians prefer 
the combination regimen to discontinue corticosteroids 
as soon as possible [7]. Rituximab may represent the 
most effective DMARD, but further research is needed 
on dosing [1,2,7,8]. Interestingly, the choice of DMARDs 
varies depending on the organ involved [19].  

Regular follow-up, e.g., every six months, with several 
laboratory tests and imaging techniques, helps assess 
disease activity and treatment response. However, the 
management should be guided by these tests after 
correlation with clinical response. Elevation of serum 
antibodies (IgG4, IgE, and IgG4/IgG), CSF IgG4, and 
eosinophils is associated with more active disease [7,8]. 
It should be noted that changes in the concentration 
of IgG4 predict relapses in those with elevated IgG4 at 
baseline [7,8]. Hypocomplementemia occurs during 
recurrence, implying kidney disease [7,8]. The associa-
tion of plasmablasts with disease activity is promising, 
but their use in clinical practice is currently limited [7,8]. 
Among imaging studies, a PET scan shows active sites of 
inflammation but cannot differentiate lymphadenopa-
thy from other diseases [7,8].

Conclusion
IgG4-related disease is a complex, multisystem disor-

der that requires a high index of suspicion for diagnosis. 
Advances in our understanding of its immunopathogen-
esis and treatment options have significantly improved 
patient outcomes. Continued research is necessary to 
further elucidate its mechanisms, refine diagnostic cri-
teria, and optimize management strategies to prevent 
long-term complications and improve the quality of life 
for affected individuals.

Future Directions
Ongoing research is focused on identifying novel bio-

markers for early detection, understanding the genetic 
predisposition of IgG4-RD, and developing targeted 
therapies to improve treatment efficacy while minimiz-
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ing treatment-related adverse effects. Large-scale clinical 
trials are needed to evaluate new therapeutic agents 
and their long-term impact on disease progression.
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