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Abstract
Immunoglobulin G4-related disease (IgG4-RD) is a recently described rare systemic
fibroinflammatory disease with an estimated incidence of less than 1 in 100,000
persons per year. The disease can affect virtually any organ and is characterized by
unifying histopathological findings. Recently, four subgroups of patients have been
characterized: hepatobiliary, head and neck, Mikulicz syndrome and retroperitoneal
fibrosis, who illustrate the mainly abdominal and ENT tropism of the disease.
Yet, thoracic involvement is not uncommon. It can be detected in up to 30% of patients
with systemic IgG4-RD and is the exclusive manifestation of the disease in about 10% of
cases. Clinical symptoms are nonspecific and may include dyspnoea, cough or chest
pain. Chest CT findings are heterogeneous and primarily include peribronchovascular
thickening, nodules, ground-glass opacities and lymphadenopathy. There is no specific
diagnostic test for IgG4-RD thoracic involvement, which may mimic malignancy or vas-
culitis. Therefore, a cautious approach is needed to make an accurate diagnosis: a search
for extra-thoracic manifestations, elevated serum IgG4 levels, circulating levels of plas-
mablasts and pathologic evidence of disease is warranted. Although very suggestive, nei-
ther the presence of a polyclonal IgG4 lymphoplasmacytic infiltrate, storiform fibrosis
or obliterative phlebitis are sufficient to confirm the histological diagnosis. Steroids are
recommended as first-line therapy. Rituximab or disease-modifying antirheumatic drugs
may be used in relapsed or rare cases of steroid-refractory disease. In this review, we
summarize current knowledge regarding the pathophysiology, epidemiology, diagnostic
modalities (clinical–biological–imaging–histopathology) and treatment of IgG4-RD
thoracic involvement.
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INTRODUCTION AND HISTORY

Immunoglobulin G4-related disease (IgG4-RD) is a recently
described systemic fibroinflammatory disease characterized
by unifying histopathological findings.1 The disease can
affect virtually any organ, either singly or in association, but
most commonly involves lymph nodes, liver, pancreas,
lacrimal and salivary glands.2

The description of the first cases of IgG4-RD dates from
1961: Sarles et al. reported chronic autoimmune pancreatitis
in patients with a distinctive histological feature of fibrosis
and lymphoplasmacytic infiltration.3 In 2001, Hamano et al.

reported fast-moving band in the beta-gamma region of the
serum protein electrophoresis of patients with sclerosing
pancreatitis, representing elevated IgG4 levels.4 In 2003,
abundant polyclonal IgG4+ plasma cells were found within
polyclonal lymphoplasmacytic infiltrates in tissue samples
from patients with autoimmune pancreatitis, both in the
pancreas and in the liver and gallbladder.5 Based on these
findings, in 2006, Kamisawa proposed the existence of an
IgG4-related sclerosing disease corresponding to pancreatic
and extrapancreatic fibroinflammatory lesions rich in IgG4.6

The disease has been variously named, including IgG4-related
autoimmune disease, IgG4-associated multifocal systemic
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fibrosis, IgG4-related systemic disease, IgG4-related sclerosing
disease or IgG4 plasmocytic syndrome. In 2011, an interna-
tional group of investigators agreed on a uniform nomencla-
ture and diagnostic criteria for this entity consensually
referred to as IgG4-related disease.7 This term emphasized the
systemic infiltration of IgG4+ plasma cells in the organs
involved and the frequency of high serum IgG4 levels without
implying any pathogenic role of IgG4. This new nosological
entity included many syndromes previously considered inde-
pendent and idiopathic (inflammatory pseudotumours,
Mikulicz syndrome, Küttner tumour, Riedel thyroiditis, medi-
astinal and retroperitoneal fibrosis).

Today, the use of the term IgG4-RD has reached a
consensus and is based on precise classification criteria pub-
lished in 2019.8 It is a polymorphic systemic disease, whose
most common presentations are hypertrophies of the sali-
vary and lacrimal glands, lymphadenopathy, pancreatitis,
sclerosing cholangitis, retroperitoneal fibrosis and tubuloin-
terstitial nephritis.9 This wide heterogeneity has recently led
to the description of four subgroups of patients (hepatobili-
ary, disease limited to the head and neck, Mikulicz and ret-
roperitoneal fibrosis), whose pathophysiological, prognostic
and therapeutic response particularities remain to be
evaluated,10 but highlight the mainly abdominal and ENT
tropism of the disease.

As a matter, the thoracic involvement of IgG4-RD has
been only recently described.11 The disease can affect nearly
all thoracic organs, including heart, vessels, lungs, pleurae,
lymph nodes, retromediastinum and bones. This thoracic
heterogeneity has long been poorly characterized12 but is the
subject of a growing number of publications. Here we review
the current knowledge about pathogenesis, epidemiology,
diagnostic strategies and therapeutic modalities of thoracic
IgG4-RD.

PATHOGENESIS

The pathogenesis of IgG4-RD remains poorly
understood

The presence of elevated serum IgG4 levels, the heavy
infiltration of lesions by IgG4 plasma cells,7 the presence of
high levels of circulating plamablasts,13 and the response to
treatment with the B-cell depleting agent Rituximab suggest
hyperactivation of IgG4+ B cells in the disease.

IgG4 is the smallest subclass of immunoglobulin and
represents about 5% of total IgG. It is a particular immuno-
globulin that is usually considered non-inflammatory
because of its inability to activate the complement pathway14

and to generate immune complexes15 and its poor affinity
for FcyR, leading to peak antibody-dependent cell-mediated
cytotoxicity (ADCC).16 Consequently, the pathogenicity of
IgG4 in IgG4-RD is still not established. Patients with other
diseases with markedly elevated serum IgG4 levels, such as
IgG4 myeloma, do not develop IgG4 disease characteristics
whereas about one-third of patients with IgG4-RD have

normal IgG4 levels.17 Therefore, IgG4 could be a marker of
the disease rather than a pathological factor: circulating
B cells could differentiate into IgG4 B cells in tissues due to
local tolerogenic environment, the elevated serum IgG4 level
then being a consequence of the disease and not its source.18

Among the B cells involved in IgG4-RD, plasmablasts
(defined as CD19low CD38+CD20�CD27+ cells) have
been the most studied.19 They are detected in organs
involved in IgG4-RD with activated phenotype (high expres-
sion of HLA-DR, CD95, CD86 and CD62L) and evidence of
active IgG4 secretion. They are also detectable in blood,
where circulating levels correlate with disease activity and
significantly decline after Rituximab-induced remission.20

However, plasmablasts do not express CD20, the target of
Rituximab, suggesting that the effect of Rituximab may be
mediated by other B cells, which play a critical role upstream
of plasmablasts activation. These may be memory B cells
(CD19+CD20+CD27+CD38�), whose circulating levels
have also been found to correlate with disease activity.21

Oligoclonal expansion of IgG4+ plasmablasts that
occurs in IgG4-RD patients is characterized by somatic
hypermutations of the rearranged immunoglobulin heavy
chains, suggesting T-cell dependent stimulation. Among
T cells, circulating follicular helper cells (Tfh) could play a
major role in IgG4-RD. Circulating Tfh cells produce IL-4,
which is involved in class-switching of B cells to both IgG4
and IgE. Numbers of circulating Tfh cells correlate with
number of circulating plasmablasts and serum IgG4 concen-
trations.22 More precisely, Tfh increase is characterized by
specific expansion of Tfh2 (CCR6�CXCR3�) cells and to a
lesser extent of TFH17 (CCR6+CXCR3�).23 Tfh2 cells are
able to induce in vitro differentiation of naïve B cells into
plasmablasts and to increase production of IgG4.24 IL-10 is
another cytokine involved in class-switching from IgM to
IgG4, which may be secreted by follicular T regulatory cells
(Tfr).25 IL-10-producing Tfr are identified in both blood
and tissues affected by IgG4-RD.26 Circulating levels corre-
late with serum IgG4 concentrations, and the number of
organs involved.

The existence of a type 2 helper (Th2) immune response
in IgG4-RD patients is supported by the increased expres-
sion of IL-4, IL-5 and IL-13.20 Th2 response could be pro-
moted by repeated exposure to an antigen (annexin A11 and
galactin-3 have both been recently implicated27), which is at
the origin of the theory of an allergic mechanism, supported
by the existence of an atopic background in patients, as well
as the frequent presence of eosinophilia and elevated IgE.28

The role of this Th2 immune response is questioned.29

Population gene level analysis recently revealed a dominant
gene signature for CD4+ cytotoxic T lymphocytes
(CT) rather than for TH2 cells in IgG4-RD. Circulating
CD4+ SLAMF7+ CTL could play an important role in the
pathogenesis of the disease.30 These cells are among the
most abundant in involved tissues, close to IgG4 plasma
cells and their number correlates with the extent of organ
involvement.30 Finally, Treg are similarly increased in
plasma and in sites affected by IgG4-RD.31 Tregs secrete
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IL-10 INFy and TGFb which can increase IgG4 production
at the expense of IgG1 or IgE by B cells and promote the
development of fibrosing lesions.32

Innate immunity is involved in the pathogenesis of
IgG4-RD. Anti-inflammatory polarized M2 macrophages
are implicated in tissue fibrosis in IgG4-RD. These cells are
observed in fibrotic areas and their number is correlated
with the degree of tissue fibrosis.33 They could also promote
the survival of plasma cells, which contribute to fibrosis
through the production of PDGF-B.34

Except for one case report of identical twins with
IgG4-RD,35 arguments for genetic susceptibility are limited.
Paediatric onset of the disease is rare, but a review published in
2016 identified 25 cases in children,36 and another published
in 2022 reported about 100 cases under 25 years of age were
reported.37 A few cohort studies have identified genetic charac-
teristics associated with IgG4-RD. Some HLA haplotypes
and CTLA4 alleles seem to be more frequent in IgG4-RD
patients,38 but the precise contribution of these genes to the
pathophysiology of the disease remains to be determined.

EPIDEMIOLOGY

To date, the incidence of the disease has been estimated in
Japan to be approximately 1 per 100,00039 and prevalence
has been estimated to be 0.8/100,000.40 The disease occurs
predominantly in adults, with a median age at diagnosis of
60 years, and affects mainly men (1 man for 0.77 women).
The age of onset, usually after 50 years, and the male predi-
lection are unusual epidemiological parameters for an auto-
immune disease.

Like IgG4-RD, thoracic involvement is typically seen in
middle-aged to elderly adults, more commonly in men than
women.41 It is estimated that 15 and 35% of patients with
IgG4-RD are affected.10,42–44 Most cases of thoracic involve-
ment with IgG4-RD are found incidentally during the workup
of extrathoracic lesions.42 The most common thoracic disor-
ders seem to be bronchopulmonary disease and lymph node
involvement.44

Isolated thoracic involvement was estimated to occur
in 13% of patients.42,44 Isolated lung involvement was
estimated at 8% in a Japanese study based on 4304 patients.39

CLINICAL PRESENTATION

IgG4-RD usually manifests subacutely. More than half of the
patients are asymptomatic according to several studies.11,42,44

Two small studies totaling 53 patients with systemic
IgG4-RD have detailed the general clinical signs present at
diagnosis.45,46 The main general symptoms included asthenia
in 14 patients (25%), weight loss in 11 (20%) and fever in
4 (8%). Clinical signs of thoracic involvement could be pre-
sent in more than 10% of the cases. They are nonspecific and
depend on the location of the lesion, including cough,
dyspnoea, haemoptysis, asthma or chest pain.47

IMAGING PRESENTATION

Chest CT-scan is the most widely performed imaging
method to evaluate IgG4-RD thoracic involvement.
Chest CT-scan presentation of IgG4-RD is polymorphic and
non-specific.11,42,48,49 Ideally, patients should be evaluated
with dedicated thoracic imaging, including thin-section
CT scans and high-resolution reconstruction filters.
Chest CT scans should then be analysed by radiologists
specialized in thoracic imaging and familiar with the dis-
ease. In our experience, specialized review in a tertiary cen-
tre significantly improved the number of abnormalities
diagnosed. This was particularly pronounced in the case
of pulmonary involvement, especially for discrete images
of round shaped ground-glass opacities (GGO) or fine
reticulations.44

Through literature, seven main patterns of thoracic
IgG4-RD involvement are described11 and can be associated.
Four patterns affect lungs: nodular, GGO, interstitial disease
and peribronchovascular (Figure 1). The three others corre-
spond to chest extrapulmonary lesions: lymph node, pleural
and retromediastinal patterns (Figure 2). In the framework
of the latter, the presence of a paravertebral soft band is
relatively specific of the disease. This corresponds to a thick-
ening of the paravertebral sulcus, in the lower thoracic
region involving two or more vertebrae in a row. This sign
is mostly located on the right side (97%, n = 31).50

Other CT-scan findings than those included in these seven
patterns are possible, but much rarer.

The relative frequency of these different patterns fluctu-
ates between studies. In a cohort of 48 patients with thoracic
involvement, we found that peribronchovascular involve-
ment was the most frequent, affecting 60% of those patients.
Fujinaga et al.51 identified hilar lymph node involvement as
the most prevalent (80%, n = 90). The GGO pattern was the
most common according to Inoue et al.11 (70%, n = 13),
and Seraya et al.43 (70%, n = 16), whereas it was the nodular
pattern in the study by Kang et al. (30%, n = 37).52 None of
these patterns is specific for IgG4-RD. These discrepancies
could be partly explained by different patient recruitment
methods, bias related to retrospective data collection, the
lack of central imagery reviewing and different pattern defi-
nitions from one study to another.

Even in the setting of well-known IgG4-RD, any chest
imaging abnormalities are not necessarily secondary to
IgG4-RD. Thus, classification criteria for thoracic involve-
ment have been developed by Corcoran et al. to assess the
responsibility of the disease in observed thoracic lesions.42

According to their criteria, thoracic involvement is catego-
rized between ‘definite’ (biopsy-proved), ‘highly probable’
(typical imaging finding with no alternative explanation and
response to treatment), ‘probable’ (typical radiology with
no alternative explanation) and ‘possible’ (radiology consis-
tent but plausible alternative cause identified). In the
absence of biopsy or evaluation of the effect of a test treat-
ment, the association of two or more thoracic patterns in
the same patient could suggest IgG4-RD.

122 MULLER ET AL.
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Some thoracic imaging patterns might be associated with
specific IgG4-RD extra-thoracic involvements. For example,
our previous study of 48 patients with IgG4-RD thoracic
involvement suggested that round-shaped GGO may be asso-
ciated with a more frequent IgG4-related pancreatitis, that
lymph node enlargement might be associated with a greater
frequency of sialadenitis, and that interstitial disease could be

associated with a more frequent hypereosinophilia.44 Under-
lying pathophysiological mechanisms are not established, and
these data need to be confirmed by further studies.

18F-FDG PET/CT can also be used for a comprehensive
assessment of organ involvement. It could have greater sensi-
tivity for detecting disease in arteries (aortitis and periaortitis),
salivary glands and lymph nodes.53 18F-FDG PET/CT can be

F I G U R E 2 Examples of thoracic extra pulmonary features of IgG4-RD involvement. Examples of enhanced chest CT scans in mediastinum windows
and PET-CT illustrating thoracic extra pulmonary involvements of IgG4-RD: (1) Lymph node pattern: enlarged lymph nodes in the mediastinum
(white arrows) with homogenous contrast uptake (A) and Enlarged lymph nodes in the left axilla (white arrows) showing homogenous contrast uptake and
smooth borders (B). (2) Retromediastinal pattern: Typical bilateral paravertebral soft bands (white arrowheads), associated with a circumferential aortitis and
responsible for an aortic stenosis (thin white arrow) (C). (3) Pleural pattern: Right side pleural thickening (thin white arrows) (D). (4) An example of a rare
off-pattern condition: anterior mediastinitis (circled area) with 18FDG uptake on coronal merged of CT and PET (E,F).

F I G U R E 1 The four CT-scan lung patterns of IgG4-RD involvement. Axial chest CTs in parenchyma window associated with illustrations of the four
lungs patterns. (1) Nodular pattern: small or pericentimers nodules randomly dispose (inside the circles). A 4 mm thickness with maximal intensity
projection was performed to highlight the abnormalities (A,B). (2) Interstitial disease pattern: fine bilateral subpleural lines and not only in the posterior
localization (thin arrows) (C,D). (3) Peribronchovascular pattern: diffuse bronchial wall thickening in curvilinear reconstruction (white arrows) (E,F).
(4) Ground-glass opacities (GGO) pattern: area of GGO highlighted with 4 mm thickness minimal intensify projection reconstruction and circled (G,H).

IgG4-RD: THORACIC PHYSICIAN’S PERSPECTIVE 123
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useful detecting clinically asymptomatic IgG4-RD organ
involvement in the thorax, then selecting the most diagnosti-
cally informative biopsy site, assessing response to therapy
and monitoring for disease relapse.54

BIOLOGICAL PRESENTATION

Biologically, two key markers for diagnosis and follow-up of
the disease have been identified to date: serum IgG4 level
and detection of circulating plasmablasts.

Elevated serum IgG4 concentration (>135 mg/dl) repre-
sents an important diagnostic consideration. This threshold
is part of all classification and diagnosis criteria, including
the last ACR-EULAR criteria published in 2019, but exhibits
inconstant sensibility and specificity and so a low positive
predictive value (34%) for the diagnosis of IgG4-RD.55

Overall, it is estimated that 60% of patients with IgG4-RD
have a serum IgG4 level greater than 135 mg/dl, but this
percentage varies according to ethnicity and the number of
organs affected. Caucasian patients cohorts report less than
50% elevation in IgG4,56 compared to over 90% in Asian
cohorts,57 and patients with multiple organ damage have
significantly higher IgG4 levels.58 Markedly elevated
serum IgG4 is rather more specific for IgG4-RD: a 5 g/L
cut off is associated with a specificity of 90%.59 Of note,
IgG subclasses are most often measured by immunonephe-
lometry, a technique that may show limitations due to
prozone effect and interactions of IgG4 with measurement
of IgG1 and IgG2, which is why some authors have pro-
posed the preferential use of mass spectrometry in
IgG4-RD.60

Flow cytometric detection of circulating plasmablasts is
also a useful biomarker for diagnosing IgG4-RD. A 900/ml
cut-off could be associated with reported sensitivity more
than 90% and specificity of 80%.13 This biomarker was
found to correlate with disease activity and the number of
affected organs, independently of serum IgG4 levels.61

The levels of other circulating cells identified during
IgG4-RD (CD4+ CTL, Tfh, B memory cells) are correlated
with disease activity but clear thresholds between healthy
and diseased individuals remain to be determined.

Moreover, a nonspecific biological inflammatory syn-
drome is often noted. Elevated C-reactive protein levels are
found in a quarter of patients, but this increase is usually
modest.62 Polyclonal hypergammaglobulinemia (total serum
IgG levels >1800 mg/dl) is reported in 60% of the patients,
which may be associated with high IgG2 and low IgA
levels.63 Other non-specific biologic markers observed
include hypocomplementemia (40%), high soluble IL-2R
levels, positivity of antinuclear antibody (30%) or rheuma-
toid factor (20%), eosinophilia (30%) and elevated IgE
(60%), especially in patients with asthma and atopy.
The combination of asthma, hypereosinophilia and elevated
IgE is not uncommon in IgG4-RD and seems to be corre-
lated with the risk of disease recurrence.64 However, at
the time of diagnosis, this association should raise the

possibility of atopic asthma, hypereosinophilic syndrome
(HES), ANCA vasculitis or immunoallergic aspergillosis. For
this reason, hypereosinophilia greater than 3G/L constitutes
an exclusion factor for the disease according to the
ACR/EULAR classification criteria.

Many other markers, that we not detailed in this review,
are currently under investigation in IgG4-RD.63 Summary of
blood biomarkers used for diagnosis, assessment of disease
activity and prediction of relapse risk is presented in
Table 1.

HISTOPATHOLOGY OF THORACIC
LESIONS

IgG4-RD demonstrates common histologic features in most
of organs that may be affected. The three main histopatho-
logical characteristics of IgG4-RD are the presence of a poly-
clonal lymphoplasmacytic infiltrate, a storiform fibrosis and
obliterating phlebitis.2

The dense lymphoplasmacytic infiltrate is composed of
T cells, B cells, occasional germinal centres and plasma cells.
It can cause obliteration of the venous channels, leading to
obliterative phlebitis. An essential feature of this infiltrate is
the abundant presence of IgG4 plasma cells, which should
be assessed semi-quantitatively by immunostaining of the

TAB L E 1 Summary of blood biomarkers used for diagnosis,
assessment of disease activity and prediction of the risk of relapse

Blood biomarker Threshold

For diagnosis Serum IgG465 >135 mg/dl (sensitivity
80%, specificity 80%)

Circulating plasmablasts13 >900/ml (sensitivity
90%, specificity 80%)

To assess disease
activity

Serum IgG465 >135 mg/dl

Circulating plasmablasts13 >900/ml

Serum IgE64 >125 UI/ml

Serum IgG64 >1800 mg/dl

ESR66 >20–25 mm/h

CRP66 >5–10 mg/L

C357 <80 mg/dl

C457 <15 mg/dl

soluble IL-2R67 <2500 pg/ml

Circulating CD4+ CTL32 Not defined to date

Circulating Tfh22 Not defined to date

Circulating B memory
cells21

Not defined to date

To predict the
risk of relapse

Serum IgG465 >135 mg/dla

Circulating plasmablasts13 >900/mla

Serum IgE64 >125UI/mla

C357 <80 mg/dla

C457 <15 mg/dla

Circulating eosinophils68 >0.5 G/La

aOr increase from remission rate.

124 MULLER ET AL.
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total number of IgG4 cells per high-power field (/hpf, whose
positivity thresholds depend on the site of involvement) and
measurement of the IgG4/IgG plasma cell ratio (generally
considered abnormal if the ratio is >40%).7 Storiform fibro-
sis is a swirling, ‘cartwheel’ pattern of fibrosis sometimes
with a patchy distribution that may be missed with small
biopsies. Other ‘minor’ histopathological features include
increased number of eosinophil and phlebitis without oblit-
eration of the lumen. Absence of granulomatous inflamma-
tion and prominent neutrophilic infiltrate is required.
Histological findings are neither specific nor sensitive and
may lead to under or overdiagnosis.69 This resulted in a
probabilistic histologic classification of the disease into
three groups: ‘histologically highly suggestive of IgG4-RD’
(presence of at least two of the three characteristic histologi-
cal features), ‘probable histologic features of IgG4-RD’ (only
one of them) and ‘insufficient histopathologic evidence of
IgG4-RD’ (none of them), as it may be the case after previ-
ous therapy or progression to a fibrotic stage.7

At the thoracic level, different organs can be investigated,
with few histological specificities. Regarding lymphadenopa-
thies, five morphological subtypes have been described,69

but the specificity of these histologic changes in the absence
of other evidence of IgG4-RD remains controversial:
(a) multi-centric Castleman disease-like, (b) reactive follicu-
lar hyperplasia, (c) interfollicular expansion, (d) progressive
transformation of germinal centre-like and (e) inflammatory
pseudotumour-like. The most specific subtype is the last
mentioned, but reactive follicular hyperplasia is most fre-
quently observed.70 Fibrosis is only seen in inflammatory
pseudotumour-like lesions, and obliterative phlebitis is rarely
observed.7 IgG4+/plasma cells threshold is >50 in lymphade-
nopathies. Considering the variability of histologic patterns,
the relative rarity of storiform fibrosis and obliterating phle-
bitis and the poor specificity of increased IgG4+ plasma cells
in lymphadenopathies, the main value of lymph node biopsy
is often to rule out differential diagnoses, such as lymphoma.

Regarding the lungs, histopathology of lesions shows dif-
fuse lymphoplasmacytic infiltration, obliterative vascular
changes and fibrosis with occasional eosinophilic infiltra-
tion.71 The most frequent histopathological pattern is a lym-
phangitic distribution of inflammatory infiltrates rich in
plasma cells. Several specificities should be noted. Arteritis
characterized by a lymphoplasmacytic infiltrate is regularly
observed and may lead to obliteration.72 This obliterating
arteritis is more frequent than obliterating phlebitis, unlike
in other organs.7 In addition, the characteristic storiform
fibrosis seen in other organs is rarely found into pulmonary
lesions.73 Consensus thresholds are >50 IgG4/plasma cells
(/hpf) for surgical biopsies but >20 IgG4/ plasma cells
(/hpf) for nonsurgical biopsies.7 IgG4/IgG ratio threshold
remains the same (>40%) for both types of biopsies.

Regarding the pleura, histological patterns correspond to
those commonly observed in most of the other affected
organs, with a threshold of >50 IgG4/plasma cells (/hpf).74

In the mediastinum, histopathology of lesions exhibits stori-
form cell-rich fibrosis, lymphoplasmacytic infiltrate with

IgG4-positive plasma cells and obliterative phlebitis,75 which
are not specific, and may be observed, for example, in histo-
plasmosis.76 Consensus statement on the pathology of
IgG4-related disease published in 2012 did not propose a
specific IgG4/plasma cell threshold for fibrosis mediastinitis.
The one suggested proposed for retroperitoneum (30IgG4/
plasma cells) is therefore most often retained by analogy.

Several procedures are available to collect a sample of
involved tissue, depending on the organ concerned, the
location of the lesion, the patient’s medical history and
the experience of the centre. Mediastinal lymph nodes can
be reached by endobronchial ultrasound (EBUS-TBNA),
surgical sampling or mediastinoscopy, while pleural involve-
ment can be reached by percutaneous core cutting needle
or surgical sampling.44 There are no studies comparing
the cost-effectiveness of these different techniques in the
specific setting of IgG4-RD. Nevertheless, given the rele-
vance of lymphadenopathies architecture analysis in the
diagnosis of IgG4-RD, biopsy or surgical excision should
be preferred to EBUS-TBNA. If thoracic affected organs are
not accessible for biopsy, a minor salivary gland biopsy may
be performed, even without clinical signs of salivary involve-
ment. Histologic specificities include possible conspicuous
lymphoid follicle formation, and sometimes lacks oblitera-
tive phlebitis and storiform fibrosis. Moriyama et al.
reported a sensitivity of 55% and a specificity of 100% for
labial salivary gland biopsy involving 66 patients with sus-
pected IgG4-RD.77

DIAGNOSTIC OF THORACIC IGG4-RD

The diagnosis of thoracic involvement of IgG4RD is a
challenging process based on the agreement of clinical, bio-
logical, imaging and histological findings. Virtually, all intra-
thoracic organs can be affected (Table 2) but no feature is
pathognomonic for the diagnosis. The diagnostic approach
must therefore always consider screening for differential
diagnoses before retaining the diagnosis, especially when the
disease affects a single organ and is either identified inciden-
tally on radiological studies or diagnosed unexpectedly in
pathological specimens.

Clinically, the presence of extra-thoracic organ involve-
ment, especially in organs frequently affected by IgG4-RD
(pancreatitis, sclerosing cholangitis, lymphadenopathy,
interstitial nephritis, sialadenitis and retroperitoneal fibrosis),
supports the diagnosis. However, thoracic involvement may
be isolated.42,44 Increased serum IgG4 levels support the diag-
nosis, but may be normal in IgG4-RD while elevated in other
conditions such as recurrent infections, cancers or autoim-
mune diseases.79 Histological analysis of at least one affected
organ is most often required for the diagnosis. But here
again, histology is susceptible to abuse: some conditions
such as Castleman’s disease or Rosai–Dorfman’s disease may
be responsible for IgG4-RD-like features.12,47 Furthermore,
HES and eosinophilic granulomatosis and polyangiitis
(mostly ANCA-negative phenotype) may be responsible for
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genuine overlapping syndromes with IgG4-RD, defining a
spectrum of eosinophil-mediated diseases that is still poorly
characterized.28,80,81

The diagnostic approach (Figure 3) therefore consists of
collecting all the clinical, biological, imaging and histological
elements in favour of the diagnosis, while keeping in mind

F I G U R E 3 Diagnostic algorithm in thoracic IgG4-RD.

T A B L E 2 Thoracic manifestations of IgG4-RD with their estimated frequency (in bold, the four most frequent organ involvement corresponding to the
seven main thoracic patterns on CT scan)

Involved organ Brief description of damages
Estimated frequency
within thoracic involvement

Lung Pulmonary infiltration and/or fibrosis that may be classified into four CT-scan
patterns: nodular, GGO, interstitial disease and peribronchovascular

40%–80%42,44,48,72

Lymphadenopathy Lymphadenopathy infiltration and/or fibrosis resulting in multiple
lymphadenopathies in mediastinum and hilum

50%–80%42,44,48,72

Pleurae Pleural infiltration and/or fibrosis resulting in nodular or diffuse pleural
thickening and/or pleural effusion

8%–15%42,44,48,72

Retromediastinum Retromediastinal infiltration and/or fibrosis, that may lead to vascular stenosis 3%–6%42,44,48,72

Aorta Thoracic aorta inflammation (vascular wall contrast enhancement),
infiltration and/or fibrosis, associated with thickening of vascular
walls that may lead to stenosis

1%78

Airway Airway infiltration and/or fibrosis resulting in airway stenosis leading to
atelectasia or asthma-like symptoms

Less than 1%

Pulmonary vessels Infiltration and/or fibrosis of pulmonary arteries that may lead
to pulmonary hypertension

Exceptional

Heart Coronary stenosis, valvular lesions, myocardial pseudotumour
or pericardial effusion or thickening

Exceptional

Bones Bone erosions adjacent to a pseudotumour Exceptional
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that each of these elements must raise specific differential
diagnoses (Table 3). Pragmatically, patients who present with
classic clinical, laboratory and radiological manifestations
of IgG4-RD but in whom biopsies are not feasible or
noncontributory are generally given a working diagnosis of
‘suspected IgG4-RD’ and treated as such, provided that
sufficient efforts have been made to exclude IgG4-RD
mimics.82 Among IgG4-RD mimetics, sarcoidosis (intersti-
tial lung disease, adenopathy, granulomatous sialadenitis,
increased serum CEA levels), ANCA vasculitis (interstitial
lung disease, sinusitis, hypereosinophilia, glomerulone-
phritis, anti MPO or PR3 antibodies), neoplasia (altered
general condition, adenopathy, pulmonary nodules or car-
cinomatous lymphangitis) and tuberculosis (pulmonary
nodules, adenopathy and extra-pulmonary involvement)
must be considered systematically in case of pulmonary
involvement.

CLASSIFICATION AND STAGING

Classification and diagnosis criteria for IgG4-RD have
been published periodically since the recognition of the
disease.

The most recent classifications are the ACR/EULAR
criteria, published in 2019.8 They are based on a score in
which clinical, biological, imaging and histological findings

are considered. Thoracic involvement is included through
‘pulmonary involvement’, in which only the aspects of
peribronchovascular and septal thickening are recognized
(+4 points), and ‘retromediastinal involvement’ (paraverteb-
ral band-like soft tissue in the thorax, +10 points). A score of
20 or more classifies patients as having IgG4-RD.

In 2017, comprehensive diagnostic criteria were published
by Umehara et al., revised in 2021.83 They are based on the
combination of CT-objectified thoracic organ involvement,
IgG4 levels above 135 mg/dl, and IgG4+ >10/HPF cell infil-
tration associated with a ratio of IgG4+/IgG >40%. According
to this work, the presence of these three parameters character-
izes the ‘defined’ disorders.

In order to standardize the criteria for evaluating
response to treatment, which may vary from one specialty to
another, an IgG4-RD Responder Index was developed in
2012.84 This score has been shown to have a good correla-
tion with the physician global assessment.85 Disease activity
in 14 organs is rated from 0 to 4. The degree of urgency of
damages and sequelae are also recorded, and serum IgG4
level are included in the scoring. Within thoracic involve-
ment, lung, lymphadenopathy, large vessel including aorta
and mediastinum are especially mentioned. This score is
now used in randomized clinical trials to evaluate response
to treatments and its follow-up over time.

TREATMENT

Treatment of all symptomatic patients is recommended.
Conversely, asymptomatic patients, such as those with iso-
lated chest adenopathy, may remain untreated. Treatment of
localized forms of the disease, such as a pulmonary nodule
or inflammatory pseudotumour, may be limited to surgical
removal. In other cases, the treatment of IgG4-RD thoracic
disease is based on immunosuppressive drugs.

International consensus statement on the treatment of
IgG4-RD has been published in 2015,86 based on expert
opinion and review of available evidence. Steroids are
suggested as a first line treatment, at 0.6 mg/kg. Efficacy is
usually observed within the first 2 weeks of treatment.87

After 2–4 weeks of treatment at 0.6 mg/kg, steroids are
usually tapered off over 3–6 months. Non-response to
steroids is uncommon (less than 5% of patients) and
should lead to consideration of alternative diagnoses to
IgG4-RD. On the contrary, relapse following steroid reduc-
tion is quite common. It is estimated to occur in 60%–80%
of patients.88 Steroid dependence may require the prescrip-
tion of a second immunosuppressive drug to minimize
the side effects of long-term steroid use. It may also require
the maintenance of very low doses of steroids over time
(e.g., 5 mg/day), which decrease relapse rates compared to
placebo.89

Rituximab is an anti-CD20 monoclonal antibody that has
been shown to be effective in reducing steroid dosage in
IgG4-RD patients with steroid dependence. The treatment is
usually prescribed at the dose of 1 g on Day 1 and then on

T A B L E 3 Differential diagnosis for IgG4-related thoracic disease

Diseases with similar thoracic disorder and extra-thoracic involvement47

• Connective tissue disease with thoracic involvement (e.g., Sjogren’s
syndrome…)

• Vasculitis with thoracic involvement (e.g., ANCA vasculitis…)
• Sarcoidosis, histiocytosis
• HES
• Metastatic neoplasia or lymphoma
• Infections with multisystem involvement (e.g., tuberculosis,

histoplasmosis…)

Diseases with similar thoracic disorder and increased serum IgG4 levels79

• Repeated pulmonary infections
• Cystic fibrosis associated with colonization with Pseudomonas

aeruginosa
• Connective tissue diseases, vasculitis, HES
• Neoplastic diseases

Diseases with similar thoracic disorder and increased circulating
plasmablasts levels13

• ANCA vasculitis
• Sarcoidosis
• Sjogren’s syndrome

Diseases with similar thoracic disorder and tissue infiltration of IgG4
plasma cells7

• ANCA vasculitis
• Multicentric Castleman’s disease
• Histiocytosis (Rosai–Dorfman disease, Erdheim Chester disease)
• Infections (EBV, tuberculosis, histoplasmosis)
• Lymphoma and peritumoral infiltrate
• HES
• Cutaneous and systemic plasmocytosis, Lymphomatoid

granulomatosis
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Day 15. Its effectiveness is generally maintained for several
months. In the study by Carruther et al.,90 97% of patients
(29 out 30) experienced a favourable response to Rituximab,
and 40% maintained complete remission at 1 year. Ebbo et al.
reported 93.5% of clinical response (29 out 31 patients), with
42% of relapse at 2 years.91 Maintenance therapy at a dose of
1 g every 6 months is possible to limit the risk of late relapse
or to control the onset of disease recurrence. Secondary hypo-
gammaglobulinemia may then occur (3 patients out 31 Ebbo
et al.), possibly associated with secondary infections, mainly
affecting of the respiratory tract.

Disease-modifying anti-rheumatic drugs (azathioprine,
mycophenolate mofetil, ciclosporin, methotrexate, …) are
not very effective for induction of remission but may be
used for steroids sparing.86,92 Because of the lack of prospec-
tive clinical trials, the international consensus guideline on
the treatment of IgG4-RD had only 50% agreement among
experts on whether disease-modifying antirheumatic drugs
should be started early or not.86

Several emerging therapies offer promise. A phase 2 clini-
cal trial of anti-CD19 antibody inebilizumab showed an
interesting outcome in 12 patients (decrease in IgG-RD
Responder Index score by ≥2 points).93 The use of lym-
phoma chemoimmunotherapy regimens such as fludarabine
or bendamustine in combination with rituximab has been
successfully reported for steroid and rituximab-refractory
cases.59 The use of dupilumab, an anti-IL4/IL-13 monoclo-
nal antibody prescribed to treat asthma, seems interesting
given the involvement of these two cytokines in the patho-
physiology of the disease, but its efficacy has only been
reported in isolated cases and remains controversial.94,95

Abatacept, a CTLA4-Fc fusion protein, has also been evalu-
ated in a few case report and a proof of concept study.96,97

Studies are ongoing to evaluate the effectiveness of
rilzabrutinib (BTK inhibitor) and elotozumab (anti-SLAM7).
Anti-CD38 (daratumumab) or proteasome inhibitors
(bortezomib) also offer interesting perspectives to specifi-
cally target B cells. Anti-IgE (omalizumab) or anti-IL5
(mepolizumab) treatment may be options for patients with
atopy or severe asthma with high IgE levels.

CONCLUSION

IgG4-RD is a fibroinflammatory disease that can affect vir-
tually all organs, mainly occurring in middle-aged to elderly
male patients. In the thorax, the disease can occur in all
compartments (mediastinum, airways, lungs and pleurae),
most often in association with extra-thoracic manifesta-
tions. Clinical manifestations are nonspecific and usually
lacking. CT-scan findings can be divided into seven distinc-
tive patterns, whose prognostic characteristics have yet to
be determined. Diagnosis is based on a combination of clin-
ical, biological and histological findings, as no marker is
specific for the disease. Diagnostic approach must always
consider screening for differential diagnoses especially
when the disease affects a single organ, is identified

incidentally on radiological studies, or is diagnosed unex-
pectedly in pathological specimens. Thoracic IgG4-RD is
generally highly responsive to immunosuppressive therapy
with steroids and/or rituximab, but relapse is common.
Further studies are needed to better characterize thoracic
involvement of the disease, its triggers, pathophysiology
and prognostic factors to elucidate more effective and
specific therapies.
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