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Abstract: To investigate clinical and radiological features of IgG4-

related disease (IgG4-RD) patients with intrathoracic involvement.

A prospective cohort study was performed and IgG4-RD patients

were enrolled from January 2011 to March 2015 in Peking Union

Medical College Hospital, in which the clinical and radiological

characteristics of IgG4-RD patients with intrathoracic involvement

were summarized.

Out of total 248 cases with IgG4-RD, 87 cases had intrathoracic

lesions, including 58 male cases and 29 female cases, with average age

of 54.19� 13.80 years. Hilar and mediastinal lymphadenopathy were

the most common manifestations of IgG4-related intrathoracic disease,

accounting for 52.9% (46/87). Other imaging findings of pulmonary

disease included: solid nodular (25.3%), round-shaped ground-glass

opacities (9.2%), alveolar-interstitial type (20.7%), bronchovascular

type (23.0%), pleural effusion (4.6%), and pleural nodules or thickening

(16.1%). Only 27 patients presented with respiratory symptoms, includ-

ing cough, breathless, chest pain, and asthma. Compared with patients

without intrathoracic disease, IgG4-related intrathoracic disease had

higher IgG4 and C-reactive protein level, and higher incidence of

allergy, fever, and multi-organ involvement. Most of lung interstitial

disease, mediastinal mass, and bronchial thickening were sensitive to

corticosteroid and immunosuppressant therapy, while 36.3% (8/22) of

solitary nodular lesions were unresponsive to treatment. Eight patients

were on no treatment, with 5 cases remained stable, 2 patients improved

spontaneously, and 1 patient was lost follow-up.

Intrathoracic lesions are not rare in patients with IgG4-RD, invol-

ving bronchial thickening, nodules, ground glass opacity, pleural

thickening/effusion, lymphadenopathy, etc. Efficacy of corticosteroid

and immunosuppressant therapy were noted in most of patients with
, MD, Xuan Zhang o, MD,
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Abbreviations: ANA = antinuclear antibody, CRP = C-reactive

protein, CT = computed tomography, GGO = ground-glass opacity,

HE = hematoxylin and eosin, IgG4-RD = immunoglobulin G4-

related disease, PET-CT = positron-emission tomography/

computed tomography, PUMCH = Peking Union Medical

College Hospital, RF = rheumatoid factor.

INTRODUCTION

Immunoglobulin G4-related disease (IgG4-RD) is a systemic
fibroinflammatory disease, characterized by elevated serum

IgG4 levels and massive lymphoplasmacytic infiltration in
involved lesions containing IgG4-positive plasma cells. Patients
with IgG4-RD can have localized lesions or manifest diffuse
systemic disease. Published studies have documented various
organs involvement of IgG4-RD, presenting with the auto-
immune pancreatitis, the sclerosing cholangitis, the sclerosing
sialadenitis, the sclerosing dacryoadenitis, interstitial nephritis,
lymphadenopathy, retroperitoneal fibrosis, IgG4-related hypo-
physitis, as well as the IgG4-related lung disease, etc.1–8

According to literatures, intrathoracic involvements of
IgG4-RD can manifest various types, including interstitial lung
disease, lung nodules, bronchial inflammation changes, med-
iastinal fibrosis as well as pleuritis. The whole picture of IgG4-
RD associated intrathoracic manifestations remain not clear,
though there were some studies reporting patients with this
disease.1,2,9–16 In this article, our research goal is to explore the
clinical and radiological features of patients with IgG4-RD
associated intrathoracic manifestations.

METHODS

Enrollment
A multidisciplinary collaborative prospective cohort study

of IgG4-RD patients has been conducted in Peking Union
Medical College Hospital (PUMCH, Beijing, China) since
January 2011.17–19 This study was approved by the Medical
Ethics Committee of PUMCH. All patients signed written
informed consent. Two hundred forty-eight newly diagnosed
IgG4-RD patients were consecutively enrolled.

Patients were diagnosed as definite, probable, or possible
IgG4-RD according to the 2011 comprehensive diagnostic
criteria for IgG4-RD.20 Definite IgG4-RD must have the fol-
lowing characteristics: (1) organ enlargement, mass or nodular
lesions, or organ dysfunction; (2) a serum IgG4 concentration
>135 mg/dL; and (3) histopathological findings of >10 IgG4þ
cells/high-power field (HPF) and an IgG4þ/IgGþ cell ratio
>40%. Possible IgG4-RD required (1) and (2), but with nega-
tive results on histopathology or without histopathological
IgG4-RD required (1) and (3), but with-
G4.20 None of them met the criteria for
ases. None had malignant disease.
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TABLE 1. Background of Patients With IgG4-Related Intrathoracic Disease

Characteristics

IgG4-Related
Intrathoracic

Disease
(N¼ 87)

IgG4-Related
Disease Without

Intrathoracic
Disease (N¼ 161) P

�
< 0.05

Gender, male:female 58:29 105:56 0.889
Age, y (median) 20–79 (54.19� 13.80) 16–80 (52.34� 13.83) 0.373
Allergy history

�
55 (63.2%) 72 (44.7%) 0.008

�

Fever 13 (14.9%) 8 (5.0%) 0.015
�

Other organ involvement
Lacrimal gland 45 (51.4%) 66 (41.3%) 0.111
Salivary gland 46 (52.7%) 78 (48.4%) 0.595
Pancreas 31 (35.1%) 56 (34.8%) 0.890
Bile duct 19 (21.6%) 33 (20.5%) 0.876
Retroperitoneum/abdominal aortitis 15 (20.3%) 37 (23.0%) 0.329
Kidney 20 (23.0%) 34 (21.4%) 0.749
Prostate 22 (37.9%) 18 (17.1%) 0.006

�

Number of extrathoracic organ
1 1 (1.4%) 12 (7.9%) 0.037

�

2 10 (11.5%) 33 (20.6%) 0.081
3 or more 76 (87.8%) 115 (71.4%) 0.004

�

a, o
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Out of these 248 patients, 87 cases had intrathoracic
lesions, accounting for 35.1%. IgG4-RD-associated intrathor-
acic manifestations in this study included mediastinal lympha-
denopathy, fibrosing mediastinitis, pleural lesions, airways or
lung parenchymal disease, pericardial lesions, etc., verified by
clinical manifestations, serological test, and imaging or
pathological results.

Imaging and Pathological Analysis
Computed tomography (CT) images were taken for all

patients at initial visit and during follow-up. Patient thoracic/
lung radiological records were reviewed by respiratory phys-
icians or radiologists. Some patients underwent positron-emis-
sion tomography/computed tomography (PET-CT). Fifty-one
samples were assessed histologically using hematoxylin and
eosin (HE) staining and immunostaining for IgG and IgG4.
Patients with suspected IgG4-RD-associated intrathoracic
manifestations were discussed at an open panel conference.

Serological Aspects
IgG4 levels, IgG and IgE concentrations were tested at the

time of diagnosis. In addition, titers of antinuclear antibody
(ANA) and rheumatoid factor (RF) were recorded.

Statistical Analysis
Statistical analysis was performed using the chi-squared

test or Mann–Whitney U test to analyze variables. A probability
of P < 0.05 was considered to be statistically significant.

RESULTS

Clinical Features of Patients
Two hundred forty-eight patients were diagnosed as IgG4-

�
Allergy history was defined to have allergic rhinitis, allergic asthm
RD, with male to female ratio of 1.9:1.87 cases had intrathoracic
manifestations, including 50 patients of definite, 1 patient of
probable, and 36 cases of possible IgG4-RD. Patient profiles are
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summarized in Table 1. Respiratory symptoms were present in
27 patients, in which 23 cases had cough, 2 cases presented with
dyspnea, and 2 cases complained chest pain. Of the 27 patients,
5 cases presented with asthma, who had extrathoracic involve-
ments simultaneously. Respiratory lesions were revealed in the
other nonsymptomatic 60 patients during imaging examination.
Compared with IgG4-RD without intrathoracic disease, IgG4-
related intrathoracic disease has higher possibility of allergy,
fever and multi-organ involvements.

Intrathoracic Involvement in IgG4-Related
Sclerosing Disease

Intrathoracic involvement in IgG4-RD has been described
in the lung parenchyma, airways and pleura, as well as peri-
cardium and mediastinum. Of 87 patients, 3 patients manifest-
ing asthma had normal CT findings, while single or multiple
manifestations can be identified in other patients. Hilar and
mediastinal lymphadenopathy were the most common
manifestations in Ig G4-related intrathoracic disease, account-
ing for 52.9% (46/87), in which 21 cases had lymphadenopathy
alone. Lung solid nodular and bronchovascular type were also
frequent in IgG4-related intrathoracic disease, accounting
25.3% (22/87) and 23.0% (20/87), respectively. Seven cases
have pericardium involvement and 3 patients with fibrosing
mediastinitis manifested with mediastinal mass in CT images
(Table 2). Twenty-one patients underwent PET-CT imaging,
which revealed increased uptake of 18F-FDG in intrathoracic
lesions.

Radiographically, there are 4 major subtypes of IgG4-RD
with lung involvement according to thoracic CT imaging: solid
nodular type (solitary nodular lesions including mass); round-
shaped ground-glass opacity (GGO) type, characterized by
multiple round-shaped GGOs; alveolar interstitial type showing
honeycombing, bronchiectasis or diffuse GGOs; and broncho-

r allergic skin disease, such as urticarial history, etc.
vascular type presenting with thickening of bronchovascular
bundles and/or interlobular septa.9 Figure 1 shows radiologi-
cally detectable abnormalities at lungs.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Chest CT Findings of Patients With IgG4-Related
Intrathoracic Disease at Baseline

CT Findings N¼ 87 (%)

Lung parenchymal
Solid nodular type 22 (25.3)
Alveolar interstitial type 18 (20.7)
Round-shaped ground-glass opacity type 8 (9.2)

Airways
Bronchovascular type 20 (23.0)

Pleural
Pleural effusion 4 (4.6)
Pleural nodules or thickening 14 (16.1)

Mediastinal
Hilar and mediastinal lymphadenopathy 46 (52.9)
Mediastinal mass/thoracic aortitis 3 (3.4)
Pericardial effusion/pericardiac thickening 7 (8.1)
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Laboratory Findings
Summaries of laboratory findings of 87 patients are shown

in Table 3, including white blood cell count, erythematosus
sedimentation rate, C-reactive protein (CRP), serum IgG level,
IgG4 level, as well IgE level. Compared with those without
intrathoracic disease, the patients with IgG4-related intrathor-
acic disease had statistically significant higher concentrations of
IgG4 and CRP (P< 0.05).

Histopathological Findings
Tissue biopsy was performed in 51 patients, including

salivary glands, lacrimal glands, pancreatic glands, lymph node,
lung, sinus, retroperitoneal tissue, intracranial tissue, etc. Histo-
logical examination on HE staining was performed in all tissue
samples, as well as immunohistochemical staining with anti-
CD38, anti-CD138, anti-IgG, and anti-IgG4 mAb. In all cases,
massive lymphocytes and plasma cells infiltration as well as
fibrosis were revealed. The characteristic features were mark-
edly increased IgG4-positive plasma cells (>10 plasma cells/
HPF), with the ratio of IgG4þ/IgGþ cells >40%. Out of 51

Normal 3 (3.4)

CT¼ computed tomography.
patients who underwent tissue biopsy, 10 patients had thoracic
biopsy, including 6 of lung tissue/nodules, 3 of mediastinal
tissue, 1 of pleural membrane, all biopsies were compatible with

FIGURE 1. (A) Chest computed tomography (CT) image of a 62-yea
thickening in the right lung. (B) Thoracic CT image of a 69-year-old wo
inferior lung and thickening of the bronchial wall in the left lung.
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IgG4-RD. Figure 2 shows a typical finding of a 37-year-old lung
involved IgG4-RD patient, presenting with cough and hemop-
tysis, who had surgical lung and transbronchial biopsy.

Clinical Outcomes
Patients were followed up for a median 24 months (range

3–48 months). Since the efficacies of immunosuppressive
agents have not been evaluated in prospective trials, we usually
treat those patients with multi-organ (including vital organs)
involvements with corticosteroid and immunosuppressive treat-
ment. Patients with active multi-organ involvements but resist-
ant to corticosteroid and immunosuppressive treatment
accepted rituximab treatment. There are 8 cases with stable
manifestations did not receive treatment.

Seventy-two patients received corticosteroid therapy,
with a median initial dose of prednisone of 40 mg/d (range
30–60 mg/d). Forty-eight patients received combination
therapy of immunosuppressants, including cyclophosphamide,
mycophenolate mofetil, azathioprine, methotrexate, triptery-
gium wilfordii, tamoxifen, etc. Cyclophosphamide was the most
frequently used immunosuppressant, adding up to 32 cases. Five
patients only have immunosuppressant therapy. One refractory
patient received rituximab.

In 81.0% patients (64/79), the intrathoracic lesions
improved after treatment and low dose of prednisone
(�10 mg/d) with or without immunosuppressants were used
as the maintain therapy. Figure 3 shows improvement after
treatment in a typical lung involved IgG4-RD patient. However,
the improvement of extrathoracic lesions, such as salivary
glands, lacrimal glands, pancreatitis, etc., was more significant
than intrathoracic lesions. No obvious improvement was found
in 8 patients with lung solitary nodular lesions, 8 patients with
hilar or mediastinal lymphadenopathy, 2 cases with lung inter-
stitial disease, and 2 cases with bronchial thickening, even
though their extrathoracic lesions responded well (Table 4).
Figure 3 shows radiological improvement of 1 IgG4-RD patient
with bronchial thickening after treatment.

Eight patients did not receive corticosteroid or immuno-
suppressant therapy, including 5 patients presenting with only
mediastinal lymphadenopathy, and 3 patients with mild tra-
cheobronchial thickening. Except 1 was lost follow-up, others
showed stable during follow-up. No deaths occurred.

Intrathoracic Involvements of IgG4-RD
DISCUSSION
Since IgG4-RD was recognized, many cases of lung

involvement with IgG4-RD have been reported4,9–16; however,

r-old man shows alveolar interstitial manifestation and bronchial
man shows subpleural alveolar interstitial manifestation in the right
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TABLE 3. Laboratory Characteristics of Patients With IgG4-Related Intrathoracic Disease

Median (Range) of
Patients With IgG4-Related

Intrathoracic Disease

Median (Range) of
IgG4-Related Disease

Patients Without Intrathoracic
Disease P

�
< 0.05

IgG, g/L 26.04� 14.93 (10–96) 21.98� 9.66 (8–53) 0.059
IgG4, mg/dL 18,700� 21,337 (250–115,000) 113,00� 13,169 (66–70,800) 0.000

�

IgE, U/mL 797� 1101 (2–5000) 709� 886 (30–5000) 0.613
WBC, �109/L 7.33� 2.49 (4.11–18.80) 7.43� 3.40 (3.5–27.0) 0.160
Eosinophils, �109/L 0.47� 1.21 (0.01–9.85) 0.50� 1.16 (0.00–10.51) 0.873
CRP, mg/L 15.16� 26.23 (0–114) 9.14� 18.21 (0.09–115.00) 0.007

�

ESR, mm/h 43.87� 34.15 (2–126) 38.31� 33.35 (2–120) 0.768
ANA 13.51% (10/74) 10.3% (13/126) 0.967
RF 30.39� 46.83 (0.0–236.9) 17.01� 45.80 (0.0–298.5) 0.157

mat
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it is not clear how to diagnose IgG4-RD-related lung disease,
because the lesions can manifest various performances. There-
fore, we collected the clinical and radiological records of
patients with suspected IgG4-associated intrathoracic disease,
in order to determine the characteristics of patients with
this disease.

In previous reports, according to chest CT performance,
IgG4-related intrathoracic disease could be divided into med-
iastinal lesions (mediastinal lymphadenopathy and sclerosing
mediastinitis) and lung disease; the latter was further categor-
ized into 4 subtypes: alveolar interstitial type, bronchovascular
type, round-shaped GGO, and solid nodular in lung or sub-
pleural area.1,15 Based on the thoracic imaging findings, the
corresponding pathological changes of IgG4-RD-associated
intrathoracic disease might be interpreted as distribution of
inflammatory (characterized by lymphocytes and
IgG4þ plasma cells infiltration) and fibrotic lesions along
the intrathoracic connective tissue and lymphatic tissue, which
included bronchial vascular bundles, interlobular septa, and
alveolar interstitium, as well as mediastinal or hilar lymph
nodes. However, it was difficult to categorize simply because
some of our patients presented with mixed performance of these
features. Hilar and mediastinal lymphadenopathy was the most
common manifestation in our study, accounting for 52.9%.
Solid nodular type and bronchovascular type were also the
frequent manifestations in IgG4-related lung disease, occupying
25.3% and 23.0%, respectively.

Our patients with IgG4-related intrathoracic disease had
mild and nonspecific clinical symptoms. Respiratory symptoms
were present in 27 patients, including cough, dyspnea, chest
pain, etc., whereas the remaining 60 patients presented with
abnormal thoracic imaging but lack of respiratory symptoms.
Compared with IgG4-RD without intrathoracic disease, IgG4-
related intrathoracic disease has higher possibility of allergy,
fever, and inclined to have more than 3 extrathoracic organs
involved. Moreover, laboratory examinations revealed signifi-
cantly increased serum concentrations of IgG4 and CRP in
IgG4-related intrathoracic disease. Therefore, patients with
IgG4-RD might have more serious condition than that without
intrathoracic involvement, though they had mild respiratory

ANA¼ antinuclear antibody, CRP¼C-reactive protein, ESR¼ erythe
WBC¼white blood cell.
manifestations.
The data on the use of corticosteroid or immunosuppres-

sive agents in the treatment of IgG4-related intrathoracic
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disease were relatively small. According to the international
consensus guidance statement on the management and treat-
ment of IgG4-RD, glucocorticoids are the first-line agent for
remission induction, of which prednisone at a dosage of 30 to
40 mg/d is a common initial treatment.21 However, the optimal
dose for IgG4-related lung disease and the course of corticos-
teroid therapy remains unclear. The exact regimen of corticos-
teroids has not been defined but in this study, for most patients,
oral prednisone was administrated at an initial dosage of 0.5 to
1 mg/kg d. After 4 weeks, the prednisone dose tapered and was
gradually reduced to 10 mg/d in a few months. Maintenance of
low dose prednisone at 5 mg to 10 mg/d had been applied in the
majority of patients for a long time. To avoid relapse or
recurrence, the disease was closely monitored during follow-
up and treatment regimen was adjusted according to the change
of the disease. For some patients, the immunosuppressive
agents were used in combination with corticosteroid, of which
cyclophosphamide was frequently used in our study, which
seemed beneficial. Pulmonary solitary nodules were more
refractory to corticosteroid and immunosuppressant therapy,
accounting for 36.4% (8/22), whereas only 2 patients with lung
interstitial disease and 2 patients with bronchial thickening were
unresponsive to therapy. However, in this study, the majority of
extrathoracic lesions responded well to treatment. In addition,
although a small number of patients with mild intrathoracic
manifestations did not receive corticosteroid or immunosup-
pressant treatment, they achieved spontaneous remission or
remained stable during the follow-up. In summary, corticoster-
oid and immunosuppressant therapy were considered effective
treatment for IgG4-RD, though in some patients, intrathoracic
lesions did not respond to corticosteroid therapy as well as
extrathoracic lesions.

This study has some limitations. First, our findings are
based on the results from a single-center, which might led to
some bias. It remains to be determined whether our results can
be generalized to other ethnicities or populations of different
backgrounds. Second, the number of patients who underwent
lung biopsy was relatively small, most patients were pathologi-
cally diagnosed with outside thoracic tissue; because of diffi-
culty in tissue biopsy in some patients, they only fulfilled

osus sedimentation rate, Ig¼ immunoglobulin, RF¼ rheumatoid factor,
criteria of clinically characteristic organ swelling/masses and
elevated serum IgG4. Therefore, the intrathoracic lesions in
IgG4-RD might be over-estimated according to symptoms and

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 2. Lung biopsy of a 37-year-old man shows lymphocytes cells infiltration at the peripheral bronchus (hematoxylin and eosin
staining, original magnification [A]: �150). (B–E) Immunohistochemistry shows CD138þ, IgG4 (þ >50 per high-power field), IgG4/IgG
46% (B: IgG4�150, C: IgG�150, D: CD138�150, E: CD38�150). (F and G) Chest computed tomography image of the same man
shows diffuse lung parenchymal lesions, including multiple ground-glass opacity and solid nodular manifestations in bilateral lungs.
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imaging findings; confirming intrathoracic involvement in
IgG4-RD is still challenging, especially in those with no
improvement after treatment. Thirdly, in this study, only few
patients underwent respiratory function test, so we cannot
evaluate the impact of the disease on pulmonary function.

In conclusion, intrathoracic involvement in IgG4-RD has

FIGURE 3. (A) Chest CT image of a 60-year-old man shows bronc
image of the same man shows obvious improvement after 3 mo
the following characters: Respiratory symptoms in IgG4-related
intrathoracic disease included cough, dyspnea asthma, chest
pain, etc., which were generally mild; inflammatory markers,

TABLE 4. Clinical Outcomes of Corticosteroid Therapy and/or
Intrathoracic Disease

Cor

Cases Improveme

Lung solitary nodular 14 (63.6)
Hilar or mediastinal lymphadenopathy 33 (80.5)
Alveolar interstitial type 16 (88.9)
Round-shaped ground-glass opacity 5 (71.4)
Bronchovascular type 15 (88.2)
Pleural lesions 13 (72.2)
Mediastinal mass 2 (66.7)
Pericardial lesions 3 (42.8)

Improvement was defined as imaging lesions improved �30% after trea
Stability was defined as imaging lesions improved <30% or having no
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such as CRP and IgG4 were higher in IgG4-related intrathoracic
disease than those without intrathoracic disease; IgG4-RD
involves almost all intrathoracic organs, including lymph nodes,
alveolar interstitium, interlobular septa, and bronchovascular
bundles, manifested mostly as hilar and mediastinal lympha-
denopathy, followed with lung nodule, interstitial lung disease

l thickening in the bilateral hilar region at diagnosis. (B) Chest CT
tment. CT ¼ computed tomography.
and bronchial thickening; and most of lung interstitial disease,
mediastinal mass and bronchial thickening were sensitive to
corticosteroid and immunosuppressant therapy.

Immunosuppressant Therapy on Patients With IgG4-Related

ticosteroid and/or Immunosuppressant Therapy, n (%)

nt Stability Exacerbation

7 (31.8) 1 (4.5)
8 (19.5) 0 (0)
2 (11.1) 0 (0)
1 (14.3) 1 (14.3)
2 (11.8) 0 (0)
5 (27.8) 0 (0)
1 (33.3) 0 (0)
4 (57.1) 0 (0)

tment.
change after treatment.
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