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Purprost. The purpose of this study was to assess the relationship between thyroid eye
disease (TED) in patients undergoing orbital decompression and immunoglobulin G4
(IgG4) levels.

MEeTtHODS. A prospective observational cohort study was conducted among 185 consec-
utive patients who were diagnosed with TED and underwent orbital decompression.
Serum levels of IgG4 were measured, and immunohistochemical staining for IgG and
IgG4 was performed in orbital adipose tissue. Data related to clinicopathologic features
were analyzed.

Resucrs. Among the 185 enrolled patients with TED, 64 (34.6%) were IgG4-positive. The
IgG4-positive patients were older, had higher clinical activity scores (CAS), and had worse
best-corrected visual acuity (BCVA) than the IgG4-negative patients. Higher thyrotropin
receptor antibody (TRADb) levels, histopathological 1gG4 counts, IgG4/IgG ratios, and
dense lymphocyte infiltration were more frequently observed in IgG4-positive than in
IgG4-negative patients. Definitive and probable IgG4 subtypes were independently asso-
ciated with the active stage in patients with TED.

Concrusions. Our data suggest that the IgG4 subtype in TED is common. IgG4-positive
patients with TED may be older, have more severe disease, and have higher clinical

activity scores. IgG4 may play an important role in the pathogenesis of TED.
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mmunoglobulin  G4-related disease (IgG4-RD) has

recently been increasingly recognized as a multisys-
tem fibro-inflammatory disorder characterized by typical
immunoglobulin G4 (IgG4)-positive lymphoplasmacytic
infiltration.! Ophthalmic involvement is common in IgG4-
RD and has always been described as orbital inflammatory
disease or a pseudotumor that can affect nearly every orbital
structure.? Thyroid eye disease (TED) is one of the most
common orbital inflammatory diseases. Studies of elevated
serum IgG4 levels in the presence of TED compared with
their absence in Graves’ disease (GD) have suggested that
IgG4 levels are associated with the development of TED
in patients with GD.3* Additionally, in an American study
of a small group of patients with TED (24 cases), 20.8% of
patients demonstrated serum IgG4 levels consistent with
IgG4-RD without any additional systemic disease, and Irwin
et al reported a patient with TED with significant 1gG4
staining in the levator palpebrae superioris.> The above
findings suggest that there may be a possible subtype of
patients with TED with elevated pathological or serological
IgG4 levels.® However, studies based on a large number of
cases with IgG4 levels in the TED subgroup remain limited.
Moreover, data regarding patients with TED with both
pathological and serological I1gG4 levels measured have not
been previously reported.

To determine whether there is a subtype of patients
with TED with elevated 1gG4 levels and identify the clin-
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icopathological features of this subtype, we prospectively
and simultaneously assessed the levels of serum 1gG4 and
IgG4-positive plasma cells in orbital tissues obtained in 185
consecutive patients with TED and assess the possible asso-
ciation between 1gG4 levels and TED.

SUBJECTS AND METHODS
Patients

This prospective observational cohort study was performed
in consecutive patients with TED who underwent orbital
decompression and were simultaneously assessed for blood
and orbital adipose tissue between October 2017 and
December 2018. The diagnosis of TED was based on their
clinical, laboratory, and imaging findings.” The exclusion
criteria of the study were as follows: (1) prior surgery on
the operative eye, (2) steroid or immunosuppressive agent
use within the last 6 months, (3) pregnancy or lactation,
(4) active infection, (5) with any kind of immunodeficiency
disorder, and (6) evidence of any unresolved medical prob-
lem that can affect 1gG4 levels. Approval was obtained in
accordance with the Declaration of Helsinki and the Ethics
Committee of Zhongshan Ophthalmic Center, Sun Yat-sen
University. Written informed consent was obtained from
each patient.
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Laboratory Evaluation

Serum levels of total trilodothyronine (TT3), total thyrox-
ine (TT4), free triiodothyronine (FT3), free thyroxine (FT4),
thyroid-stimulating hormone (TSH), thyrotropin receptor
antibody (TRAb), and thyroid peroxidase antibody (TPOAb)
were measured by electrochemiluminescent immunoassays
(Roche, Rotkreuz, Switzerland). Antithyroglobulin antibody
(TgAb) levels were measured with a chemiluminescent
immunoassay (Architect i2000; Abbot Japan, Tokyo, Japan).
Serum IgG4 and complement C3 and C4 concentrations were
measured by turbidimetric assay (SRL, Tokyo, Japan).

Histopathological Evaluation and
Immunohistochemistry

After surgical resection of the orbital adipose tissue,
formalin-fixed and paraffin-embedded sections were
subjected to hematoxylin-eosin (HE) and immunohisto-
chemical staining. All sections of surgical specimens were
double-blind reviewed by two senior pathologists who
evaluated the histopathological findings. The intensities of
fibrosis and lymphocytic infiltration were semiquantified as
3+: severe, 2+: moderate, 1+: mild, or -: negative.

Immunohistochemical staining for 1gG4 (mouse mono-
clonal antibody, MRQ-44; Gene Tech, Shanghai, China), IgG
(rabbit monoclonal antibody; Gene Tech), CD20 (mouse
monoclonal antibody; Gene Tech), and CD3 (mouse mono-
clonal antibody; Gene Tech) were performed. For each
section, the mean numbers of IgG4-positive and IgG-positive
cells were counted in three high-power fields (HPFs), the
counts in the region with the highest density of immunos-
tained cells were calculated, and the IgG4/IgG ratio was
recorded. The area of each high-power region was approxi-
mately 0.24 mm? (Olympus BX50 microscope).

Diagnostic Criteria for the IgG4-positive and
IgG4-negative Groups

According to the diagnostic criteria for IgG4-related
ophthalmic disease (ROD) defined in 20142 patients with
TED were categorized into the IgG4-positive group if they
fulfilled either of the following criteria: (1) histopathologi-
cal IgG4-positive indicating a histopathological examination
showing an 1gG4-/I1gG- positive cell ratio > 40% or an 1gG4-
positive plasma cell density > 50/HPF, or (2) serum IgG4-
positive indicating a blood test showing elevated serum IgG4
levels (> 135 mg/dl). In particular, diagnosis was classified
as “definitive” when (1) and (2) were satisfied; “probable”
when only (1) was satisfied; and “possible” when only (2)
was satisfied. Patients who did not meet any of these require-
ments were considered IgG4-negative TED (IgG4-negative
group).

Ophthalmological Evaluation

The severity of TED was assessed according to the Euro-
pean Group on Graves’ Orbitopathy (EUGOGO) criteria,
which was categorized as mild, moderate to severe, or sight
threatening.” In addition, TED activity was assessed by the
EUGOGO seven-item clinical activity score (CAS) criteria, in
which CAS scores of 3 or higher are defined as active stage,
whereas those with CAS scores below 3 are defined as stable
stage.l®
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Treatment

The enrolled patients underwent orbital decompression,
which was conducted by the same experienced doctor,
followed by intravenous glucocorticoid administration.
Importantly, after surgery, patients with sight-threatening
TED or active eye disease received methylprednisolone
pulse therapy (MPT) at a dose of 1 g of methylprednisolone
per day for three consecutive days, which has been proven
effective for improving visual function and relieving clini-
cal symptoms compared with MPT alone in a recent study,"!
whereas all other patients received methylprednisolone at
a dose of 80 mg per day for three consecutive days. Pred-
nisone was subsequently taken orally at a dose of 30 mg/day
and gradually reduced to decrease the active immune attack
stimulated by surgical stress and postoperative chemo-
sis.!#13 The clinical features of the patients, including best
corrected visual acuity (BCVA) and CAS before surgery, were
analyzed.

Statistical Analysis

Statistical analyses were performed using SPSS version 22.0
(SPSS, Chicago, IL, USA). The means and standard devia-
tions (SDs) of the quantitative variables were calculated. The
paired t-test or analysis of variance (ANOVA) with Bonfer-
roni’s test for comparisons was used to analyze the quantita-
tive variables when the assumptions of normality and homo-
geneity of variance were satisfied; otherwise, the Mann-
Whitney U-test or Kruskal-Wallis test were used. Differences
between rates or ratios were determined using the x? test.
Logistic regression analysis was used to estimate the influ-
ence of variables on CAS in patients with TED. Two-tailed
Spearman’s rank correlation analysis was used to evaluate
the correlations between two variables. Any P value < 0.05
was considered to be statistically significant.

RESULTS

Of the 185 total patients who agreed to participate in
the study, 64 patients (34.6%) were included in the 1gG4-
positive group (histopathological or serum IgG4 positive),
including 15 patients (8.1%), 27 patients (14.6%), and 22
patients (11.9%) who were allocated to the definitive (both
histopathological and serum IgG4-positive), probable (only
histopathological 1gG4-positive), and possible (only serum
IgG4-positive) groups, respectively, and 121 patients (65.4%)
were included in the IgG4-negative group. The median age
was 49.4 (range, 17.0-76.0) years. There were 100 male
(54.1%) and 85 female patients (45.9%). All patients had
normal TT3, TT4, FT3, and FT4 levels before surgery. In addi-
tion, IgG4-RD was not observed in other organs during the
general examination.

Baseline Characteristics of Patients With
IgG4-positive and IgG4-negative TED

The baseline characteristics of the IgG4-positive and 1gG4-
negative patients with TED were compared and are summa-
rized in Table 1. Although sex, laterality, and smoking history
were not different among the four groups, patients were
older in the IgG4-positive group than in the IgG4-negative
group (P = 0.008). Specifically, patients were oldest in the
possible IgG4-positive group (P = 0.021), and were also
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FIGURE.

Histopathology images of IgG4-positive patients with TED. (A) HE staining (x 40 magnification), (B) HE staining (x 200 magnifica-

tion), (C) immunohistochemical staining for IgG4 (x 400 magnification), (D) immunohistochemical staining for IgG (x 400 magnification),
(E) immunohistochemical staining for CD20 (x 200 magnification), and (F) immunohistochemical staining for CD3 (x 200 magnification).

HE, hematoxylin and eosin.

older in the definitive and probable IgG4-positive groups,
although these differences were not significant.

Pre-operative CAS tended to be elevated as a function of
advancement in patients with 1gG4-positive TED (definitive
IgG4-positive versus probable IgG4-positive versus possi-
ble IgG4-positive versus IgG4-negative, 2.53 + 1.73 vs.
2.04 + 1.53 vs. 1.68 £ 1.49 vs. 1.05 + 1.16; P < 0.001).
When patients with TED were classified as having inactive
(n = 146; 78.9%) or active (n = 39; 21.1%) ophthalmopa-
thy status, the proportion of active patients was higher in
the IgG4-positive group than in the IgG4-negative group
(39.1% vs. 11.6%; P < 0.001).

In addition, IgG4-positive patients with TED had worse
BCVA than IgG4-negative patients with TED (P = 0.020).
Specifically, possible IgG4-positive patients with TED had
worst BCVA (P = 0.023), and BCVA was also worse in the
definitive and probable IgG4-positive groups than in the
IgG4-negative group, although these differences were not
significant. Moreover, disease was most severe in the possi-
ble IgG4-positive group (P = 0.002). The four groups did
not differ regarding steroid history, initial thyroid function,
I-131 therapy history, hypothyroidism after 1-131 therapy,
and duration of TED or thyroid disease.

Laboratory and Pathological Characteristics of
Patients With IgG4-positive and IgG4-negative
TED

Table 2 shows a comparison of the laboratory and patho-
logical findings obtained in patients with IgG4-positive and
IgG4-negative TED. Histopathological IgG4 levels tended to
be elevated as a function of advancement in patients with
IgG4-positive TED (definitive IgG4-positive versus proba-
ble IgG4-positive versus possible IgG4-positive versus 1gG4-
negative, 10.47 £ 14.94 vs. 3.33 + 4.84 vs. 1.18 + 1.82
vs. 0.66 + 0.94; P < 0.001). In addition, IgG4/IgG ratios

were higher in the IgG4-positive groups than in the IgG4-
negative group, with both P < 0.001 in definitive and prob-
able IgG4-positive subgroups, and was also higher in the
possible IgG4-positive group, although this difference was
not significant. Furthermore, definitive and possible 1gG4-
positive patients with TED had higher serum IgG4 levels
(P < 0.001 and < 0.001, respectively) than 1gG4-negative
patients with TED. In addition, serum IgG4 levels were
positively correlated with histopathological 1gG4 and the
IgG4/IgG ratio in all 185 patients (Pearson r = 0.1806,
P =0.011; » = 0.262, P < 0.001).

TRAD levels, lymphocytic infiltrates, and CD20+ lympho-
cyte counts were higher IgG4-positive patients with TED
than in the IgG4-negative patients with TED, especially in
the definitive IgG4-positive group (P = 0.039, 0.001, and
0.003, respectively). Moreover, TgAb and TPOAD levels were
also higher in the IgG4-positive than in the 1gG4-negative
group, but this difference was not significant. However, other
factors, including serum C3 and C4 levels, thyroid hormone
levels, pathological IgG counts, the presence of fibrosis,
and CD3+ lymphocytic infiltrate, were similar between the
two groups. The Figure displays the representative patho-
logic findings of the IgG4-negative patients with TED in the
present study.

IgG4 Subtype is an Independent Factor Associated
with Clinical Activity in Patients With TED

To identify whether IgG4 is an independent factor asso-
ciated with higher clinical activity in patients with TED,
we performed logistic regression analysis, including factors
potentially related factors with clinical activity (Table 3). In
the univariate analysis, age at diagnosis (P = 0.024) and
IgG4 subtype (definitive IgG4-positive, P < 0.001; probable
IgG4-positive, P < 0.001) were significantly associated
with active stage (CAS > 3) in patients with TED. In the
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TasLE 3. Univariate and Multivariate Analyses for Clinical Activity in Patients With TED

Univariate Regression Model

Multivariate Regression Model

Variable OR 95% CI 4 OR 95% CI P
IgG4 subtype
Definite 8.73 2.74-27.8 <0.001 6.83 2.07-22.6 <0.001
Probable 6.11 2.38-15.7 <0.001 5.83 2.19-15.5 <0.001
Possible 2.25 0.72-7.04 0.165 1.60 0.48-5.30 0.445
Female sex 0.59 0.28-1.22 0.159
Age at diagnosis, y 1.04 1.00-1.07 0.024 1.03 0.99-1.07 0.086
History of steroid use 1.79 0.73-4.36 0.204 1.80 0.69-4.72 0.233
Smoking history 1.98 0.97-4.09 0.062 1.39 0.49-3.93 0.538
1-131 therapy history 0.48 0.18-1.34 0.161 0.63 0.21-1.90 0.414

TED, thyroid eye disease; IgG4, immunoglobulin G4; BCVA, best corrected visual acuity; OR, odds ratio; 95%CI, 95% confidence interval.

Significant P values are shown with bold characters.

multivariate analysis, after adjusting for age, sex, smoking
status, history of I-131 therapy, and steroid therapy in
the multivariate analysis, the definite and probable IgG4
subtypes were independently associated with the active
stage in patients with TED (both P < 0.001, odds ratio
[OR] = 6.83; 95% confidence interval [CI] = 2.07-22.6 in
the definitive IgG4-positive group; OR = 5.83; 95% CI =
2.19-15.5 in the probable IgG4-positive group).

DISCUSSION

The purpose of this study was to demonstrate that there is
a subset of patients with TED with elevated IgG4 levels that
meets the IgG4-ROD criteria but shows no findings indicat-
ing systemic IgG4-RD. TED and IgG4-RD are both autoim-
mune fibrous inflammatory diseases in which Th2 lympho-
cytes play a dominant role in their development.'15 There-
fore, some scholars have recently suggested that there are
certain correlations between TED and IgG4-ROD, includ-
ing evaluated serum or histopathological IgG4 levels.3-51617
However, the data from a large number of patients with TED
with both pathological and serological IgG4 levels remain
limited. Our aim was to prospectively gather valid data
from patients with TED undergoing orbital decompression
to determine whether there is a subpopulation of patients
with TED with elevated 1gG4 levels and to identify the clin-
icopathological features of this subtype.

In the current study, a novel subgroup of patients with
TED undergoing orbital decompression with elevated I1gG4
levels was identified (34.6% of overall patients). Although
only 8.1% of patients with TED were both histopathological
and serum IgG4 positive, patients with either histopatho-
logical or serum IgG4 positivity still presented a series
of unique clinicopathologic features compared with 1gG4-
negative patients with TED. They were older and had higher
CAS, worse BCVA, a higher histopathological 1gG4 count, a
higher 1gG4/1gG ratio, and more lymphocytic infiltrates than
IgG4-negative patients.

The age of onset in patients with TED who were 1gG4
positive was 53.02 years, which was similar to that in patients
with IgG4-ROD (mean age 55.5 years)'®!? and slightly
younger than that in other patients with IgG4-RD (mean age
58 years).?” Moreover, our study suggests that IgG4-positive
patients with TED are older than IgG4-negative patients with
TED (47.45 years), similar to what has been found in 1gG4-
positive patients with GD.?! However, in a report from Korea,
there was no difference in the age of onset of TED between
the IgG4-negative and IgG4-positive subtypes when differ-

entiated by serology,> which may be related to the fact that
all of their subjects were patients with GD and in a younger
age group (37.20 years). In fact, IgG4 levels do not increase
with age, suggesting that some unknown factor may be
responsible for the abnormal expression of IgG4.>

We found that the IgG4-positive subtype was an inde-
pendent factor associated with the active stage in patients
with TED. There were more active patients and patients
with a higher CAS in the IgG4-positive group than in
the IgG4-negative group in our study, consistent with the
conclusion presented in a previous Korean study.® In addi-
tion, our results show that IgG4-positive patients had more
severe disease and worse BCVA than IgG4-negative patients.
According to the natural course of TED, the early stage of
TED is progressive and reflects the process of autoimmu-
nity, with activity peaking at 13 to 24 months.?>?* Then,
the inflammatory response gradually subsides to the plateau
stage, with increased intramuscular fatty degeneration and
fibrosis.?4?> This suggests that IgG4 may play an important
role in the early onset of TED and that high 1gG4 activity
predicts the development of more severe muscle lesions and
orbital fibrosis and even a worse visual prognosis. Moreover,
in our study, the IgG4-positive group had higher levels of
TRADb, TgAb, and TPOAb, and more orbital tissue lympho-
cytic infiltration than the IgG4-negative group, indicating
that IgG4 is an asymmetric, bispecific antibody that is closely
related to the activity of the disease from the perspective of
autoimmune diseases caused by thyroid destruction.!?!

Similar to the research of a small group of patients with
TED (24 cases) in America,(’ in our study of 185 Chinese
patients, 37 patients (20.0%) with TED had elevated serum
IgG4 levels. Furthermore, 42 patients (22.7%) with TED
had an elevated histopathological 1gG4/1gG ratio. In fact,
similar to our study, other studies have found that the
serum level of IgG4 is often but not always elevated in
patients with IgG4-RD,?® approximately only two-thirds of
patients with IgG4-RD have elevated serum IgG4 levels,?’
and only 23% of pathologically identified patients with IgG4-
positive IgG4-RD had elevated serum IgG4 levels.?® The
relative dys-synchrony of serum and pathologic IgG4 may
provide two possible explanations for the overabundance
of IgG4 antibodies: tissue-destructive immunoglobulins and
the response to an unknown primary inflammatory stimu-
lus.! However, we found that patients with either histopatho-
logical or serum IgG4 positivity still presented a series
of unique clinicopathologic features compared with 1gG4-
negative patients with TED, indicating a more active and
severe subtype.
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Some limitations in this study need to be noted. We inves-
tigated only patients with TED undergoing orbital decom-
pression, which involved a large number of patients with
moderate-to-severe and even sight-threatening disease. As
reported before,? the female-to-male ratio in these patients
was significantly lower than that in Caucasian patients with
TED and even overall patients with TED. Moreover, it is diffi-
cult to make comparison with other studies of patients with
mild TED.

In conclusion, in the current study, we propose clinical,
serological, and histopathological characteristics of the 1gG4
subtype of patients with TED and confirm that elevated IgG4
levels are common in patients with TED and should be given
consideration. IgG4-positive patients with TED are charac-
terized by older age, higher activity, and more severe disease.
IgG4-positive subtype was an independent factor associated
with the active stage in patients with TED, indicating that
IgG4 may also play an important role in the pathogenesis of
TED.
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