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Abstract
Purpose To investigate the clinical features and treatment outcomes of IgG4-related ophthalmic disease (IgG4-ROD) among
idiopathic orbital inflammatory disease (IOID) patients.
Methods The medical records of 165 biopsy-proven IOID patients were retrospectively reviewed. Biopsy specimens were
immunostained to detect IgG4 and IgG, and data regarding the clinicopathologic features, treatment outcomes, and recur-
rence were analyzed.
Results Among the 165 IOID patients enrolled, 100 (60.6%) were histopathologically IgG4-positive. The IgG4-positive
patients had a lower rate of painful swelling or mass (17.0% versus 33.8%, p= 0.013), a longer symptom duration (p=
0.070), and a lower proportion of eyelid hyperemia (39.0% versus 58.5%, p= 0.014) than the IgG4-negative patients.
Increased Ki-67 expression (15.02 ± 6.86%, p < 0.001) was observed in the IgG4-positive patients with characteristic
pathological manifestations (more lymphocyte infiltration, nodular plasma cell infiltration, and follicular hyperplasia).
IgG4-positive group had a higher recurrence rate in the subgroup of patients treated with surgery plus oral glucocorticoids
(p= 0.046), and combined radiotherapy group has a higher cumulative proportion with recurrence (p= 0.011).
Conclusion Over 60% of biopsy-proven IOID were classified as IgG4-ROD with a stronger proliferation potential.
Additional radiotherapy after surgical debulking with oral corticosteroids still has a higher relapse rate, and more effective
treatments are needed to prevent recurrence.

Introduction

IgG4-related disease (IgG4-RD) is a recently recognized
tumefactive condition characterized by excessive IgG4-
positive plasma cell infiltration [1, 2]. This immune-
mediated disease synchronously or metachronously

involves various organs, and the preferred nomenclature
for orbit and ocular IgG4-RD is IgG4-related ophthalmic
disease (IgG4-ROD). Previous studies suggested that
IgG4-ROD and idiopathic orbital inflammatory disease
(IOID), a non-granulomatous inflammatory process with
an unknown etiology and clear heterogeneity, shared
overlapping clinical and pathological manifestations
[3, 4], indicating that IgG4-ROD might be a component of
IOID. However, the precise role of IgG4 in IOID remains
to be fully elucidated [5].

IgG4-ROD represents a distinct condition with different
clinical and pathological features [6, 7, 8]. However, most
reports were small case series involving mainly Asian
populations from Japan and Korea as well as Caucasian
populations in the West [6], there have been few studies
involving Chinese populations. The purpose of this study
was to assess the proportion of IgG4-ROD among IOID
cases in a large Southern China-based cohort and to explore
the clinicopathologic features and treatment outcomes of
patients with IOID.
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Methods

Patients

This study was a retrospective case series. The medical
records of 165 biopsy-proven IOID patients were reviewed
from December 2015 to October 2018 at Zhongshan Oph-
thalmic Center of Sun Yat-sen University. The exclusion
criteria were as follows: (1) thyroid-associated ophthalmo-
pathy; (2) granulomatous inflammation or infection; (3)
lymphoid hyperplasia or lymphoma; (4) IgG4 and IgG
staining was unavailable. Written informed consent was
obtained from all patients, and the study was approved by
the Institutional Review Board of Zhongshan Ophthalmic
Center and carried out according to the tenets of the
Declaration of Helsinki.

Clinical, biological, and radiological information

Clinical information, including age at diagnosis, sex, clinical
manifestations, disease management, and follow-up data,
were retrieved from the medical charts of patients. Whole
blood cell counts, serum IgG4 levels, and complement C3
and C4 concentrations were recorded. All participants
underwent imaging examination (computerized tomography
or magnetic resonance imaging), and the laterality and
locations (including the lacrimal gland, orbital fat, extrao-
cular muscle, optic nerve, eyelid, and conjunctiva) as well as
the presence of paranasal sinusitis were recorded.

Histopathological analysis

All samples obtained at the time of diagnosis were blindly
analyzed by two pathologists (PZ and LT). The formalin-
fixed and paraffin-embedded sections were subjected to
haematoxylin–eosin and immunohistochemical staining. The
intensities of fibrosis (collagenous or storiform), lymphocytic
infiltration, plasmacytic infiltration (nodular or diffuse), eosi-
nophilic infiltration, and follicular hyperplasia were semi-
quantified as absent (0), small amount (1), moderate amount
(2), and marked amount (3) [3].

Immunohistochemical staining for IgG4 (mouse mono-
clonal, MRQ-44, Gene Tech, Shanghai, China), IgG (mouse
polyclonal, Gene Tech, Shanghai, China), and Ki-67 (mouse
monoclonal, UMAB107, ZSGB-Bio, Beijing, China) was
performed. For each section, the mean numbers of IgG4 and
IgG positive cells in three high-power fields (HPFs) were
calculated, and the ratio of IgG4/IgG was recorded.

Diagnostic criteria for IgG4-ROD

A diagnosis of IgG4-ROD was made according to the
comprehensive diagnostic criteria [9]. Pathologically,

patients were categorized into IgG4-positive and IgG4-
negative. Specimens with a ratio of IgG4/IgG > 40% and
>10 IgG4-positive plasma cells/HPF were scored as posi-
tive, which including definite and probable diagnosis of
IgG4-ROD.

Treatment and outcomes

The enrolled patients underwent biopsy or surgical
debulking with oral corticosteroids and additional treatment
(radiotherapy or radiotherapy plus chemotherapy), if
necessary. Notably, patients with diffuse swelling were
treated with biopsy, and patients with masses type under-
went surgical debulking. 20–24 Gy fractional radiotherapy
was used for residual masses or refractory cases.

During the follow-up period (19.49 ± 10.16 months),
the participants were examined in the outpatient depart-
ment every 3–6 months according to their conditions, with
telephone follow-up interviews at specific intervals.
Treatment response was categorized as complete response
(CR) and partial response (PR). CR was defined as com-
plete remission at the last follow-up achieved clinically
and radiologically. PR was defined as incomplete clinical
remission or more than two treatment courses or therapies
required. Recurrence was defined as the re-emergence
of symptoms or the enlargement of lesions during the
follow-up period.

Statistical analyses

Categorical variables are presented as numbers (percen-
tages) and were evaluated using the chi-square test or
Fisher’s exact test. Continuous variables are expressed as
the mean ± standard deviation (SD), and a t test or
Mann–Whitney U-test was performed unless otherwise
indicated. Survival curves for recurrence were using the
Kaplan–Meier method and compared between groups using
log-rank tests. SPSS version 22.0 (SPSS, Chicago, Illinois,
USA) was utilized for statistical analyses, and p < 0.05 was
considered significant. As this study was an exploratory
work, no priori statistical power calculation has been
carried out.

Results

Baseline demographic and laboratory data of
patients with IgG4-positive and IgG4-negative

A total of 165 patients with biopsy-proven IOID were
ultimately enrolled in the study. Of these, 100 (60.6%)
patients were pathologically IgG4-positive. The lacrimal
gland was the most commonly affected site and no
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conjunctival involvement was found in this study.
The demographic and laboratory data of the patients are
displayed in Table 1. The mean age at diagnosis in the
IgG4-positive patients was 43.30 ± 16.50 years, and

the male proportion was higher than that in the IgG4-
negative patients (60.0% versus 38.5%, p= 0.007).
Bilateral involvement was more common in the IgG4-
positive patients than in the IgG4-negative patients

Table 1 Clinical features of the IgG4-positive and IgG4-negative idiopathic orbital inflammatory disease.

IgG4-positive
(n= 100)

IgG4-negative
(n= 65)

Total
(n= 165)

p value

Sex [n (%)]

Male 60 (60.0%) 25 (38.5%) 85 (51.5%) 0.007

Female 40 (40.0%) 40 (61.5%) 80 (48.5%)

Age (years) 43.30 ± 16.50 40.65 ± 15.46 42.25 ± 16.10 0.302

Smoking history [n (%)]

Current smoker 19 (19.0%) 15 (23.1%) 34 (20.6%) 0.527

Non or former smoker 81 (81.0%) 50 (76.9%) 131 (79.4%)

Structures involved [radiological imaging, n (%)]

Lacrimal glands 73 (73.0%) 43 (66.2%) 116 (70.3%) 0.347

Extraocular muscles 45 (45.0%) 30 (46.2%) 75 (45.5%) 0.884

Orbital fat 37 (37.0%) 28 (43.1%) 65 (39.4%) 0.435

Optic nerve 2 (2.0%) 0 (0) 2 (1.2%) 0.520

Conjunctiva 0 (0) 0 (0) 0 (0) NA

Eyelid 20 (20.0%) 9 (13.8%) 29 (17.6%) 0.310

Paranasal sinusitis 68 (68.0%) 30 (46.2%) 98 (59.4%) 0.005

Laterality [n (%)]

Unilateral 51 (51.0%) 52 (80.0%) 103 (62.4%) <0.001

Bilateral 49 (49.0%) 13 (20.0%) 62 (37.6%)

Symptom duration (months)
[median (IQR)]

12.00 (4.00–33.00) 6.00 (2.00–18.00) 10.00 (3.00–24.00) 0.070a

Clinical manifestation [n (%)]

Pain 17 (17.0%) 22 (33.8%) 39 (23.6%) 0.013

Eyelid swelling/mass 94 (94.0%) 63 (96.9%) 157 (95.2%) 0.629

Eyelid hyperemia 39 (39.0%) 38 (58.5%) 77 (46.7%) 0.014

Diplopia 13 (13.0%) 19 (29.2%) 32 (19.4%) 0.010

Proptosis 52 (52.0%) 28 (43.1%) 80 (48.5%) 0.262

EOM restriction 31 (31.0%) 25 (38.5%) 56 (33.9%) 0.323

Decreased visual acuity 26 (26.0%) 20 (30.8%) 46 (27.9%) 0.504

Ptosis 12 (12.0%) 15 (23.1%) 27 (16.4%) 0.060

Systemic manifestations [n (%)]

Autoimmune disease/allergic
history

16 (16.0%) 7 (10.9%) 23 (14.0%) 0.362

Pulmonary nodules 14 (14.0%) 9 (13.8%) 23 (13.9%) 0.978

Laboratory findings

Eosinophils (%) [median (IQR)] 3.45 (1.50–7.78) 1.35 (0.80–2.68) 2.20 (1.03–5.98) <0.001a

Serum IgG4 (g/L) [median (IQR)] 3.68 (0.74–13.48) 0.66 (0.27–0.87) 1.35 (0.64–9.26) 0.002a

Serum C3 (g/L) 1.17 ± 0.22 1.35 ± 0.25 1.24 ± 0.24 0.020

Serum C4 (g/L) 0.29 ± 0.14 0.32 ± 0.11 0.30 ± 0.13 0.585

Follow-up (months) 19.36 ± 9.66 19.69 ± 10.96 19.49 ± 10.16 0.842

Treatment

Surgery+oral glucocorticoids 83 (95.4%) 41 (87.2%) 124 (92.5%) 0.170

Additional treatment 4 (4.6%) 6 (12.8%) 10 (7.5%)

Treatment responseb

Complete response 42 (48.3%) 23 (48.9%) 65 (48.5%) 0.942

Recurrenceb

Recurrence 28 (32.2%) 9 (19.1%) 37 (27.6%) 0.107

p values < 0.05 are in bold.

IQR interquartile range, NA not applicable, EOM extraocular muscle.
aMann–Whitney U-test was used to compare the two groups.
bn= 134.
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(49.0% versus 20.0%, p < 0.001). The IgG4-positive
patients usually presented with painless swelling or a
mass (p= 0.013); eyelid hyperemia was relatively
rare (39.0%, p= 0.014), and the symptom duration tended
to be longer (median= 12 months, interquartile range (IQR)
= 4.00–33.00 months, p= 0.070). An increased proportion of
IgG4-positive patients presented paranasal sinusitis (68.0%,
p= 0.005), while diplopia was more common in the IgG4-
negative patients (29.2%, p= 0.010).

An increased proportion of eosinophils (median=3.45%,
IQR= 1.50–7.78%, p < 0.001), significantly elevated serum
IgG4 levels (median=3.68 g/L, IQR= 0.74–13.48 g/L, p=
0.002) and decreased C3 levels (1.17 ± 0.22 g/L, p= 0.020)
were found in the IgG4-positive group, albeit there was no
difference with regard to previous autoimmune diseases or
an allergy history (p= 0.362).

Histological features and correlations between IgG4+

plasma cells and clinical variables in IOID patients

To estimate the pathological implications of IgG4 in tissue,
we compared the histological characteristics of the IgG4-
positive and IgG4-negative patients (Table 2). The IgG4-
positive group showed an increased lymphocytic infiltration
(87.0%, p < 0.001), nodular plasmacytic infiltration (p <
0.001), follicular hyperplasia (p < 0.001), and Ki-67
expression (15.02 ± 6.86%, p < 0.001). Notably, storiform
fibrosis was rare (18.2%) and coexisted with collagen
fibrosis. The comparisons of orbital fibrosis type and eosi-
nophilic infiltration did not reach statistical significance.
Correlations between IgG4+ plasma cells and clinical
parameters are summarized in Table 3. IgG4+ plasma
cells were positively correlated with eosinophils (r= 0.226,

Table 2 Histopathologic
features of the IgG4-positive and
IgG4-negative idiopathic orbital
inflammatory disease.

IgG4-positive
(n= 100)

IgG4-negative
(n= 65)

Total
(n= 165)

p value

Background fibrosis [n (%)]

Type

Collagen 80 (80.0%) 52 (80.0%) 132 (80.0%) 0.202

Storiform 0 (0) 0 (0) 0 (0)

Collagen+storiform 17 (17.0%) 13 (20.0%) 30 (18.2%)

Score

0–1 71 (71.0%) 39 (60.0%) 110 (66.7%) 0.143

2–3 29 (29.0%) 26 (40.0%) 55 (33.3%)

Lymphocytic infiltrate
[n (%)]

Score

0–1 13 (13.0%) 25 (38.5%) 38 (23.0%) <0.001

2–3 87 (87.0%) 40 (61.5%) 127 (77.0%)

Plasmacytic infiltrate [n (%)]

Type

Nodular 85 (85.0%) 35 (53.8%) 120 (72.7%) <0.001

Diffuse 15 (15.0%) 29 (44.6%) 44 (26.7%)

Score

0–1 31 (31.0%) 38 (58.5%) 69 (41.8%) <0.001

2–3 69 (69.0%) 27 (41.5%) 96 (58.2%)

Eosinophilic infiltrate [n (%)]

Score

0–1 73 (73.0%) 54 (83.1%) 127 (77.0%) 0.133

2–3 27 (27.0%) 11 (16.9%) 38 (23.0%)

Follicular hyperplasia [n (%)]

Score

0–1 34 (34.0%) 45 (69.2%) 79 (47.9%) <0.001

2–3 66 (66.0%) 20 (30.8%) 86 (52.1%)

Ki-67a 15.02 ± 6.86 10.83 ± 5.03 13.37 ± 6.52 <0.001

p values < 0.05 are in bold.
an= 164.
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p= 0.004) and Ki-67 (r= 0.396, p < 0.001), while nega-
tively correlated with serum C3 (r=−0.338, p= 0.029).
Figure S1 displayed representative pathologic findings of
IgG4-ROD of present study.

Clinical outcomes of IgG4-positive and IgG4-
negative IOID patients

During follow-up period (19.49 ± 10.16 months), the treat-
ment outcomes and recurrence of 134 patients were recorded.
One hundred and twenty-four patients treated with oral pre-
dnisolone were administrated at dose of 0.6–0.8mg/kg/day
for 1st week and then tapered by 10mg every 3–4 weeks.
Additional radiotherapy was given in ten cases, and one
patient progressed to require chemotherapy after radiotherapy
had failed.

Sixty-five (48.5%) patients reached a CR and thirty-
seven (27.6%) patients experienced a relapse. Recurrence
occurred in 32 patients in surgery plus oral glucocorticoids
group, 5/10 patients in the additional treatment group
relapsed. Recurrence was more frequent in patients with
IgG4-positive group than in those with IgG4-negative group
(32.2% versus 19.1%) (Table 1), especially in the subgroup
of patients treated with surgery plus oral glucocorticoids
(31.3% versus 14.6%, p= 0.046) (Fig. 1). Furthermore, the
cumulative proportion without recurrence was higher in the

surgery plus oral glucocorticoids group than additional
treatment (radiotherapy) group (p= 0.011) (Fig. 2).

Discussion

Compared with other published articles, this study contained
the largest sample size to undergo IgG4 immunohistochem-
istry. Most of the literature consisted of small case series
[7, 10] and it is difficult to generalize their results. In addition,
large samples are needed due to the differential diagnoses are
still obstacles in the study of IgG4-RD.

This study analysed the prevalence of IgG4-RD in
pathologically confirmed IOID patients. Regardless of the
pathological or comprehensive diagnostic criteria, more
than 60% of IOID patients were classified as IgG4-RD. A
higher proportion of IgG4-ROD in IOID patients was
observed in Japanese studies from 2008 to 2012 [11–13],
suggesting that the increasing rate may be caused by an
increasing awareness of IgG4-RD among clinicians. Our
results (60.6%) were concordant with those from a study
from Japan (61.5%) [13] and slightly reduced in Korea
(45.8%) [7]. However, our results were higher than those
from western countries, France (37.1 and 40.0%) [8, 14]
and Australia (23.6%) [10], and slightly higher than the
United States (52.4%) [3]. These results suggest that the
prevalence of IgG4-ROD in IOID patients may be influ-
enced by ethnicity. IOID is a group of heterogeneous dis-
eases, and the differences in the clinical, imaging, and
histology characteristics suggest that IgG4-ROD may have
different pathogenesis and pathophysiology mechanisms.
IgG4-positive IOID was predominant in males, while other
autoimmune diseases were more prevalent in females [15].
Nevertheless, there was no significant gender advantage
when compared with IgG4-associated AIP [16, 17].
Consistent with the results of a previous study [8], IgG4-
positive was mainly manifested as more diplopia, less
eyelid congestion, a trend toward longer symptom duration,
painless swelling and bilateral involvement, which was

Table 3 Correlation of IgG4+ plasma cells with laboratory variables in
idiopathic orbital inflammatory disease.

IgG4+ plasma cells

r p value

Eosinophils (%) 0.226 0.004

Serum IgG4 (g/L) 0.009 0.952

Serum C3 (g/L) −0.338 0.029

Serum C4 (g/L) 0.055 0.728

Ki-67a 0.396 <0.001

p values < 0.05 are in bold.
an= 164.

Fig. 1 Flow diagram of
patients in the study. The flow
chart summarising the treatment
modalities and comparisons of
recurrence rate of patients with
idiopathic orbital inflammatory
disease.
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contrary to the literature that suggested more monocular
involvement [18, 19]. In addition, this study has suggested
that IgG4-positive is dominated by space-occupying effects
and is more insidious and causes less “inflammation” than
IgG4-negative.

The proliferation indicator Ki-67 can be used as a prog-
nostic and predictive marker [20]. Ki-67 expression was
significantly higher in IgG4-positive patients than in IgG4-
negative patients, indicating a stronger proliferation potential
in IgG4-ROD, and positively correlated with IgG4+ plasma
cells. Lymphoma was detected in patients with prior IgG4-RD
diagnoses [21]; two IgG4-positive patients developed large B-
cell lymphoma and MALT lymphoma during the follow-up
period, as previously mentioned in the meta-analysis [6]. We
inferred that IgG4 in tissue increased the risk of lymphoma
development in IOID patients.

There are no international treatment guidelines for
IgG4-ROD. Systemic glucocorticoids are the first-line agent
for IgG4-RD, but recurrence is common [2]. Disease-
modifying antirheumatic drugs (methotrexate, mycopheno-
late mofetil, infliximab, adalimumab, and rituximab (RTX)),
radiotherapy and surgery are reported treatment modalities for
IgG4-RD [22]. Adjunctive orbital radiotherapy with systemic

corticosteroids may help to achieve better disease control, but
the precise role of adjunctive orbital radiotherapy on the
ocular adnexal IgG4-RD is still unknown [23]. In this study,
27.6% of IOID patients experienced recurrence in the follow-
up. Incomplete surgical resection, biopsy with residual mass,
or unalleviated clinical manifestation after corticosteroids
treatment in patients treated with additional radiotherapy may
help to explain why combined radiotherapy group has a
higher cumulative proportion with recurrence. Inflammatory
masses were basically removed to avoid disease recurrence in
the surgical debulking with oral glucocorticoids patients.

Due to limited patient data, the efficacy of orbital
radiotherapy is still uncertain and the value of surgical
debulking requires future investigation [24]. There are few
reports of radiotherapy in patients with IOID, and this is
the first report to document the long-term outcomes of
radiotherapy in the IOID patients. Radiation therapy has a
well-defined role in cases of steroid failure or in patients
unable to tolerate steroid therapy. Orbital radiotherapy with
systemic corticosteroids achieved stable clinical manifesta-
tions in refractory ocular adnexal IgG4-RD [23]. RTX is
used for refractive patients [25], but relapses are frequent
after B-cell reconstitution. Systematic RTX maintenance

Fig. 2 Analyses of cumulative proportion without recurrence in
patients with idiopathic orbital inflammatory disease. a Kaplan–Meier
survival curves for comparing relapse rates between the surgery plus oral

glucocorticoids and the additional treatment. Subgroup analyses for
b IgG4-positive group and c IgG4-negative group.
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retreatment is statistically associated with a longer relapse-
free survival [26]. To avoid excessive destructive treatment,
we need to find more effective treatments (such as other
immunosuppressants) to prevent recurrence.

Our study had the following limitations: (1) this study
was retrospective; (2) the postoperative serum IgG4 levels
were not detected; (3) most of the patients did not undergo
extraorbital systemic evaluation; and (4) RTX was not used
for refractory cases. IgG4 is considered to be a less reliable
marker for diagnosis and assessing response to treatment.
IgG4-secreting plasmablasts/plasma cells was newly pro-
posed to be a potentially useful biomarker have been pro-
posed [27]. Prospective studies and long-term follow-up are
required to ascertain serological, clinical, and imaging
changes after RTX or other effective treatments, and look
for new biomarkers for diagnosis and assess prognosis.

In conclusion, our data indicated that more than 60% of
patients were diagnosed with IgG4-ROD and this is the lar-
gest audit of treatment outcomes in Southern China.
According to the IgG4 classification in the tissues of IOID
patients, patients with IgG4-positive and IgG4-negative had
significant differences in clinical pathology, suggesting that
there may be distinct pathogenic mechanisms for IgG4-ROD.
Our results highlighted the following aspects: (1) IgG4-
positive is dominated by space-occupying effects and is more
insidious; (2) Ki-67 is positively correlated with IgG4+

plasma cells, indicting IgG4-ROD has a stronger proliferation
potential; (3) IgG4-positive group has a higher recurrence rate
in the subgroup of patients treated with surgery plus oral
glucocorticoids; (4) combined radiotherapy group has a
higher cumulative proportion with recurrence, and other
treatment is urgently needed to prevent recurrence. Further
studies should focus on the pathogenesis of IgG4-ROD, and
prospective studies to observe the natural history and long-
term prognosis of IOID patients should be conducted.

Summary

What was known before

● IgG4-related IOID represents a distinct condition with
different clinical and pathological features. However,
most reports were small case series involving mainly
Asian populations from Japan and Korea as well as
Caucasian populations in the West.

What this study adds

● This study is a large sample study of IgG4-related IOID
involving Chinese population and depicts the relative
differences in clinical features and treatment outcomes.
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