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Abstract

This study aims to analyze clinical and pathologicalcharacteristics of ocular adnexal extra-
nodal marginal zone B-celllymphoma (EMZL) accompanying IgG4-positive cells. Fifty
patients with a diagnosis of primary non-conjunctival ocular adnexal EMZL were enrolled in
this study. The number of IgG4-positive cells and the ratio of IgG/IgG4 were evaluated by
immunohistochemistry in the biopsy specimens. The patients were divided into two groups
based on the absolute number and the ratio of IgG4-positive cells (IgG4-posivite vs IgG4-
negative groups). The demographic data, clinical staging at diagnosis, histopathological
characteristics, and response to initial treatment were comparatively analyzed between the
2 groups. Five (10%) of 50 patients were defined as IgG4-positive group, and all the cases
showed characteristic histological features such as extensive plasma cell infiltration and
dense fibrosis. Most of these patients (4 of 5 patients) had lymphoma of the lacrimal gland.
The patients from the IgG4-positive group showed a lower response rate to initial treatment
(87.5 vs 33%, p = 0.03) than IgG4-negative group with a median follow-up period of 38
months. A part of the ocular adnexal EMZLs were accompanied with IgG4-positive cells.
Significantly, most IgG4-positive ocular adnexal EMZLs occurred in the lacrimal gland, and
can be related with a more frequent treatment failure.

Introduction

Recognition of IgG4-related sclerosing disease is clinically important because it can be mis-
taken for malignancy owing to its tumefactive nature. Essentially, it is non-neoplastic disease
that is histologically characterized by dense sclerosis and by the presence of abundant
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IgG4-positive plasma cells [1-3]. Individual organs, including the pancreas, bile duct, retroper-
itoneal soft tissues, liver, thyroid, lung, and salivary glands can be involved, or it can present as
a systemic condition [2]. Although the prototype of IgG4-related disease in the ophthalmologic
field is bilateral dacryoadenitis accompanied by sialadenitis (formerly known as Mikulicz dis-
ease), involvement of other ocular adnexal tissues such as orbital fat, extraocular muscles, and
the lacrimal sac has been reported [4-6].

Several studies have investigated a potential relationship between IgG4-related disease and
extranodal marginal zone B-cell lymphoma (EMZL) [7-10]. Cheuk et al initially described 3
cases of ocular adnexal lymphoma in patients with chronic IgG4-related sclerosing dacryoade-
nitis, and 3 cases of ocular adnexal EMZL displaying histological background of sclerosing
inflammation and the presence of IgG4-positive plasma cells [9]. More recently, Kubota et al
reported 10 cases of ocular adnexal EMZL accompanied by a heavy infiltration of IgG4-positive
plasma cells out of 114 cases [7]. These results suggest that IgG4-positive plasma cells might
participate in the pathogenesis of EMZL in a subset of the cases. However, clinical implications
of this finding had not been fully investigated and further studies are needed to support these
studies.

Therefore, the present study was designed to establish clinical and pathological characteris-
tics of ocular adnexal EMZL accompanying IgG4-positive cells.

Methods
Patients selection

We surveyed our database for patients with a diagnosis of ocular adnexal EMZL, confirmed by
a surgical biopsy at the Department of Ophthalmology of Seoul National University, Seoul
National University Boramae Hospital, and Seoul National University Bundang Hospital
between 2000 and 2010. Patients with solely conjunctival lymphoma or secondary lymphoma
were excluded from the study. Clinical data were obtained from medical records, and pretreat-
ment biopsy specimens were collected from all patients. The written informed consent was
waived due to the study’s retrospective nature. This study followed the tenets of Helsinki Decla-
ration, and the data were analyzed anonymously. The protocol for this study was approved by
the institutional review board of Seoul National University Boramae Hospital (16-2013-19).

Histopathological features of EMZL and IgG/IgG4 scoring

Serial 4-um-thick sections were sliced from formalin-fixed and paraffin-embedded tissue
blocks, and subjected to haematoxylin and eosin (H&E) staining and immunohistochemistry.
Three haematopathologists (J.E.K, Y.K.J., and J.Y.C) reviewed all H&E and immunohistochem-
istry slides and achieve a consensus. PCR-based gene rearrangement study for immunoglobulin
heavy chain was performed for a few selected cases. Immunohistochemical staining of paraf-
fin-embedded tissue sections was performed as previously described.'' Each 4-pum tissue sec-
tion was incubated with anti-IgG (1:10000, DakoCytomation, Copenhagen, Denmark) and
anti-IgG4 (1:5000, Invitrogen, Carlsbad, CA, USA), using a BenchMark automatic immunos-
taining device (Ventana Medical Systems, Tucson, AZ, USA) with standard heat-induced anti-
gen retrieval.

The extent of IgG4-positive plasma cell infiltration was evaluated either by the absolute
number of IgG4-positive cells or by the ratio of IgG4 to IgG-positive cells per high-power field
(HPEF), defined as a region with the highest density of immunostained cells, covering an area of
0.14 mm®. Images were taken by a DP72 digital camera mounted on a BX51 microscope
(Olympus Corp., Tokyo, Japan). The patients with IgG4/1gG cell ratio > 40% and IgG4-posi-
tive plasma cell density > 50/HPF were classified as IgG4-positive ocular adnexal EMZL
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patients (IgG4-positive group). The patients who did not meet the requirements were consid-
ered as IgG4-negative ocular adnexal EMZL (IgG4-negative group) [2].

Detection of Chlamydia psittaci

Presence of Chlamydia psittaci was tested in 32 samples of ocular adnexal EMZL via touch-
down enzyme time-release PCR (TETR-PCR) as previously described [11]. Genomic DNA was
extracted from paraffin-embedded tumor tissues using QIAamp DNA FFPE kit (Qiagen,
Valencia, CA, USA). The primer sequences for Cp were 5'-CCC AAG GTG AGG CTG ATG
AC-3' (forward) and 5-CAA ACC GTC CTA AGA CAG TTA-3' (reverse). Ta-CLONED Cp
DNA was used as a positive control. The annealing temperature was 54°C. The amplified DNA
fragments were electrophoresed on 2% agarose gels and were visualized after staining with
ethidium bromide.

Clinical data

Disease stage was defined according to the American Joint Committee on Cancer (AJCC) clas-
sification [12]. The response rate and progression-free survival to initial treatment were also
compared in patients who were followed up more than 6 months. Response assessments were
established according to the revised response criteria for malignant lymphoma defined as fol-
lows: complete remission (CR), complete disappearance of all clinical evidence of lymphoma
based on physical examination and orbital computed tomography or magnetic resonance
imaging; partial remission (PR), regression of measurable disease and no new disease sites;
relapsed or progressive disease (PD), any new lesion or increase in size by >50% from the
nadir at previously involved sites; and stable disease (SD), failure to attain CR,PR or PD [13].

Progression-free survival was calculated from the date of first-line treatment to the date of
disease progression, death, or the last follow-up visit. The Fisher’s exact test was used to com-
pare possible associations between the categorical variables. For the continuous variables, the
Mann-Whitney U test was used. For all the tests, p < 0.05 was considered to be statistically sig-
nificant. All the statistical analyses were performed using the SPSS software (SPSS for windows
Release, version 14.0, SPSS, Chicago, IL, USA).

Results

Data from 143 patients with ocular adnexal EMZL were retrieved from medical records by
computerized search. Among them, 88 patients with conjunctival lymphoma and 5 patients
without available tissue-blocks were excluded, and finally 50 patients were enrolled in this
study. Ten of fifty patients were overlapped with previous research conducted at Seoul National
University Hospital [14]. The mean age was 56 years (range: 23-72 years) with a male-female
ratio of 35:15, and bilateral involvement was observed in 8 patients (16.0%). The most common
presenting symptom was palpable mass in 17 patients (34%), followed by eyelid swelling (13
patients, 26%), proptosis (11 patient, 22%), diplopia (4 patients, 8%), ptosis (3 patients, 6%),
and decreased vision (2 patients, 4%). None of the patients complained B symptoms. Serum
LDH values were available for 40 patients and 8 patients (20%) showed elevated LDH levels.
All cases diagnosed with ocular adnexal EMZL showed characteristic histologic features such
as dense small lymphoid cell infiltration with only slight atypia, variable degree of plasmacytoid
differentiation, invasive features represented by follicular colonization or lymphoepithelial
lesions. Immunohistochemical stain revealed that tumor cells were diffusely positive for CD20,
CD?79a, bcl-2, and negative for CD3, CD5, CD10, cyclin D1 and bcl-6, which excludes the pos-
sibility of low grade B-cell lymphoma other than EMZL. Based on IgG and IgG4 immunostain-
ing, 5 patients (10%) were defined as the IgG4-positive group and 45 patients were considered
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Fig 1. (A) Computed tomographic image revealing an enlarged lacrimal gland of the left side, with homogenous enhancement. (B) Histological
examination result showing lymphoplasma cell infiltration and background fibrosis (H&E, original magnification x200). Immunohistochemical staining for (C)
IgG and (D) IgG4 (original magnification x200) showing that most of the IgG-positive cells are positive for IgG4.

doi:10.1371/journal.pone.0131458.9001

as the IgG4-negative group. Histologically, all the 5 patients in the IgG4-positive group showed
dense plasma cell infiltration and fibrosis, and lymphoid follicle formation was observed in 3
patients (Fig 1).

The demographic data including age, gender, and clinical stage at diagnosis were collected
and compared between the IgG4-positive and IgG4-negative groups (Table 1). Age, gender,
laterality, and duration of symptom were not significantly different between the 2 groups. As
determined by AJCC staging, 5 patients in the IgG4-positive group had orbital lymphoma (T2)
and the IgG4-negative group consisted of 41 patients with orbital lesion (T2), 3 patients with
eyelid lesion (T3), and 1 patient with a mass extending to the cheek (T4). For the patients with
orbital lymphoma (T2), a subgroup analysis was performed, and significant differences were
found between the 2 groups (p = 0.02). In the IgG4-positive group, most of the patients (4 of 5
patients) had lacrimal gland lymphoma (T2b), whereas most of the patients in the IgG4-nega-
tive group (25 of 41 patients) showed lymphoma occupying the posterior orbit (T2c). Although
no patient showed lymph node metastasis, 3 patients in the IgG4-negative group presented dis-
tant metastasis at diagnosis. Cp DNA was observed in 16 (50%) of 32 patients with available
samples. Cp-positivity was 75.0% (3 of 4) in IgG4-positive group and 46% (13 of 28) in
IgG4-negative group. However, there was no statistically significant difference between two
groups (p = 0.59).
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Table 1. Characteristics of ocular adnexal extranodal marginal zone B-cell lymphoma (EMZL) patients according to the IgG4-positive plasma cell

infiltration.
Variables

Gender (Male: Female)

Age at diagnosis (mean, years)
Laterality (Bilateral: Unilateral)
Duration of symptom (mean, months)

Clinical staging by AJCC
Primary tumor (T2:T3:T4)
T2a:T2b:T2c:T2d

Lymph node involvement (N)

Distant metastasis (M)
LDH (Normal: Elevated)

IPI (Low:Low-intermediate)

Chlamydia psittaci DNA
Positive: Negative

*Fisher's exact test.
TMann-Whitney U test.

IgG4-positive group (n = 5) IgG4-negative group (n = 45) P

4:1 31:14 1.00*
53.4 + 14.9 (range 39-72) 56.0 + 9.4 (range 23-76) 0.58"
1:4 7:38 1.00*
30.0 + 50.6 17.9+£22.8 0.33"
5:0:0 41:3:1 1.00*
0:4:1:0 8:5:25:3 0.02*
0 0 =

0 3 1.00*
4:1 (n=5) 33:7 (n = 40) 1.00*
5:0 (n=5) 35:5 (n = 40) 1.00*
311 (n=4) 13:15 (n = 28) 0.59*

1gG4-positive group, ocular adenexal EMZL with IgG4:1gG cell ratio > 40%, and IgG4-positive plasma cells > 50 / HPF; IgG4-negative group, ocular
adenexal EMZL with 1gG4-positive plasma cells < 50 / HPF or IgG4:1gG cell ratio < 40%; AJCC, American Joint Committee on Cancer classification; LDH,
Lactate dehydrogenase; IPI, International Prognostic Index.

doi:10.1371/journal.pone.0131458.1001

Forty-three patients (3 patients in the IgG4-positive group and 40 patients in the IgG4-ne-
gative group) were followed up for more than 6 months and were therefore eligible for the
treatment outcome analysis (Table 2). Front-line treatment was administered as follows: com-
bination chemotherapy in 29 patients, doxycycline treatment in 8 patients, and radiation ther-
apy in 6 patients. With a median follow-up period of 38 months, the IgG4-negative group
showed better treatment response than the IgG4-positive group (p = 0.03). The IgG4-negative
group showed prolonged progression-free survival compared with the IgG4-positive group,
although the results did not reach statistical significance (33 vs 24 months, p = 0.08, log-rank
test).

Discussion

IgG4-related disease is a recently proposed entity with several unique clinicopathological fea-
tures, such as enlargement of affected organs, elevated serum IgG4 level, and infiltration with
IgG4-positive plasma cells [1,3,15]. IgG4-related disease is a conceptually systemic and chronic
inflammatory disorder, and patients show various symptoms according to the affected organs.
Corticosteroid therapy has been shown to be effective in these patients, but disease relapse
occurs frequently. Although IgG4-related disease is getting to form a distinct clinical entity,
many questions and problems remain to be elucidated, including its association with malignant
lymphoma. In this study, 5 of 50 ocular adnexal EMZL cases were categorized as IgG4-positive,
and were predominantly located at the lacrimal gland. This group was also associated with a
lower response rate to initial treatment compared with the IgG4-negative group, although the
number of cases was small.

Recently, Kubota et al analyzed 114 biopsy samples of ocular adnexal EMZLs, and reported
IgG4-positive plasma cell infiltration in 9% of cases, similar to the results of the present study
(10%) [7]. However, the eligible criteria of patients were somewhat different between the two
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Table 2. Treatment outcome in ocular adnexal extranodal marginal zone B-cell ymphoma (EMZL) patients according to the IgG4-positive plasma

cell infiltration.

Follow-up duration (median, months)

Initial treatment modalities

Radiation

Chemotherapy

Doxycycline

Response to treatment (CR:PR:SD:PD)
Response rate

Response to chemotherapy (CR:PR:SD:PD)

*Fisher's exact test.
TMann-Whitney U test.

lgG4-positive group(n = 3) lgG4-negative group(n = 40) P

56.0 + 29.1 426+325 1.00"
1 patient 5 patients

2 patients 27 patients

- 8 patients

1:0:2:0 14:21:5:0 0.03*
33% 87.5% 0.06*
0:0:2:0 12:14:1:0 0.007*

1gG4-positive group, ocular adenexal EMZL with IgG4:1gG cell ratio > 40%, and IgG4-positive plasma cells > 50 / HPF; IgG4-negative group, ocular
adenexal EMZL with IgG4-positive plasma cells < 50 / HPF or IgG4:1gG cell ratio < 40%.
CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.

doi:10.1371/journal.pone.0131458.t002

studies. Many previous studies revealed a variable proportion of IgG4-related lesions among
ocular adnexal EMZLs because of the lack of consensus on the criteria defining IgG4-related
disease. In contrast to the study by Kubota et al, we used both the absolute number of IgG4-po-
sitive cells and the ratio of IgG4/IgG-positive cells as criteria for grouping in addition to the
ratio for defining. In addition, we excluded conjunctival EMZL (T1) because it is known that
IgG4-related disease rarely involves conjunctiva [14]. Sato et al reported that the conjunctiva
was not involved in any of the 21 patients with ocular adnexal IgG4-related disease in their
study [1]. We find only one case report on IgG4-related EMZL involving the conjunctiva
through extensive literature search [16].

IgG4-positive group showed lacrimal gland preponderance either unilaterally or bilaterally
(T2b, 4 of 5 cases), whereas the IgG4-negative group revealed an even distribution of the pri-
mary site throughout the orbital tissues [7]. Our result is also in agreement with the previous
study reporting 6 cases of IgG4-related sclerosing dacryoadenitis associated with EMZL of the
lacrimal gland [9]. Indeed, along with the pancreas, the lacrimal gland is known as a main tar-
get organ of IgG4-related disease [3,15]. However, there is a controversial finding by Kubota
et al who reported higher number of IgG4-positive EMZL of the posterior orbit (8 cases) rather
than the lacrimal gland (2 cases) [7].

A link between ocular adnexal IgG4-related disease and EMZL has been proposed [17,18].
EMZL can be caused by chronic infection or inflammation [19-21]. Patients with autoimmune
diseases, such as Sjogren’s syndrome or Hashimoto’s thyroiditis are at increased risk of devel-
oping EMZLs [19]. However, the causal relationship between IgG4-related disease and EMZL
remains uncertain, as IgG4-positive lymphomas can develop independently or arise from
underlying IgG4-related disease. In this study, 3 of 5 patients in the IgG4-positive group had
some clinical features that could be associated with systemic IgG4-related disease (Table 3).
Case 1 had a history of dacryoadenitis in the contralateral lacrimal gland, and case 2 had a his-
tory of bilateral sialadenitis. Although serum IgG4 data or pathological reports of these lesions
are unavailable, based on the clinical history, it is highly likely that the 2 cases are associated
with systemic IgG4-related disease. It is typical for IgG4-related sclerosing disease that the lac-
rimal and salivary glands are involved either synchronously or metachronously, suggesting
that IgG4-related disease might precede EMZL [3]. Another interesting feature is found in case
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Table 3. Clinicopathologic features of ocular adnexal extranodal marginal zone B-cell lymphoma (EMZL) patients with of IgG4-positive plasma cell

infiltration.
Case 1 Case 2 Case 3 Case 4 Case 5
Age / Gender 45/ M 67 /M 39/F 44 /M 72/ M
Presenting symptom Left upper eyelid swelling Left upper eyelid Both upper eyelid Right upper eyelid Diplopia
mass mass swelling
Duration of symptom 9 12 12 3 3
Tumor location Left lacrimal gland Left lacrimal gland Both lacrimal gland  Right lacrimal gland Right superonasal
orbit
TNM staging T2bNOMO T2bNOMO T2bNOMO T2bNOMO T2cNOMO
No. of IgG4(+) cells/THPF 151 + 44 268 + 53 122 + 42 96 + 30 110+ 40
1gG4(+) /IgG(+) cells (%) 60 77 60 60 40
LF / sclerosis / eosinophils +/—/ + +/+/- +/ ++ -+ /- -1+ /-
Chlamydlia psittaci DNA Positive Positive Negative Positive Not available
Follow-up period (months) 24 56 82 2 1
Initial treatment modality Chemotherapy Chemotherapy Radiation - -
Response to treatment (CR: SD SD CR - -
PR:SD:PD)
Clinical remarks Contralateral orbital Nonspecific Asthma - -
pseudotumor sialadenitis

*Proposed by American Joint Committee on Cancer'?
LF, lymphoid follicle; CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.

doi:10.1371/journal.pone.0131458.t003

3 which had asthma. Allergic features, such as asthma, atopic dermatitis, eczema and periph-
eral eosinophilia are also frequently accompanied by IgG4-related disease. In a study of 9
patients with IgG4-related lacrimal gland enlargement, elevated serum IgE levels were found in
all patients, and 5 of 9 patients exhibited eosinophilia and asthma-like symptoms, suggesting
that a Th2 cell-mediated allergic response may be involved in the pathogenesis of I[gG4-related
disease [22].

Regarding pathogenesis of ocular adnexal EMZL, several genetic abnormalities including
chromosomal aneuploidy and gene translocations affecting activation of NF-Kb pathway have
been reported [23]. Unlike gastric MALT lymphoma, these genetic alterations occur randomly
in a minority of the cases, moreover, are not sufficient enough for malignant transformation in
ocular adnexal EMZL [24]. Association with Cp has also been reported [19,25]. The prevalence
of Cp was known to have geographical difference, and some studies from Korea reported rela-
tively high prevalence over 70% [23,26,27]. We also found frequent association of Cp in this
study, showing similar incidence reported by other Korean researchers. Although Cp-positivity
was slightly higher (75%) in IgG4-positive group, than IgG4-negative group (46%), the differ-
ence was not fully significant because of the small number of IgG4-positive cases. One possible
suggestion is that Cp infection is just prevalent in longstanding inflammatory lesions of ocular
area in our country, not directly associated with recruitment of IgG4+ cells. Further investiga-
tions will be needed to clarify this issue.

There are no established prognostic indicators for the treatment of ocular adnexal EMZL,
although CD5+, trisomy 18, and high Ki-67 have been shown to correlate with a poor outcome
in some patients [28-30]. Recently, Bi et al reported that A20 inactivation by mutation of dele-
tion in ocular adnexal EMZL was associated with increased expression of NF-Kb target genes,
and required higher radiation dosages to achieve complete remission [31]. In this study,
IgG4-negative group showed significantly better response to front-line treatment than
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IgG4-positive group. There has been no literature of the clinical usefulness of IgG4-positivity
as a predictor. We suggested that IgG4 may be a possible prognostic indicator in ocular adnexal
EMZL. However, large scale studies should be performed to confirm our finding.

Because of its retrospective nature, there is no data about serum IgG4/IgG, which is one of
the main limitations of this study. Although serum IgG4 level elevation is helpful in diagnosing
IgG4-related disease, it is not a specific diagnostic marker. Rather than serum IgG4 concentra-
tion, histopathological findings, such as dense lymphoplasmacytic infiltration and storiform
fibrosis, are more essential for diagnosis [32,33]. Recently proposed diagnostic criteria defined
IgG4-related disease in patients with (1) organ enlargement, mass or nodular lesions, or organ
dysfunction; (2) a serum IgG4 concentration > 135 mg/dL; and (3) histopathological
findings > 10 IgG4 cells/HPF and an IgG4+/IgG+ cell ratio > 40%. However, IgG4+/IgG
+ plasma cell ratio is considered as a more powerful value than IgG4+ cell count and the cutoff
point for the IgG4+ plasma cell count may vary from organ to organ [34]. The proposed cut-
offs for lacrimal lesions range from 10 to 100 IgG4+ cell/HPF[35].

In conclusion, some nonconjunctival ocular adnexal EMZLs were associated with IgG4-po-
sitive sclerosing disease. The patients in the IgG4-positive group showed masses predominantly
in the lacrimal gland and had a poor response to initial therapy. Although the results from this
study were limited to be generalized because of the small number of cases, our data suggest that
ocular adnexal EMZL accompanying IgG4-positive cells has unique clinical features discrimi-
nated with those without IgG4-positive cells. Further large-scaled studies will be needed to con-
firm these findings.
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