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Abstract

Purpose To investigate the clinical features, prognostic outcomes of patients with orbital and ocular adnexal lymphoma
(OALs) in Taiwanese cohort.

Methods Total 112 patients with OALs were retrospectively reviewed. Demographic information such as age, gender,
lymphoma subtype, tumor location and treatment modalities were recorded. The primary endpoints were disease-specific
survival (DSS), and progression-free survival (PFS).

Results The mean patient age was 59.0 = 15.5 years (range, 23-92 years). The major histopathologic subtypes were mucosa-
associated lymphoid tissue (MALT) lymphoma in 76 patients (67.9%), followed by diffuse large B-cell lymphoma
(DLBCL) (9.8%), follicular cell lymphoma (FL) (8.0%), and small lymphocytic lymphoma (SLL) (5.4%). The anatomical
locations for OALSs were the orbit (44 patients, 39.3%), the conjunctiva (31 patients, 27.7%), the lacrimal gland (28 patients,
25.0%), and the eyelid (8 patients, 7.1%). With a mean follow-up time of 74.5 + 59.8 months (range 6—342 months), the DSS
for all patients were 93.1%, 87.7%, and 68.8% at 60, 120, and 180 months’ follow-up, respectively. The PFS at 60, 120, and
180 months’ follow-up were 86.2%, 61.2%, and 44.6%, respectively. Regarding the analysis of prognostic factors, patients
with high grade lymphoma subtype and advanced stage exhibited a worse prognosis.

Conclusions MALT type lymphoma constitutes most of OALs in Taiwan and occurs more frequently than in Western
countries. Patients with MALT lymphoma, FL, SLL and earlier stage have favorable outcomes compared with patients of
high grade lymphoma and Ann Arbor stage IV lymphoma.

Introduction

Lymphoma is a diverse group of malignancy with different
histopathological subtypes and clinical presentations that
vary with geographic locations. The age-standardized inci-
dence rate reveals lower incidence of non-Hodgkin
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lymphoma (NHL) in East Asia than in Western countries
[1]. Among NHL subtypes, diffuse large B cell lymphoma
(DLBCL) constitutes the majority in both Western and
Eastern countries [2]. For mucosa-associated lymphoid tis-
sue type (MALT), one of the indolent B-cell lymphoma, the
incidence has been reported to be higher in Chinese popu-
lation than North America and Europe that might be asso-
ciated with genetic or environmental factors [2].

OAL:s can arise in the conjunctiva, eyelids, orbit as well
as the lacrimal gland. OAL may be a primary process,
arising within ocular adnexal structures, but it may also
occur from primary lesions in the other organs with sec-
ondary involvement.

Compared with other sites in the body, ocular adnexal
involvement is relatively rare, accounting for approximately
8% of all extranodal lymphomas [3]. The overall incidence
of lymphoma has been increasing annually by 3% to 4% for
decades [4], however, the rate of extranodal disease has
been increasing at a greater rate, especially in the elderly,
perhaps because of the longer life expectancy of the general
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population [3]. Within the extranodal subgroup, OALSs has
shown the greatest increase in incidence at a rate of up to
6.3% per year [5]. Similarly, some geographic variation in
the distribution of periocular lymphoma may exist. Among
all the OALs, the incidence of MALT lymphoma varies
from 50% to 70% in Western populations and even higher
from 80% to 90% in Asians [6, 7].

Currently, there are very few large cohort studies
reported on OALSs in Chinese population. Hence, the aim of
the study was to evaluate the clinicopathological features of
orbital and ocular adnexa lymphoma and their effect on
survival, staging, its treatment options, and prognostic
outcome in a cohort of Taiwanese patients.

Methods
Study design

This study was approved by the Ethical Review Committee
of the National Taiwan University Hospital, Taiwan
(Institutional ~ Review  Board reviewing  number
201910130RINA). All procedures adhered to the tenets of
the Declaration of Helsinki for research involving human
subjects. This study was a retrospective observational case
series based on data from single largest eye center treated by
two ophthalmologists (S-LL and Y-HW) in Taiwan.

We conducted a retrospective chart review of patients
with orbital and ocular adnexal lymphoma (including
lacrimal gland, extraocular muscle, connective tissue/orbital
fat) who were diagnosed in the National Taiwan University
Hospital between January 1, 1985, and December 31, 2019.
Diagnoses of periocular lymphoma were based on the
results of histopathologic examinations using immunohis-
tochemical analysis via surgical biopsy. Patients with
follow-up period of less than 6 months were excluded from
this study unless they had died.

We classified histopathologic data that could not be
defined by current systems as “other” in our study. For
others that corresponded to REAL or WHO Classification
of Tumors of Hematopoietic and Lymphoid Tissues, the
diagnosis of OALs subtype was definitive [8].

Clinical data

All the patients were categorized according to the classifi-
cations established by the World Health Organization. Data
collected included patient age, sex, initial symptoms and
signs, sites of involvement, operation method, pathological
results, prognosis, follow-up duration, the state of con-
current bacterial or virus infection. In this study, all the
patients were classified into either extranodal marginal zone
B-cell lymphoma (EMZL) or non-EMZL group (including

DLBCL, follicular lymphoma (FL), and others) for analysis
of the demographic data, treatment modalities, treatment
outcome and prognosis.

Staging workups were performed after the consultation
with the hemato-oncology department. Staging was based
on the Ann Arbor classification [9]. Since the study span-
ning 35 years, not all clinical parameters were available in
all patients.

Involvement of lymph nodes, bone marrow, or other
extranodal sites was determined with diagnostic tools
available at the time of diagnosis and clinical data. Com-
plete diagnostic evaluation includes full-body positron
emission tomography (PET)-computed tomography (CT),
CT, or magnetic resonance imaging (MRI) of the orbital and
ocular adnexa and bone marrow biopsy.

Statistical analysis

Disease-specific survival (DSS) was defined as the interval
between the date of diagnosis of lymphoma and the date of
the date of last follow-up, or death by Ilymphoma.
Progression-free survival (PFS) was defined as the time
from diagnosis to disease recurrence after initial treatment,
the date of death by any cause, or the date of last contact.
Survival curves were estimated using the Kaplan—Meier
method, and the level of significance among different out-
comes was evaluated via log rank test. Univariate analysis
and multivariate analysis were performed to identify prog-
nostic factors for DSS.

Risk factors were compared using the y° test. P<0.05
was considered statistically significant. Statistical analysis
and calculation were made using SPSS software version
22.0 (SPSS Inc., Chicago, IL).

Results
Demographics and clinical features

Among the one hundred and twelve patients identified in
our study, only three (2.7%) were T cell origin, and the
majority OALs were B-cell lymphoma (n =109, 97.3%).
The average age at presentation was 59.0+15.5 years
(range, 23-92 years; median, 60.5 years), including 59
males (52.7%) and 53 females (47.3%). Seventy-six
patients (67.9%) were identified in EMZL group, and the
other thirty-six patients (32.1%) were classified into non-
EMZL group.

There was no age or gender preference between EMZL
or non-EMZL patients (p =0.157 and p =0.851, respec-
tively). Bilateral involvements were observed in 21 patients
(18.7%). Significantly more patients with EMZL had
bilateral involvement (n =19, 25.0%), compared to non-
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EMZL patients (n =2, 5.6%) (p =0.028). Orbit were the
most common primary location for lymphoma involvement
(n =44, 39.6%), followed by conjunctiva (n =31, 27.9%),
lacrimal glands (n =28, 25.2%) and eyelids (n =8, 7.2%).
Staging workup was able to be conducted on 92 patients,
including 65 EMZL patients and 27 non-EMZL patients.
More than half of patients (n =49, 53.3%) had Ann-Arbor
stage IE disease and 19 patients (20.7%) were stage IVE at
the time of diagnosis. No significance was found among the
bone marrow (BM) or non-bone marrow metastasis between
EMZL and non-EMZL patients (p =0.226). Most EMZL
(n =162, 95.4%) and non-EMZL patients (n =23, 85.2%)
were primary OALs, only 7 patients (7.6%) were systemic
lymphoma with secondary orbital or ocular adnexa invol-
vement or as a local invasion from adjacent periorbital
structures. The data of hepatitis B virus (HBV) and hepatitis
C virus (HCV) infection was able to be recorded in 112 and
97 patients, with 19 (17.0%) and 6 (6.2%) patients had
chronic HBV and HCV infection, respectively. Chronic
antigenic stimulation of hepatitis B affected significantly
more EMZL patients than non-EMZL patients (n =18,
23.7% vs n=1, 2.8%; p=0.013) (Table 1).

The histopathologic results according to the World
Health Organization classification revealed 76 patients
(67.9%) with EMZL, 11 (9.8%) with DLBCL, 9 (8.0%)
with FL, 6 (5.4%) with small lymphocytic lymphoma
(SLL), 4 (3.6%) with mantle cell lymphoma (MCL) and
others. Eyelids were the least presented anatomical location
among different subtypes of OALs, except for DLBCL
(n=2, 18.2%) (Table 2). Various clinical symptoms and
sings were frequently encountered, and many patients had
several different complaints. Palpable mass (n =52, 46.4%)
was the most reported symptoms, others varied among
anatomical locations, including proptosis of orbits (n =9,
20.5%), periorbital swelling of lacrimal gland (n =4,
14.3%) and eyelid (n =2, 25.0%), chemosis of conjunctiva
(n=3, 9.7%). Accidentally finding without noticeable
symptoms/signs was also found in 3 patients (2.7%). Only
one patient (0.9%) presented with B symptoms.

Treatment modalities and outcome

Observation without any interventions after tumor excision
(surgery only) was chosen only in 9 patients (n=37,
24.3%) of stage IE EMZL due to old age and comorbidities.
Doxycycline as monotherapy was prescribed in 5 patients
(n=237, 13.5%) of stage IE EMZL. A total of 30 patients
(n=92, 32.6%) were treated with local radiotherapy.
Radiotherapy constituted the primarily sole treatment for 18
patients (n =92, 19.6%) and was combined with che-
motherapy or chemotherapy with Rituximab in 10 (n =92,
10.9%) and 2 patients (n =92, 2.2%) respectively. The
dosage of radiotherapy ranged from 20 to 40 Gy. Among
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Table 1 Clinical features of patients with different histopathological
subtypes of OALs.

Characteristics EMZL non-EMZL All patients P value
Gender

Male 41 (53.9%) 18 (50.0%) 59 (52.7%) 0.851
Female 35 (46.1%) 18 (50.0%) 53 (47.3%)

Age at presentation, year

<60 42 (55.3%) 14 (38.9%) 56 (50.0%)  0.157
>60 34 (44.7%) 22 (61.1%) 56 (50.0%)
Laterality

Unilateral 57 (75.0%) 34 (94.4%) 91 (81.3%)  0.028*
Bilateral 19 25.0%) 2 (5.6%) 21 (18.7%)
Anatomical location

Orbits 27 35.5%) 17 (48.6%) 44 (39.3%) 0.262
Conjunctiva 24 (31.6%) 7 (20.0%) 31 (27.7%)

Eyelid 4 (5.3%) 4 (114%) 8 (7.1%)

Lacrimal Gland 21 27.6%) 7 (20.0%) 28 (25.0%)
Ann-Arbor stage

IE 37 (56.9%) 12 (44.4%) 49 (53.3%) 0.681
IE 11 (16.9%) 6 (22.2%) 17 (18.5%)

1IE 4 (6.2%) 3(11.1%) 7 (7.6%)

IVE 13 (20.0%) 6 (22.2%) 19 (20.6%)

BM involvement 9(13.8%) 7 (259%) 16 (17.4%) 0.226
Primary disease 62 (95.4%) 23 (85.2%) 85(92.4%) 0.188
Secondary disease 3 (4.6%) 4 (14.8%) 7 (7.6%)

Chronic antigenic stimulation

HBV 18 23.7%) 1(22.8%) 19 (17.0%) 0.013*
HCV 4 (5.9%) 2 (6.9%) 6 (6.2%) >0.999
N (%).

BM bone marrow, HBV hepatitis B virus, HCV hepatitis C virus.
*p<0.05.

the patients with advanced stage (Ann Arbor stage III and
stage IV), chemotherapy regimen (cyclophosphamide,
doxorubicine, vincristine, prednisone) was mostly con-
ducted with immunomodulating agent rituximab (R-CHOP)
as treatment strategy. A variety of combination regimens
and single agent were used, including tetracycline ointment
and proton pump inhibitor (Table 3).

Total 44 patients (n =92, 47.8%) revealed complete
remission (CR) at the last follow-up. Eleven patients (n =
92,12.0%) had partial response, and 18 patients (n=
92,19.6%) were shown to have stable disease. Only 8
patients (n =92,8.7%) experienced refractory disease with
recurrences. Lymphoma related death occurred in nine
patients (n =92,9.8%), and 2 EMZL patients (n =92,
2.2%) were died due to advanced lung cancer. No sig-
nificant differences (p =0.285) of disease status at last
follow-up between EMZL or non-EMZL subtypes were
found (Table 4). Disease status was significantly associated
(p<0.01) with Ann Arbor stage. Complete remission was
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Table 2 Distribution of

lymphoma subtypes among EMZL (n=76) DLBCL (n=11) FL (n=9) Others m=15) All (n=112)
anatomical locations. Location
Orbits 27 (35.5%) 5 (45.4%) 4 (444%) 8 (53.3%) 44 (39.3%)
Conjunctiva 24 (31.6%) 1 (9.1%) 2 (222%) 4 (26.7%) 31 (27.7%)
Eyelid 4 (5.3%) 2 (18.2%) 1 (11.1%) 1 (6.7%) 8 (7.1%)
Lacrimal gland 21 (27.6%) 3 (27.3%) 2 (222%) 2 (13.3%) 28 (25.0%)

N (%).

DLBCL diffuse large B-cell lymphoma, EMZL extranodal marginal zone B-cell lymphoma, FL follicular
lymphoma, Others: anaplastic large cell lymphoma, lymphoplasmacytic lymphoma, mantle cell lymphoma,

small lymphocytic lymphoma.

%One patient had DLBCL that originated from orbital fat and was not showed on Table 2.

Table 3 Treatment modalities of

limited stage and advanced stage ZMZZ‘I(S) 51M:Z{47) 202_11321;\;[ zL gloi_g)MZL 2;[02192)
OALs between EMZL and non-
EMZL subtypes. Staging Stage IE/IIE  Stage IIE/  Stage IEMIE  Stage IIE/
IVE IVE
Treatment modalities
Surgery only 9 (18.8%) 0 0 0 9 (9.8%)
Antibiotics 5 (10.4%) 0 0 0 5 (5.4%)
Local Radiotherapy 13 27.1%) 0 5 (27.8%) 0 18 (19.6%)
Rituximab 1 (2.1%) 0 0 1 (11.1%) 2 (2.2%)
Chemotherapy + RT 2 (4.2%) 3(17.6%) 4 (22.2%) 1 (11.1%) 10 (10.9%)
Chemotherapy + 11 (22.9%) 11 (64.7%) 8 (44.4%) 7 (77.8%) 37 (40.2%)
-Rituximab
CT + RT + Rituximab 0 2(11.8%) 0 0 2 (2.2%)
Antibiotics + 4 (8.3%) 1 (5.9%) 1 (5.6%) 0 6 (6.5%)
Chemotherapy
Others 3 (6.2%) 0 0 0 3 (3.2%)
N (%).

CT chemotherapy, RT external beam radiation therapy.

Table 4 Treatment outcomes according to the OALs subtypes at last
follow-up.

Disease status at last EMZL Non-EMZL P value
follow-up (n=065) (n=27)

Complete remission 34 (52.3%) 10 (37.0%) 0.285
Partial response 9 (13.8%) 2 (7.4%)

Stable disease 10 (15.4%) 8 (29.6%)

Refractory disease 6 (9.2%) 2 (7.4%)

Death from lymphoma or 6 (9.2%) 5 (18.5%)

other causes

N (%).

found in 36 patients (n = 60, 60.0%) of limited stage (Ann
Arbor stage I or II) compared with 8 patients (n =32,
25.0%) with advanced stage.

Prognostic factors

The mean follow-up time for all OALs was 74.5=+
59.8 months (range 6-342 month). The disease specific

survival (DSS) for all patients were 93.1%, 87.7%, and
68.8% at 60, 120, and 180 months, respectively (median
survival, 288 months; 95% confidence interval [CI],
162-414 months). The Progression free survival (PFS)
estimated by Kaplan—Meier analyses at 60, 120, and
180 months were 86.2%, 61.2%, and 44.6%, respectively
(median survival, 142 months; 95% confidence interval
[CI], 110-174 months) (Fig. 1a). The DSS was associated
with the subtypes of OALSs. (p = 0.002, log rank test). Low-
grade subtypes including EMZL, FL. and SLL had more
favorable prognosis compared to high grade subtypes such
as DLBCL and MCL (Fig. 1b).

Univariate analysis was performed by log rank test.
Multivariate analysis was calculated by means of Cox
proportional hazard model. Hazard ratio (HR) and 95% CI
were both presented in each analysis. In univariate analysis
and multivariate models for DSS, both high grade subtypes
and higher Ann Arbor stage were identified to adversely
affect the DSS. Eyelid involvement, bilateral OALs, and
secondary disease with orbital and ocular adnexal
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Fig. 1 The survival curves for orbital and ocular adnexal lymph-
poma (OALs) patients. a Disease-specific survival (DSS) and
progression-free survival (PFS) analysis. The Kaplan—Meier survival
curves for DSS and PFS for overall OALs patients. The median DSS
was 288 months (95% confidence interval [CI], 162-414 months). The
median PFS was 142 months (95% confidence interval [CI],
110-174 months). b Disease-specific survival (DSS) among patients
with different subtypes of OALs. The Kaplan—-Meier survival curves

involvement were poor prognostic factors but did not reach
statistical significance in univariate analysis or multivariate
model (Table 5).

Discussion

This retrospective study investigated the clinicopathological
features of OALSs in the ethnic Chinese population in Tai-
wan, as well as the prognostic factors for disease specific
survival. Currently, our study is the largest published data
of Chinese OALs patients. In our series, some results
revealed different from previous reported observation in
Western countries, South Korea or Japan. The various
genetic factors or racial differences may affect the clinical
presentations of OALs.

SPRINGER NATURE

for DSS was significantly associated with different histopathological
subtypes of OALs (p =0.002). Low-grade subtypes like EMZL, FL
and SLL had more favorable prognosis compared to DLBCL and
MCL. DLBCL diffuse large B-cell lymphoma, EMZL extranodal
marginal zone B-cell lymphoma, FL follicular lymphoma, MCL
mantle cell lymphoma, Others: lymphoplasmacytic lymphoma, ana-
plastic large cell lymphoma; SLL small lymphocytic lymphoma.

Our cohort exhibited slightly male predominance (male to
female ratio 1.11) in overall OALs that was comparable with
previous research [10, 11]. The incidence of non-Hodgkin
lymphoma increases steadily with advancing age without
peaking [12]. Studies in Western countries reported that the
median age was at 64 years [12], while the median age at
disease presentation in our patients was 60 years, which is
higher compared to other reports in Asian countries (median
age about 45years) [7, 13]. OALs cohort in our study
demonstrated relatively low proportion of bilateral involvement
(18.7%), while EMZL subtype had significantly more bilateral
involvement (25.0%, p =0.028). Previous literature found
bilateral disease had a significant association with the poor
prognosis of lymphoma [14, 15]. However, the present study
showed no statistical connection between bilateral disease and
the survival outcome in univariate and multivariate analysis.
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anl::epfor}g)ﬁ;)?;?t;;r;?g;sﬁsgg Univariate analysis Multivariate analysis
f%rstéi;ease- specific survival Risk factors HR (95%CI) p value HR (95% CI) p value
( Group?* 3.861 (1.3-11.6) 0.016* 6.822 (1.9-25.1) 0.004%*
Gender (Female vs Male) 1.696 (0.5-5.5) 0.377 0.817 (0.2-3.5) 0.785
Age (>60 vs <60) 1.102 (0.4-3.4) 0.866 0.966 (0.3-3.5) 0.957
Location (Eyelid vs Non-Eyelid) 1.663 (0.4-7.7) 0.516 1.138 (0.2-6.6) 0.885
Stage (Stage IV vs I-III) 6.465 (2.1-20.3) 0.001%* 12.596 (2.3-67.9) 0.0037#*
Laterality (Bilateral vs unilateral) 2.298 (0.7-7.3) 0.157 2.197 (0.5-10.5) 0.324
Secondary vs Primary 3.234 (0.9-12.2) 0.084 1.326 (0.3-6.9) 0.736

HR hazard ratio, CI confidence interval.

#p<0.05; *p <0.01.

“DLBCL + MCL + Others vs EMZL + FL + SLL.

The primary histopathologic subtype in our study was
EMZL (67.9%), followed by DLBCL (9.8%), FL (8.0%),
and SLL (5.4%). Similar to previous Asian studies, the
incidence of EMZL in our cohort was higher than those in
Western research (52%) [12, 16]. Previous literature review
had described the predominance of EMZL OALs among
Asians/Pacific regions [15, 17], although the exact
mechanism for racial variation was still incomplete under-
stood. Chronic antigen stimulation had been postulated as a
causative agent in the development of B-cell transformation
and lympho-proliferation leading to OALSs, such as patho-
genic association between Helicobacter pylori and gastric
mucosa-associated lymphoid tissue (MALT) lymphoma
[18, 19], Chlamydia psittaci in ocular adnexal lymphoma
[20], and HCV in non-Hodgkin’s B-cell lymphomas
[21, 22]. Direct infection of the orbit by H. pylori had been
suggested but seemed highly implausible. Extranodal mar-
ginal zone lymphoma of orbital and ocular adnexa had thus
been associated with persistent inflammation [23]. In Tai-
wan, the prevalence rate of H. pylori was about 53.9% (95%
CI 36.6%—71.2%) with increasing as aging, much higher
than Western populations [24]. Recent studies reported
different results in H. pylori involvement in OALs [24, 25]
that support the geographically diverging influence. The
higher prevalence of EMZL in our patients may be corre-
lated with the H. pylori infection in Taiwan. Although
coinfection of H. pylori and C. psittaci was mentioned in
OALs EMZL patients in previous studies [20, 25], the
prevalence of C. psittaci was extremely low in Taiwan.
Hepatitis C virus infection was often mentioned to be
associated with non-gastric MALT lymphoma [26]. The
most frequent non-gastric sites were the skin (35%), sali-
vary glands (25%), and orbit (15%) [27]. Ferreri et al. found
that of 55 patients with MALT-type ocular adnexal lym-
phoma, 13% were seropositive for HCV and seropositive
patients were significantly more likely to have disseminated
disease and more aggressive tumor behavior [21]. However,
the incidence of hepatitis C infection is only 6.2% in our

cohort. The association of hepatitis B virus infection in
EMZL had been studied much less intensively than HCV
infection. Previous studies had demonstrated the chronic
hepatitis B infected patients having a 2—3-fold higher risk to
develop NHL than non-infected patients. Previous obser-
vations had suggested that the lymphoid system is an
important reservoir of HBV and had induced chronic anti-
gen stimulation [28]. In Taiwan, an HBV-endemic area, it
had been estimated that 15-20% population were carrier of
occult HBV infection. Seventeen percent patients in our
cohort had chronic HBV infection, a significant number
compare to other Western studies [29], which may attribute
to the higher prevalence of EMZL. The genetic abnormal-
ities such as relatively higher incidence of chromosome
translocations in Chinese than Caucasian patients and the
abnormal activation of innate and adaptive immunological
processes may also account for the variation between Asian
and Western populations [30, 31].

Similar to previously published studies [16, 32], the ocular
adnexal lymphoma in our cohort primarily involved orbit,
especially for EMZL subtype. Eyelid lymphomas had a more
aggressive course than other anatomical locations, and con-
junctival lymphomas had a better prognosis than orbital or
eyelid disease [14, 33]. Eyelid lymphoma accounted for only
7.1% in our cohort and revealed a worse prognosis than those
at other sites, although the univariate and multivariate ana-
lysis did not show that the site was a statistically significant
adverse predictor of survival. Similar to all previous reports
[12, 34], the majority of our patients at the time of pre-
sentation were Ann Arbor stage IE disease. However, 28.3%
patients presented with more advanced stage (IIIE or IVE),
and BM involvement was noted in 16 patients (17.8%), both
higher than other Asian and Western countries [11, 13, 34].
There may be such results because our study was performed
in the largest tertiary referral center in Taiwan and could be
influenced by sampling errors. Besides, racial difference and
the social customs of Taiwan population may be associated
with the higher rate of advanced stage patients in our study.
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Surgery only without following treatments was per-
formed in 9 stage IE EMZL patients due to old age and
comorbidity (e.g., advanced lung adenocarcinoma in 2
patients). Oral doxycycline was used as a first-line treatment
option in 5 patients with stage IE EMZL and 3 with com-
plete remission. However, C. psittaci had not been identi-
fied in our cohort, suggesting its infection may be
associated with geographic variability [35]. Majority of the
EMZL patients with limited stages were treated with local
radiotherapy, with a total radiation dosage of 20-40 Gy
delivered in smaller fractions with good local control and
avoidance of radiation-related side effects. Chemotherapy
with or without Rituximab were prescribed for advanced
stage group. Among EMZL subgroup, 52.3% of patients
showed complete remission, and 37.0% non-EMZL patients
had achieved complete remission. Compare with previous
studies [10, 15, 34], complete remission was lower in our
cohort in both EMZL and non-EMZL patients. The differ-
ences in complete remission rates might be associated with
the slightly higher percentage of patients with advanced
stage EMZL and non-EMZL in our cohort in comparison
with Western population [36, 37]. Although considered as
an indolent disease in previous studies [15, 32], 27.4%
EMZL patient had systemic involvement noted during
follow-up period, which demonstrated the heterogeneity
among different races.

The long-term DSS and PFS outcomes for overall OALs
in Taiwan demonstrated a relative indolent nature. How-
ever, the differences existed between lymphoma subtypes.
The 60, 120, and 240 months DSS among EMZL subtype
(95.6%, 87.3%, 58.2%) had favorable prognosis compared
to DLBCL subtype (60, and 120 months DSS of 80.8% and
30.2% respectively). A recent study showed that the median
overall survival was 57 months for OALs in Western
population [38]. The overall survival for EMZL and FL at 5
and 10 years was 61.7% and 50.5%, respectively. Aggres-
sive lymphoma subtypes also significantly correlated with
poor prognosis in their study. However, the median age was
higher than our cohort (70 years vs 60.5 years), and 41.1%
patients were eventually died, which is higher than our
cohort (9.82%, 11/112). The differences of survival
between this recent study and our cohort might relate to age
and the higher mortality.

Various prognostic factors had been advocated to affect
the clinical outcome of OALs including Ann Harbor stage,
anatomical location, age, gender, laterality and histological
subtype. In present study, high grade histological subtypes
and the advanced clinical stage were the variables that
significantly correlated with poor prognosis in univariate
and multivariate analysis. Gender, age, site of involvement,
laterality, primary or secondary disease did not have sta-
tistically significant correlations with survival outcome.

SPRINGER NATURE

The present retrospective cross-sectional study has sev-
eral limitations. First, a relatively small number of patients
and different histological subtypes, which may limit the
analysis of prognostic factors affecting the outcome. Sec-
ond, we did not analyze each histological subtype separately
owing to small proportion of other OAL groups. Third,
patients enrolled in this study had spanning 35 years; hence,
not all samples were analyzed in comparable with current
diagnostic criteria. Histological subtypes that were classi-
fied identical according to the older classification systems
may now be regarded as different subtypes. It was only
possible to classify a tumor as either B- or T cell lymphoma
when updating the old classification systems.

In summary, the present study demonstrated the clinical
characteristics and the prognostic factors that correlated
with survival outcomes of OALs in Taiwan. The majority
OALs in Taiwan was MALT type, with orbits being the
primary involvement. Relative younger ages, more
advanced stage, and higher ratio of chronic hepatitis B
infection were found in Taiwan patients compared with
Western countries, which may due to the combination of
extrinsic (environmental, including infectious) and intrinsic
(genetic, immunologic) components. Further multicentre
studies that include different geographic areas and various
ethnic group would be needed for elucidating the dis-
crepancy of international epidemiology.

Summary
What was known before

e Orbital and ocular adnexal lymphoma is the most
common orbital neoplasm with prognostic factors varies
among different populations.

What this study adds

e The clinical features and prognostic factors for orbital
and ocular adnexal lymphoma in Chinese population.

e The survival outcomes of different orbital and ocular
adnexal lymphoma subtypes in Taiwan.
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