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A B S T R A C T

Purpose: Aims to provide an overview of the contemporary epidemiology of malignant orbital tumors by analyzing
population-based incidence patterns across various regions worldwide.
Methods: In this article, we retrieved orbital malignancy data from the MEDLINE database and analyzed the
incidence and prevalence of orbital malignancies worldwide. We performed the literature search by searching on
the Mesh terms for malignant orbital tumors ("orbital", "tumor", "lymphoma", "malignant", "cancer", "incidence",
and "epidemiology"). All included studies were published between 1993 and 2023 and were written in English.
Results: Ocular or ophthalmic lymphoma most frequently occurred in the orbit, with a prevalence ranging from
47% to 54%. The incidence of malignant orbital tumors was increasing in the USA (2.0 per million (1981–1993),
Netherlands (0.86 (1981–1985) to 2.49 (2001–2005) per million) and South Korea (0.3–0.8 per million
(1999–2016)), respectively. Ophthalmic lymphoma which includes orbit lymphoma was increasing in Canada
(0.17–1.47 per million (1992–2010)), Denmark (0.86 per million (1981–1985) to 2.49 per million (2001–2005)),
respectively.
Conclusions: The predominant primary malignant orbital tumor in adults was lymphoma. Ocular or ophthalmic
lymphoma most frequently occured in the orbit. The limited data available suggested an increasing trend in the
incidence of malignant orbital tumors in each country included, which were mainly attributed to the increase in
lymphoma. Generally, incidence rates were found to increase with advancing age, with no difference between
males and females.
1. Introduction

The orbit is comprised of various tissues, such as bone, fat, muscle,
blood vessels, and neural components. It is divided into four parts: the
globe, muscle cone, intraconal space, and extraconal space. A wide range
of benign and malignant tumors may involve the orbit, primarily or
secondarily, via local extension or distant metastasis (Table 1). Malignant
orbital tumors, albeit relatively rare, encompass a spectrum of neoplasms
that pose significant challenges in diagnosis and management, leading to
a reduced quality of life and even death.1,2 Among malignant orbital
tumors, certain types are more prevalent than others. Lymphomas are
malignant tumors originating from B-cells, T-cells, or less commonly,
natural killer (NK) cells. They are categorized as Hodgkin lymphoma
(HL) or non-Hodgkin lymphoma (NHL). HL originates from B-cells, while
NHL comprises various types originating from B-cells, T-cells, and
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NK-cells, with further subdivisions. HL and NHL can manifest as extra-
nodal lymphomas in the orbit, particularly in adults.2–6 Olsen TG, et al.
described a total of 2211 cases of orbital lymphoma in a 24-year review
study.7 Most cases were demonstrated to be NHL and of B-cell origin,
with 2139 cases (97%). Seventy-two cases were of T-cell origin (3%).
Olsen TG performed a multicenter retrospective study of orbital lym-
phoma with other researchers, collecting 797 cases from 7 international
eye cancer centers from 1980 through 2017.8 Four lymphoma subtypes
were primarily found: extranodal marginal zone B-cell lymphoma
(EMZL) (57%), diffuse large B-cell lymphoma (DLBCL) (15), follicular
lymphoma (FL) (11%), and mantle cell lymphoma (MCL) (8%). Gener-
ally, orbital lymphoma, comprising less than 1% of all NHL cases, is
exceptionally rare.9 Typically, it presents with proptosis, along with
additional systemic symptoms.10 Rhabdomyosarcoma, a highly aggres-
sive soft tissue tumor derived from primitive mesenchymal cells,
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Table 1
Classification of orbital tumors according to origins and locations.29

Optic Nerve and Nerve Sheath
Optic nerve glioma
Optic nerve sheath meningioma
Extraocular extension of retinoblastoma
Extraocular extension of uveal melanoma
Leukemic infiltrate
Metastatic carcinoma
Inflammatory lesions

Extraocular Muscles
Metastatic tumors
Rhabdomyoma
Rhabdomyosarcoma
Lymphoma
Alveolar soft part sarcoma
Thyroid-related myositis
Idiopathic myositis
Inflammation as a component of pseudotumor
Amyloidosis
Carotid artery: cavernous sinus fistula

Lacrimal Fossa
Epithelial tumors

Benign mixed tumor
Adenoid cystic carcinoma
Mixed carcinoma
Adenocarcinoma

Lymphoma
Metastases
Dermoid cysts
Infectious inflammation
Pseudotumor

Orbital Bones
Developmental bone abnormalities/alterations

Axial myopia
Fibrous dysplasia
Osteopetrosis
Craniofacial malformations
Neurofibromatosis

Mass lesions
Epidermoid and dermoid cysts
Hematic bone cyst
Aneurysmal bone cyst
Ossifying fibroma
Mucoceles
Osteosarcoma
Fibrosarcoma
Metastases
Contiguous sinus malignancies
Benign/malignant histiocytosis syndromes

Intraconal Lesions
Benign tumors

Cavernous hemangioma
Hemangiopericytoma
Neurofibroma

Neurilemmoma
Malignant tumors
Malignant hemangiopericytoma

Metastases
Extraconal Lesions
Lymphoid lesions

Lymphoma
Pseudotumor
Leukemia

Metastases
Epidermoids
Capillary hemangioma
Varices
Lymphangiomas
Inflammation from contiguous sinusitis
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constitutes one of the most common orbital malignancies in pediatric
populations.2,11,12 Although relatively rare, squamous cell carcinoma can
arise within the orbit, often secondary to chronic inflammation or pre-
vious radiation exposure.2 Less frequently than in cutaneous sites, orbital
melanoma commonly arises from congenital ocular melanocytosis or a
hypercellular blue nevus that affects the orbital tissue and may present
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with variable clinical features, including pigmented mass or orbital
inflammation.2,13 Due to their rarity, efforts to document the epidemi-
ology of malignant orbital tumors currently rely primarily on small case
reports or patient cohorts. Knowledge of orbital tumors' geographic dis-
tribution and time trends may help formulate new etiologic hypotheses.
The purpose of this paper is to describe and summarize what is known of
the contemporary epidemiology of malignant orbital tumors, especially
for lymphoma, in terms of incidence and prevalence characteristics in
diverse regions of the world on a population-based level.

2. Methods

In this article, we retrieved orbital malignancy data from the MED-
LINE database and analyzed the incidence and prevalence of orbital
malignancies worldwide. We performed the literature search by search-
ing on the Mesh terms for malignant orbital tumors ("orbital", "tumor",
"lymphoma", "malignant", "cancer", "incidence", and "epidemiology"). All
included studies were published between 1993 and 2023 and were
written in English.

Two primary criteria for inclusion were listed: (1) data were acquired
from national registries based on population, and (2) malignant tumors
located in the orbit. Considering the restricted data source, this research
encompassed study sites ranging from the orbit to the whole eye. Small-
scale studies, such as those from a local area, community, or a hospital,
were excluded. Raw data from some studies is obtained and graphed in
Microsoft Excel 2013 (Microsoft Corp).

3. Results

Only a few studies reported on the epidemiologic information of
orbital tumors on a population-based level (Table 2). Most studies
examined data from the Surveillance, Epidemiology, and End Results
(SEER) database. Developed by the National Cancer Institute, the pub-
licly available SEER program collects valuable data on cancer incidence
and survival outcomes in the USA, covering approximately 28% of USA
residents.14 Other studies collected data from the national
population-based cancer registry or center. Incidence rates varied among
different countries in different periods.

3.1. USA

CE Margo et al. reported 314 cases of primary malignancies in the
orbit, including orbital soft tissue and the lacrimal gland, in the Florida
cancer registry from 1981 through 1993.15 The study revealed an
average annual incidence of 2.0 per million population for all types of
malignancies, showing a steady increase over the 13-year study period
(see Fig. 1). Age-standardized incidence rate (ASR) was not used due to
no substantial change in age distribution during the study period. The
age-specific incidences were initially less than 1.0 per million until the
age of 50, gradually increasing each decade. Individuals over 80 years
had the highest incidence rate of 10.0 per million (Fig. 2).
Gender-specific incidence showed no difference, but there was a signif-
icant variance in race-specific incidence, with 2.1 per million whites and
1.5 per million nonwhites. The histopathologic and locational charac-
teristics were further analyzed. Of all the tumors, 85% were from the
orbital soft tissue, and the remaining 15% were found in the lacrimal
gland. Malignant lymphoma was the most common diagnosis in both
sites, accounting for 55% of cases. The average annual incidence of
lymphomawas 1.0 per million population. During the last six years, there
was a significant increase of 241% with an additional 87 cases reported
to the registry compared to the first six years. Correspondingly, the
average annual incidence of lymphoma increased by 166%. The increase
in orbital malignancies was considered to be due almost entirely to
lymphoma (see Fig. 1). Following lymphoma, the most common malig-
nancies in the orbital soft tissue were squamous cell carcinoma, mela-
noma, and rhabdomyosarcoma, whereas, in the lacrimal gland, they were



Table 2
Studies involving the incidence and prevalence of malignant orbital tumors on a population-based level in various parts of the world.

Country Study No. Year Data sources Study focus Histological types Study results

USA CE Margo,
et al.15

314 1981–1993 Florida Cancer Data
System/SEER

The orbital soft
tissue and
lacrimal gland

Lymphoma (55%); Squanlous cell
carcinoma (11%); Melanoma (8%),
rhabdomyosarcoma (5%)

The average annual incidence
for all malignancies was 2.0 per
million, and 1.0 per million for
lymphoma.

Moslehi R,
et al.16

893 1975–2001 SEER database The eye and the
adnexa

Non-Hodgkin
Lymphoma

In Asians/Pacific Islanders, ASR
was 3.3 per million person-years
for males and 3.2 for females.

HassanWM,
et al.19

2802 1973–2009 SEER database Orbit,
conjunctiva and
lacrimal gland

Lymphomas and reticular
malignancies; Carcinomas; Soft
tissue sarcomas; Melanomas

The overall ASR was 3.39 per
million person-years and 2.02
per million person-years for the
orbit and lacrimal gland.

Moustafa GA,
et al.20

55 2000–2015 SEER database The ocular
adnexal

EMZL (45.5%);
DLBCL (9.1%)

The ASR of pediatric (�18 years
of age) ocular adnexal
lymphoma was 1.2 per million
person-years.

Rami
Darwich,
et al.24

535 1992–2010 Canadian Cancer
Registry; Le Registre
Qu�eb�ecois du Cancer

The ocular
region

EMZL (73.8%);
FL (12.1%);
DLBCL (14%)

The ophthalmic lymphoma ASR
was 0.65 per million person-
years with an average annual
increase in the incidence rate of
4.5% per year.

Canada JH Koopman,
et al.26

367 1989–2006 Netherlands
Cancer Registry

The orbit Lymphoma (67%);
Rhabdomyosarcoma (12%);
adenocarcinoma (6%),
adenoidcystic carcinoma(5%)

The ASR of malignant orbital
tumors was 10.9 per million
person-years.

Netherlands Sj€o LD,
et al.25

228 1980–2005 Eye Pathology Institute
Registry; Danish Registry
of Pathology; Danish
Lymphoma Group
Registry.

The ocular
region

EMZL (55%), DLBCL (13%), MCL
(9%), and FL (8%)

The incidence rates of
ophthalmic lymphoma
increased from 0.86
(1981–1985) to 2.49
(2001–2005) per million.

Denmark Holm F,
et al.23

387 1980–2017 Danish Registry of
Pathology

The ocular
adnexal

EMZL (55%), DLBCL (13%), MCL
(11%), FL (10%).

In the period 1980–1984, the
incidence was 0.86 per million,
which increased to 3.07 per
million in the period
2013–2017.

Jung SK,
et al.28

630 1999–2016 Korea Central Cancer
Registry

The orbit EMZL (82.2%), DLBCL
(9.2%),

The ASR rates increased from
0.3 to 0.8 per million
individuals between 1999 and
2016, with an annual percent
change of 6.61%.

South Korea Olsen TG,
et al.8

797 1980–2017 7international eye cancer
centers

The orbit EMZL (57%), DLBCL
(15%),FL(11%),MCL(8%)

The median age was 64 years,
and 51% of patients were male.

Abbreviations: EMZL: extranodal marginal zone B-cell lymphoma; DLBCL: diffuse large B-cell lymphoma; MCL: mantle cell lymphoma; FL: follicular lymphoma; ASR:
Age-standardized incidence rate

Fig. 1. Annual incidence rates per million population of all malignant orbital
tumors and orbital lymphoma, respectively, 1981–1993.15
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squamous cell carcinoma and adenoid cystic carcinoma. The occurrence
of rhabdomyosarcomawas responsible for 55% of malignancies in people
below the age of 21 years, heavily weighting the cumulative incidence
for children and the young.

Moslehi R et al. examined primary ocular NHL incidence patterns
(including eye and the adnexa) from the SEER database from 1975 to
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2001.16 The ocular adnexa refer to the structures surrounding the eye,
comprising the eyelids, conjunctiva, orbital soft tissue, and lacrimal
apparatus.5 Among the 893 cases, 457 cases (51%) arose from the orbit
and 106 cases (12%) from the lacrimal gland. The overall ASR of ocular
NHL was 16.7 per million person-years, rising with advancing age but
showing no gender discrepancy. By contrast, other extranodal and nodal
NHL occurred predominantly in males. Specific orbital morbidity was not
reported. According to different races/ethnicities, for both sexes,
Asians/Pacific Islanders exhibited the highest rates of ocular NHL, fol-
lowed by whites, and the lowest rates were among blacks and American
Indians/Alaska natives (see Fig. 3). This higher incidence among
Asians/Pacific Islanders compared with Caucasians was consistent with
other reports documenting a higher frequency of ocular lymphoproli-
ferative tumors in Asian populations when compared with western
countries.17,18 A steady and rapid increase was also found in the rates,
with annual increases of 6.2% and 6.5% among white males and females,
respectively.

Hassan WM and colleagues used the SEER database to determine the
incidence rates of malignant tumors in the orbit, lacrimal gland, and
conjunctive from 1973 to 2009.19 The overall ASR was 3.39 per million
person-years. Age specifically, the incidence rate was lowest among in-
dividuals aged 0–19, at 0.56 per million person-years, while the highest
incidence rate of 9.51 per million person-years was observed in those
aged 50 and above. In adults, lymphomas emerged as the predominant
subtype, with an incidence rate of 5.74 per million person-years.



Fig. 2. Age-specific incidence rates per million population of all malignant
orbital tumors, 1981–1993.15

Fig. 3. Age-standardized incidence rates of ocular NHL by sex and Race/
ethnicity in the USA, 1992–2001. Rates were per million and adjusted to the
2000 US Standard Population; Confidence intervals are 95% for rates.16
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However, soft tissue sarcomas, particularly embryonal rhabdomyosar-
coma, were predominantly observed in the younger population, with an
incidence rate of 0.35 per million person-years. When categorized by
location, orbital tumors exhibited a statistically higher ASR of 1.59 per
million person-years compared to lacrimal gland tumors (0.43 per
million person-years) and conjunctival tumors (1.37 per million
person-years). The APC was calculated in this study. The trend line for
the overall tumor incidence studied exhibited a significant increase over
the years (APC ¼ 3.11), dominantly due to an increase in lymphomas.
This finding was in line with the discovery of the previous study.15

Regarding histologic features, lymphomas, and reticular malignancies
exhibited the highest ASR in both the orbit and lacrimal gland (Fig. 4). A
Fig. 4. Age-standardized incidence rates of malignant tumors in orbit and lacrimal gl
per million and age-adjusted to the 2000 US Standard Population standard; Confide
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subgroup analysis focusing on lymphoma subtypes indicated a notable
increase in mature B-cell non-Hodgkin's lymphoma over time, with an
APC of 5.82 (Fig. 5).

Moustafa, GA et al. reported the incidence and clinicopathological
characteristics of ocular adnexal NHL in the pediatric (�18 years) pop-
ulation.20 Using the SEER database, 55 tumors in 54 children were
identified, with amedian diagnosis age of 13 years. The ASRwas 0.12 per
million person-years between 1973 and 2015. Pediatric males and blacks
had a higher tendency to develop ocular adnexal NHL. Overall, the
conjunctiva was the most common primary site (49.1%), followed by the
orbit (38.2%), lacrimal gland (9.1%), and eyelid (3.6%). Conversely, the
orbit was the most commonly affected anatomical structure in
adults.14,21–23

3.2. Canada

In Canada, Darwich R et al. observed that the Canadian ASR of
ophthalmic lymphoma was 0.65 per million person-years during
1992–2010.24 The average annual crude incidence rate overall was 0.90
per million person-years. An average annual increase occurred from 0.17
per million person-years in 1992 to 1.47 in 2010, equivalent to a rise of
4.5%.24 The mean age of diagnosis was 65 years, and no sex predilections
were found. It was shown that the most common site for all ophthalmic
lymphoma was the orbit (47%), followed by the conjunctiva (33%) and
the lacrimal gland (13%). No orbital-specific incidence data were avail-
able in this study. Notably, incidence rates in different Canadian prov-
inces and cities were estimated to vary from east to west. The highest
incidence was observed in cities situated within the province of British
Columbia, which boasts the highest proportion of Asian-Canadians
(25%) among all provinces.

3.3. Denmark

Sj€o LD et al. analyzed data from three population-based registries to
study patients diagnosed with ophthalmic lymphoma between 1980 and
2005.25 The majority of patients were elderly, with a median age of 69
years. Differences in incidence among genders were not statistically
significant. Depending highly on age, the incidence rates increased pro-
gressively each decade until maximum.25 The incidence rate of
ophthalmic lymphoma in the entire Danish populace rose from 0.86
(1981–1985) per million to 2.49 (2001–2005) per million. This upward
trend remained consistent after adjusting for differences in age distri-
bution. During the 26 years, there was a statistically significant annual
average rise of 3.4% across all age groups, primarily driven by an in-
crease in MALT lymphoma incidence. The predominant subtype of
and according to the histological category in the USA, 1973–2009.19 Rates were
nce intervals are 95% for rates.



Fig. 5. Age-standardized incidence rates per million people for orbital lym-
phoma in South Korea from 1999 to 2016.
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lymphoma observed was MALT lymphoma, accounting for 55.5% of
cases, with the majority situated in the orbit, constituting 56.8% of the
total. In addition, A statistically significant increase in incidence rate in
the orbital region was found (age-adjusted rate ratio, 1993 to 2005 vs.
1980 to 1992 ¼ 1.6). A more recent study of ocular adnexal lymphoma
showed that, in the period 1980–1984, the annual incidence rate for the
whole population was 0.86 per million, which increased to 3.07 per
million in the period 2013–2017.23 387 patients were identified in total,
with a median age of 69 years. The orbit was the most common site
(54%). Histologically, there was an observable rise in incidence for
EMZL, predominantly driving the increase in total ocular adnexal lym-
phoma incidence rates. However, no increase in incidence was observed
for the other three primary subtypes: DLBCL, MCL, and FL.

3.4. Netherlands

In the Netherlands, Koopman JH et al. analyzed the epidemiology of
primary malignant orbital tumors from 1989 to 2006, extracting 367
cases from the Netherlands Cancer Registry.26 The average ASR of ma-
lignant orbital tumors is 10 per million person-years, and the incidence
showed a slight increase during the 17 years. The most common tumor
type was lymphoma, accounting for 67% of cases in both orbital soft
tissues (72%) and the lacrimal gland (51%). Rhabdomyosarcoma
accounted for 12%, adenocarcinoma for 6%, and adenoid cystic carci-
noma for 5%. This histopathological subtype pattern did not differ
greatly from studies from other parts of the world.15,27 The patients’ ages
ranged from 0 to 93 years, with a median age of 66 years and two age
peaks, 0–15 years and 60–80 years. In the younger group, 86% of the
tumors were diagnosed as rhabdomyosarcoma, while in the older group,
lymphoma (79%) and carcinoma (14%) were more common.

3.5. Republic of Korea

An Asian study conducted in 2021 by Jung SK et al. reported the
epidemiological characteristics and temporal trends of orbital lymphoma
from 1999 through 2016.28

Based on information gathered from the Korea Central Cancer Reg-
istry, the research revealed that the ASR of orbital lymphoma throughout
an 18-year period amounted to 0.5 per million. This rate, however, was
very low in comparison to prior epidemiological investigations. The ASR
from 1999 to 2016 rated increased from 0.3 to 0.8 per million in-
dividuals, with an increasing APC of 6.61% (see Fig. 5). Furthermore, the
research indicated a significantly higher incidence in males compared to
females, with a male-to-female ratio of 2.59:1. The majority of orbital
lymphomas were of the EMZL subtype (82.2%), followed by DLBL
(9.2%), and a few scattered cases of other types (including ML, NK/T cell
lymphoma, and FL, which are exceptionally rare). The ASR of EMZL
increased from 0.1 to 0.7 per million, with an APC equal to 10.62%.
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4. Conclusions

This study highlights the global epidemiology of malignant orbital
tumors, emphasizing their frequency, demographic variations, age dis-
tribution, and rising incidence rates. Unlike predominantly retrospective
published reports and data originating from single centers with inherent
biases, national cancer registries, e.g. the SEER, can provide population-
based information that better reflects true patterns in disease incidence
and epidemiology. Considering the restricted data source, this research
encompassed study sites ranging from the orbit to the whole eye. The
predominant primary malignant orbital tumor in adults was lymphoma,
with a prevalence ranging from 55% to 67%.15,26 Ocular or ophthalmic
lymphoma most frequently occurred in the orbit, with a prevalence
ranging from 47% to 54%.24,25 The median age at diagnosis ranged from
64 to 69 years.8,25,26 Generally, incidence rates were found to increase
with advancing age,25,28 and there was no difference between males and
females.15,16 Incidence rates also differed among races,15,16 suggesting
environmental factors may be involved in disease. It's challenging to
determine and compare the global incidence rates because of variations
in data sources, study sites, analyzed time frames, and the different forms
of incidence rates examined within each study. Despite these differences,
the limited data available suggested an overall increasing trend in the
incidence of malignant orbital tumors in each country included. In the
USA, there was a significant increase of 241% in orbital malignancies
over 13 years, primarily attributed to lymphoma.15 Similarly, in
Denmark, there was a statistically significant annual average rise of 3.4%
in the incidence of ophthalmic lymphoma across all age groups, primarily
driven by an increase in MALT lymphoma,25 which were consistent with
other studies.19,20,24 The increase in lymphoma incidence may be real or
may be partly due to new and improved diagnostic methods that better
diagnose low-grade lymphomas previously diagnosed as pseudolym-
phoma. Further studies are needed to identify factors that contribute to
the rare but rapidly rising orbital malignancy. Notably, it is important to
focus on the Southern Hemisphere, where there is a lack of relevant
research in those areas.
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