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3Ocular and Adnexal Lymphoma: 
Pathogenesis and Pathology

Sarah L. Ondrejka

 Introduction

Ocular and adnexal lymphoma (OAL) refers to 
lymphoma involving either the orbit or the ocular 
adnexa. The ocular adnexa refers to tissues and 
structures surrounding the eye, such as conjunc-
tiva, the lacrimal gland, the eyelids, and the sur-
rounding orbital soft tissue. Approximately 8% 
of all extranodal lymphomas arise in the ocular 
adnexa [1]. Ocular adnexal lymphomas predomi-
nantly affect older individuals, with a median age 
in the 60s, and with a slight female predomi-
nance. Intraocular lymphomas are rare, repre-
senting less than 1% of all intraocular tumors and 
have a close association with primary central ner-
vous system (CNS) lymphoma [2]. In this review, 
the histological and immunophenotypical fea-
tures of the intraocular and ocular adnexal lym-
phomas will be discussed, and relevant molecular 
genetic features and pathogenesis will be briefly 
summarized.

 Intraocular Lymphoma

Intraocular lymphoma is a subset of primary 
CNS lymphoma that may occur synchronously 
with lymphoma in the brain or is an isolated 

abnormality. Of all patients with primary CNS 
lymphoma, approximately 10–25% have ocular 
involvement. Patients with intraocular diffuse 
large B-cell lymphoma have a high risk of devel-
oping contralateral tumors (approximately 80%) 
or associated parenchymal central nervous sys-
tem lesions [3]. Vitreoretinal lymphoma is 
another term used to refer to these high-grade 
intraocular malignancies. PCNSL-O is the pre-
ferred term to emphasize that it is an ocular vari-
ant or subset of primary CNS lymphoma 
(PCNSL).

To establish a diagnosis of lymphoma, patients 
may undergo vitrectomy, choroidal/retinal 
biopsy, or vitreous aspiration. In some cases, tai-
loring the biopsy approach in order to obtain 
fresh tissue for flow cytometry can be helpful to 
establish a clonal B-cell population [4]. The 
immunoglobulin genes are clonally rearranged 
and heavily somatically mutated, al1though dem-
onstrating an immunoglobulin heavy chain or 
kappa region gene rearrangement is not a neces-
sity for making the diagnosis [5, 6]. Determining 
the IL-10 and IL-6 levels in the vitreous may be 
helpful in evaluating the possibility of lymphoma 
since an elevated IL-10 level in the vitreous is 
strongly associated with ocular lymphoma. As a 
growth and differentiation factor for B cells, 
IL-10 promotes proliferation of neoplastic B 
cells and serves as an immunosuppressive cyto-
kine that protects the lymphoma cells from the 
immune system. IL-6 may be released by the 
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Fig. 3.1 Diffuse large B-cell lymphoma involving the 
choroid and retina. (a) There is a diffuse infiltrate of large 
neoplastic lymphocytes with irregular nuclear contours 

and hyperchromatic chromatin with occasional small 
nucleoli (400×, H&E). (b) The cells are diffusely positive 
for CD20 (400×, CD20)

Fig. 3.2 Eye fine needle aspiration of vitreous showing 
an abnormal population of large lymphoid cells consistent 
with diffuse large B-cell lymphoma (400×, Thin-prep)

reactive inflammatory population in cases of ocu-
lar lymphoma. An elevated IL-10 to IL-6 ratio 
suggests lymphoma rather than inflammation, 
but may not be elevated in early stages of lym-
phoma [6, 7].

Microscopically, the retina or optic nerve 
shows a diffuse perivascular infiltrate of large 
transformed lymphoid cells, with round or ovoid 
nuclei, nuclear membrane irregularities, high 
nuclear to cytoplasmic ratios, and prominent 
nucleoli (Fig. 3.1). Early in the course of disease, 
neoplastic cells can be found between Bruch’s 
membrane and the retinal pigment epithelium 
[8]. Cytologic evaluation of the vitreous shows 
large pleomorphic lymphoid cells with nucleoli. 
Mitotic figures are easily identified. Necrosis and 
apoptosis with tingible body macrophages are 
present in highly proliferative lesions (Fig. 3.2).

The usual immunophenotype is characterized 
by positivity for B-cell antigens (CD20, CD79a, 
PAX 5), as well as positivity for MUM1, BCL2, 
BCL6, and usually monotypic IgM (Fig.  3.1). 
CD10 expression is much less common and could 
indicate secondary involvement by systemic dif-
fuse large B-cell lymphoma. The tumors are 
Epstein-Barr virus negative. In immunocompe-
tent patients, the histogenesis and immunopheno-
typic features correspond to the late germinal 
center or early post-germinal center stage of dif-
ferentiation, quite similar to primary CNS lym-
phoma in the brain. Combining the non-germinal 

center immunophenotype (CD10−/BCL6+/−/
MUM1+) by the Hans algorithm with the high 
somatic mutation load in the immunoglobulin 
variable region, this points to a histogenetic cell 
of origin corresponding to the activated B-cell- 
like subtype of diffuse large B-cell lymphoma by 
gene expression profiling [9–12].

 Primary Uveal Lymphoma

Primary lymphoid proliferations of the uvea are 
rare and usually occur as primary choroidal lym-
phoma. Primary ciliary body lymphoma and pri-
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mary iridal lymphoma are less common. Primary 
choroidal lymphoma was thought to be errone-
ously a form of reactive lymphoid hyperplasia in 
earlier literature, but subsequent study has shown 
that these have clinical and pathologic features of 
extranodal marginal zone lymphoma of mucosa- 
associated lymphoid tissue [13, 14]. Grossly, 
these lymphomas demonstrate diffuse thickening 
of the choroid that may result in retinal detach-
ment. In some cases the overlying conjunctiva is 
involved, but overall changes occur slowly reflec-
tive of the indolent disease process [15].

Cytologic specimens will show a monoto-
nous proliferation of small lymphocytes. 
Histologic biopsies show features of extranodal 
marginal zone lymphoma including a heteroge-
neous proliferation of centrocyte-like and 
monocytoid B cells, and occasional immuno-
blasts and plasmacytoid cells. Mitoses are infre-
quent. Lymphoepithelial lesions, or what has 
been described as the “uveal equivalent” can be 
seen as small lymphoma cells invading Bruch’s 
membrane and the retinal epithelium [16]. 
Lymphoepithelial lesions are characteristic of 
marginal zone lymphomas of MALT type and are 
defined as aggregates of marginal zone B cells 
with distortion or distraction of the epithelium or 
glandular tissue [17]. Immunophenotypic studies 
demonstrate a light-chain restricted B-cell phe-
notype positive for CD20, CD79a, and PAX5 and 
usually negative for CD5, CD10, and cyclinD1 
[16, 17].

Primary iridal lymphoma is extremely rare 
and demonstrates high-grade cytology. It is a 
cause of steroid-resistant uveitis in patients who 
usually have a history of an aggressive systemic 
B-cell lymphoma. Iris biopsies demonstrate 
sheets of large atypical transformed lymphocytes 
with pleomorphic cytology, frequent mitoses, 
and a high Ki-67 proliferative fraction [18]. In 
most cases, iridal involvement represents second-
ary iris infiltration by primary intraocular lym-
phoma, and the extent of iridal involvement is not 
documented until enucleation or post-mortem 
examination [19].

Secondary intraocular involvement by lym-
phoma involves spread to the eye by systemic 
lymphoma involving extranodal or lymph node 
primary sites. This usually arises by hematologic 
spread to the uvea and most commonly occurs as 
extension by primary CNS lymphoma, though 
many other systemic lymphomas have been 
reported including diffuse large B-cell lym-
phoma, some types of T-cell lymphoma, and 
lymphoblastic lymphomas [9].

 Ocular Adnexal Lymphoma

Ocular adnexal lymphomas represent approxi-
mately 8% of extranodal lymphomas and are 
composed of several different subtypes. It is a dis-
ease of older adults with a slight female predomi-
nance. The prognosis largely depends upon the 
histologic diagnosis, with favorable outcomes in 
low-grade B-cell lesions such as extranodal mar-
ginal zone lymphoma (ENMZL) and follicular 
lymphoma [1]. Other subtypes of lymphoma 
known to occur in the ocular adnexa include man-
tle cell lymphoma (MCL), small lymphocytic 
lymphoma (SLL), lymphoplasmacytic lymphoma 
(LPL), splenic marginal zone lymphoma (SMZL), 
diffuse large B-cell lymphoma, not otherwise 
specified, lymphoblastic lymphoma, peripheral 
T-cell lymphoma, and extranodal NK/T-cell lym-
phoma, nasal type. Classic Hodgkin lymphoma is 
exceedingly rare and occurs as a secondary mani-
festation. Marginal zone lymphoma usually 
involves the ocular adnexa as a primary site, with 
fewer cases of follicular lymphoma and diffuse 
large B-cell lymphoma arising as ocular adnexal 
primaries, and the other listed subtypes may 
involve the ocular adnexa secondarily [20]. Of 
patients with non- Hodgkin lymphoma, approxi-
mately 5% will develop secondary ocular adnexal 
involvement during the course of their disease 
[21]. This section describes the histologic, immu-
nophenotypic, and genetic findings of some of the 
more common types of non-Hodgkin lymphoma 
involving the ocular adnexa.

3 Ocular and Adnexal Lymphoma: Pathogenesis and Pathology



18

 Extranodal Marginal Zone 
Lymphoma (ENMZL) of Mucosa- 
Associated Lymphoid Tissue (MALT)

ENMZL was first described in the stomach but 
can arise in a variety of extranodal sites. These 
are indolent lymphomas that usually arise from 
mucosa-associated lymphoid tissue that accu-
mulates as a result of a chronic inflammatory 
disorder, chronic antigenic stimulation, and/or 
autoimmunity. ENMZL is often referred to as 
“MALT” lymphomas when involving overlying 
epithelium such as conjunctiva or lacrimal gland 
acinar structures, but this designation is not 
appropriate when referring to marginal zone 
lymphomas involving areas deep within the 
orbit [22].

Histologic findings in ENMZL of the ocular 
adnexa include mass-forming infiltrates of small 
to medium-sized irregular lymphoplasmacytic 
infiltrates, residual foci of follicular center cells, 
and lymphoepithelial lesions in areas where there 

is overlying epithelium (Fig. 3.3a, b). There are 
rare to few mitoses. Dutcher bodies and polykary-
ocytes are sometimes identified [20]. One study 
of histologic characteristics showed that some 
features that are typical of ENMZL-MALT at 
other sites including monocytoid cytology, plas-
macytoid differentiation, and lymphoepithelial 
lesions are less common in ENMZL affecting the 
ocular adnexa [23].

The immunophenotype of ENMZL is reflec-
tive of the histogenetic origin as marginal zone B 
cells (Fig. 3.3c). The lymphomas are positive for 
CD19, CD20, CD79a and often aberrantly 
express CD43 (a T-cell marker) and BCL2 
(Fig.  3.3). There is restricted surface immuno-
globulin expression that can be demonstrated by 
flow cytometry. CD21 positive follicular den-
dritic cell meshworks are sometimes expanded or 
disrupted by the infiltrate. Plasmacytic differen-
tiation can be demonstrated by Dutcher bodies 
and immunoglobulin deposits and immunohisto-
chemistry for kappa and lambda demonstrating 
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Fig. 3.3 Extranodal marginal zone lymphoma of mucosa- 
associated lymphoid tissue. (a) There are diffuse and 
nodular aggregates of lymphoma associated with the con-
junctiva epithelium (10×, H&E). (b) The cells are monot-
onous with moderate cytoplasm and there is a 
circumscribed focus of larger cells toward the right edge 

of the photograph consistent with a residual follicle 
(400×, H&E). (c) The infiltrate is composed of excess B 
cells (400×, CD20). The lower row of images are flow 
cytometry plots. The analysis shows a uniform lymphoid 
population positive for CD19, CD20, and monotypic 
kappa surface immunoglobulin
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monotypic cytoplasmic immunoglobulin [24] 
(Fig. 3.3). CD5 is rarely expressed, and cyclinD1 
is negative. IRTA1 is a newer marker that was 
developed to assist in the differential diagnosis of 
marginal zone lymphomas. It is expressed by 
monocytoid B cells, marginal zone cells, and 
intraepithelial B cells in normal tissues and was 
demonstrated to be a helpful, specific marker in 
identification of ENMZL when present, though 
has limited sensitivity [25].

Flow cytometry or molecular methods are 
essential in the differential diagnosis of ENMZL 
from reactive lymphoid hyperplasia. Earlier stud-
ies of lymphoproliferative lesions identified his-
tologic criteria to separate reactive lymphoid 
hyperplasia at one end of the histologic spectrum 
from other B-cell lymphoma types, but demon-
strating a clonal population by light chain restric-
tion or PCR is optimal for diagnosis [24]. 
Immunoglobulin heavy-chain and light-chain 
genes are clonally rearranged and can be demon-
strated with testing using BIOMED-2/
EuroClonality consensus primer sets, which 
detect a clonal population in approximately 85% 
of cases [26].

In order for flow cytometry to be performed, 
biopsies must be of sufficient size to allow for 
morphologic review and to allow for a single cell 
suspension to be derived from processing of fresh 
tissue. A portion of the specimen must be sent 
fresh or in supportive media to the performing 
laboratory within time requirements for stability. 
If flow cytometry is not performed, it can be dif-
ficult to detect light chains in neoplastic lympho-
cytes using tissue sections alone. However, recent 
data employing newer techniques for ultrasensi-
tive detection of kappa and lambda using a RNA- 
based in situ hybridization method has shown 
results comparable or superior to flow cytometry. 
In a study of tissue biopsies fixed in formalin, 
RNA in situ hybridization identified light-chain 
restricted B cells in 89% of B-cell lymphomas 
compared to 67% of B-cell lymphomas by flow 
cytometry [27].

Several genetic abnormalities have been 
described in ENMZL/MALT lymphoma, includ-
ing trisomy of chromosome 3 and chromosome 
18 in slightly over half of cases. Gains of chro-

mosome 3 are found more frequently in orbital 
cases compared with lymphomas involving the 
lacrimal gland [23, 28]. Recurrent transloca-
tions include t(11;18)(q21;q21)/BIRC3::MALT1, 
t(1;14)(p22;q32)/BCL10::IGH, t(14;18)
(q32;q21)/IGH::MALT1, and t(3;14)(p13;q32)/ 
FOXP1::IGH [29–31]. The oncogenic products 
of the first three translocations cause NF-κB acti-
vation. In MALT lymphomas lacking the above 
translocations, array comparative hybridization 
identified that the A20 gene, an inhibitor of 
NF-κB activity, was inactivated by somatic dele-
tion or mutation in ocular adnexal ENMZL [32]. 
Details of recurrent chromosomal abnormalities 
in ENMZL are found in Table 3.1.

 Pathogenesis and Etiology

ENMZLs arise in lymphoid tissue in extranodal 
sites as a result of chronic inflammation due to 
antigen stimulation and sometimes autoimmune 
disorders. For example, there is strong evidence 
that gastric MALT lymphoma and infection with 
Helicobacter pylori are closely linked. The sig-
nificance of C. psittaci infection to development 
of ENMZL of the ocular adnexa is still unclear. 
In 2004, a high association between this organ-
ism and conjunctival MALT lymphoma was 
demonstrated by PCR studies. Furthermore, 
eradication of infection with doxycycline was 
effective in treating the lymphoma and producing 
a complete response [33]. This group went on to 
culture C. psittaci in blood and conjunctiva from 
patients with OAL and demonstrated its absence 
in normal healthy controls [33]. However, subse-
quent studies from other groups worldwide have 

Table 3.1 Cytogenetic and molecular genetic abnormali-
ties in ocular adnexal extranodal marginal zone 
lymphoma

Structural 
abnormality Genes involved

Frequency 
(%)

+3 38%
+18 13%
t(11;18)(q21;q21) BIRC3, 

MALT1
0–10%

t(14;18)(p14;q32) IGH, MALT1 7–25%
t(3;14)(p22;q32) IGH, FOXP1 0–20%

3 Ocular and Adnexal Lymphoma: Pathogenesis and Pathology
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demonstrated significant variability in associa-
tion with C. psittaci between regions of the world 
and between studies and variable efficacy of anti-
biotics as treatment. In general, higher prevalence 
rates in Italy and South Korea have been 
described, with a lower incidence in the 
USA. Lack of C. psittaci in some series indicates 
that geographic heterogeneity may be a contrib-
uting factor to differences in pathogenesis of 
ENMZL [23, 34].

 Other Subtypes of Ocular Adnexal 
Lymphoma

Diffuse large B-cell lymphoma and related large 
B-cell lymphomas are aggressive tumors composed 
of transformed cells, either derived from centro-
blasts (germinal center like-cells) or activated B-cell-
like cells committed to terminal B-cell differentiation 
stages [11]. Some lymphomas in this category have 
high-grade cytology with intermediate-sized or blas-
toid nuclei. These may secondarily involve the ocu-
lar adnexa and form destructive masses, but it is 
sometimes  difficult to determine if these lymphomas 
arise from the orbit primarily [20]. Diffuse large 
B-cell lymphoma is a heterogeneous disease with 
many biologic factors and oncogenic mechanisms 
that impact response to therapy and survival, and 
pathologic evaluation involves, at a minimum, histo-
logic review, cell of origin classification by immuno-

histochemistry, and FISH studies for additional 
classification and prognostication [35].

Follicular lymphoma is the second most com-
mon indolent B-cell lymphoma occurring in the 
ocular adnexa [20]. It is a neoplasm of malignant 
centrocytes and centroblasts, which are derived 
from the germinal center. The growth pattern can be 
follicular or partially follicular, but purely diffuse 
low-grade patterns are also recognized. Grading 
according to the proportion of centroblasts is used 
to further subclassify into categories of grade 1-2, 
3A, and 3B recognized by the WHO classification. 
Follicular lymphoma has a distinctive immunophe-
notype involving expression of germinal center 
markers including CD10, BCL6, and MEF2B and 
demonstrates abnormal expression of BCL2  in 
most cases. The t(14;18)(q32;q21) is an early event 
in most cases, though translocation negative follicu-
lar lymphomas are also described. Additional 
genetic and epigenetic abnormalities are responsi-
ble for the pathogenesis [36].

Ocular adnexal mantle cell lymphoma more 
often represents secondary involvement of this 
region in patients with a history of mantle cell 
lymphoma in other extranodal sites such as the 
Waldeyer ring, gastrointestinal tract, and soft tis-
sue [20]. The lymphoma is usually aggressive 
and presents at a high clinical stage, with fre-
quent bilateral involvement and poor prognosis. 
The cells are small- to medium-sized with irregu-
lar or cleaved nuclei, and cytologically can mimic 

a b

Fig. 3.4 Mantle cell lymphoma involving conjunctiva. (a) 
There are multiple nodular, expansive aggregates of lym-
phocytes under the epithelium (20×, H&E), composed of 

intermediate-sized monotonous lymphocytes with irregu-
lar nuclei (400×, inset). (b) The lymphocytes are positive 
for cyclinD1 by immunohistochemistry (20×, cyclinD1)

S. L. Ondrejka



21

low-grade indolent B-cell lymphomas including 
MZL and follicular lymphoma (Fig.  3.4a). The 
lymphoma cells are positive for B-cell antigens 
and CD5, cyclinD1, and SOX11, with monoclo-
nal surface immunoglobulin [37] (Fig. 3.4b).

 Conclusions

Ocular and adnexal lymphomas are usually B-cell 
lymphomas that vary in histologic characteristics 
and behavior. The incidence of OAL has risen over 
the past several decades, increasing up to 6.5% per 
year according to SEER data [38]. Our under-
standing of lymphoma histology and biology and 
the molecular genetic underpinnings of the lym-
phoma subtypes has also grown relatively quickly 
in parallel, and additional studies to identify risk 
factors and additional pathogenetic mechanisms 
will be helpful for future prevention and therapy.
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