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Preface

Ocular and adnexal lymphomas are rare and diverse; hence their diagnosis
and treatment usually require special expertise. Increasingly, the care of such
a patient is provided by a multidisciplinary team comprising ocular oncolo-
gists, general oncologists, pathologists, radiation oncologists, and other spe-
cialists. The field of lymphoma is advancing rapidly because of accelerating
progress in tumor biology, pharmacology, and the advent of targeted thera-
pies. For all these reasons, we felt that there was scope for a new edition of
the monograph regarding ocular and adnexal lymphoma.

To harmonize the terminology across this monograph the editors have
taken the liberty of labeling vitreo-retinal lymphoma as PCNSL-O as the pre-
ferred term to emphasize that it is an ocular variant or subset of primary CNS
lymphoma (PCNSL). Those with concurrent CNS and ocular disease may be
labeled as PCNSL-CNS/O in contrast to patients with CNS only involvement
(PCNSL-CNS) at presentation. This monograph, a conjoint effort of ocular
oncologists, general oncologists, and pathologists, comprises 11 chapters
covering molecular pathology, clinical features, and treatment. It is our sin-
cere hope that this monograph will provide a useful resource for providing
appropriate care to our patients.

Hyderabad, Telangana, India Vishal R. Raval
Palo Alto, CA, USA Prithvi Mruthyunjaya
Cleveland, OH, USA Arun D. Singh
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Primary Central Nervous System
Lymphoma: Terminology
and Outcome Measures

Arun D. Singh and Vishal R. Raval

Introduction

Central nervous system (CNS) is rarely affected
by lymphoma, either as a primary site or as sec-
ondary site with prior non-CNS involvement [1].
In either case, diffuse large B cell lymphoma
(DLBCL) is the most frequent variant [2]. Other
less common subtypes include Burkitt lym-
phoma, mantle cell lymphoma, and anaplastic
large cell lymphoma [3]. Histologic subtypes of
lymphoma that most frequently affect ocular
adnexa such as extranodal marginal zone lym-
phoma, follicular lymphoma, lymphoplasma-
cytic lymphoma, and chronic lymphocytic
leukemia/small lymphocytic lymphoma rarely
affect the CNS [3].

Terminology

To a large extent, vitreoretinal lymphoma mim-
ics the pattern of CNS lymphoma. However,
there is a lack of consensus regarding appropri-
ate terminology for primary CNS lymphoma

A. D. Singh (<)

Cole Eye Institute, Cleveland Clinic,
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e-mail: singha@ccf.org

V. R. Raval

Anant Bajaj Retina Institute, The Operation Eyesight
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(PCNSL) involving the ocular compartment.
Historically CNS lymphoma involving the eye
was described as reticulum cell sarcoma [4] and
microgliomatosis [5]. In the last two decades,
terminology such as intraocular lymphoma
(IOL) has been introduced [6]. However, this
term is confusing as it does not differentiate lym-
phoma involving such as the retina and vitreous
(high grade DLBCL subtype) from lymphoma
involving the uveal tract (low grade extranodal
marginal zone lymphoma) [7]. Vitreoretinal
lymphoma (VRL) is the most commonly used
term in the literature; however, it implies that the
disease originates in the eye [8].

We suggest PCNSL-O as the preferred term to
emphasize that it is an ocular variant or subset of
PCNSL [9, 10]. Those with concurrent CNS and
ocular disease may be labeled as (PCNSL-CNS/O)
in contrast to patients with CNS only involve-
ment (PCNSL-CNS) at presentation.

PCNSL is a subtype of non-Hodgkin lym-
phoma confined to the CNS compartments. As
per the 2017 World Health Organization classifi-
cation of hematopoietic and lymphoid tumors
[11], PCNSL is classified as primary DLBCL of
the CNS. The CNS compartments include the
brain (deep cortical regions, periventricular
regions, and basal ganglia), spinal cord, menin-
ges, and eyes [12]. The involvement of the eye
and other CNS compartments varies as ophthal-
mic manifestations can precede, occur simultane-
ously with or follow disease in other CNS sites.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 1
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Sixty percent to 90% of patients with ocular
involvement ultimately involve other CNS com-
partments, while 20% of patients with PCNSL
present with concurrent ocular involvement [13,
14]. The median interval between the progression
of lymphoma from the eye to other CNS com-
partments and vice versa varies over a follow-up
of 829 months [12, 13, 15]. The overall progno-
sis of ocular involved PCNSL is also poor,
because of CNS involvement with 5-year survival
rates between 25% and 40% [16].

Secondary vitreoretinal lymphoma also fol-
lows pattern similar to that of secondary CNS
lymphoma with DLBCL being the predominant
lymphoma subtypes identified by retinal biopsy
[17, 18]. Uncommon vitreoretinal involvement in
the setting of cutaneous peripheral T-cell lym-
phoma, the NK-T cell lymphoma and adult T-cell
lymphoma/leukemia and CNS T-cell lymphoma
has also been reported [19-23].

Outcomes

Currently, the management of PCNSL-O is focused
on local ocular control, given insufficient evidence
that ocular treatment decreases progression to CNS
[10, 24]. Despite achieving high rates of local ocu-
lar control with intravitreal agents including meth-
otrexate [25] and rituximab [10, 26].

Additional secondary and tertiary outcome
measures of progression-free survival (PFS) and
overall survival (OS), respectively, should also be
reported.

Primary Outcome

Assessment of local treatment response in the eye
and CNS compartments is the primary outcome
measure. Local treatment response can be assessed
using terminology and criteria proposed by
International PCNSL Collaborative Group for
standardization of baseline evaluation and
response criteria for primary CNS lymphoma [27].

e Complete response (CR); no evidence of
residual disease within the anterior eye cham-
ber, vitreous cavity, or retina

e Partial response (PR): 50% or greater reduc-
tion in ocular disease

e Progressive disease (PD): 25% increase of
ocular manifestations compared to pretreat-
ment assessment

Two additional concepts specific to PCNSL-O
need special mention

* Relapse in local ocular disease or recurrence
after a defined period of CR. This is not syn-
onymous as progression of lymphoma into
CNS compartment and it is preferable not to
include such cases with compartmental pro-
gression for reporting of progression-free sur-
vival (PFS)

e Minimal residual disease (MRD) concept of
subclinical tumor burden is used frequently in
the management of leukemias [28]. A similar
concept of MRD in treatment and staging of
vitreoretinal lymphoma is recommended [29]
as most of the patients at the end of treatment
are left with residual vitreous opacities/debris
which seems to be clinically nonactive.
However, without sure knowledge of the ori-
gin of those opacities, it is not entirely correct
to label such a patient as a complete response
(CR). Therefore, at minimum ophthalmolo-
gists should document the presence or absence
of all vitreous opacities using a graded scale.

Secondary Outcome:
Progression-Free Survival (PFS)

Given that PCNSL-O is a subset of PCNSL [9]
with a strong propensity to progress to the
CNS, treatment effectiveness should not be
evaluated solely in terms of local ocular
response [10]. Most retrospective studies have
defined PFS as time from onset of symptoms
[30] or diagnosis to progression or relapse/
death [31-34]. PFS defined in this way results
in heterogeneous outcomes such as local
relapse, progression, and death making results
among studies non-comparable. The lack of well-
defined outcome measures, particularly related to
progression, further hampers valid comparisons
between published studies [10].
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Fig. 1.1 Schematic representation of intercompartmental
progression of a patient with PCNSL-O from presentation
to death. The PFS is represented by a green arrow (interval
A) and red arrow (interval B) for patients with
PCNSL-O. The gray arrow (interval B) represents OS for

Instead, evaluation of secondary outcomes
such as PFS should be reflective of the natural
history of the disease, preferably defined as inter-
compartmental progression, defined as time from
treatment initiation to disease progression into
progression refers to involvement of the previ-
ously unaffected compartment such as ocular to
CNS involvement or vice versa. Based upon the
natural history of PCNSL-O, intercompartmental
progression is an important event for capturing
PEFS, a critical outcome measure to assess overall
the impact of ocular therapy. An intervention that
prolongs PFS can be expected to improve OS, as
death from PCNSL-O is due to CNS progression.
The interest in PFS also stems in part from the
fact that some treatment strategies are aimed only
toward stabilization of the disease, thereby reduc-
ing the morbidity. Trials that report PFS may be
conducted more quickly using fewer subjects and
at lower costs than those incorporating OS [35].

Tertiary Outcome: Overall
Survival (OS)

The OS is defined as the duration from diagnosis
until death. In patients presenting with PCNSL-O,
it would be more accurate and meaningful to
report PES (time to CNS progression) as the
death in PCNSL-O is due to CNS progression.

B

a patient with PCNSL-O. Representation of PFS as inter-
compartmental progression is important to avoid influ-
ence of lead time bias in reporting of OS. The aim of the
treatment for patients with PCNSL-O could be to prolong
interval A (PFS) or prolong interval B (OS) or both

Hence, reporting of OS in these patients can be
misleading unless time to CNS progression (PES)
is also reported to adjust for lead time bias
(Fig. 1.1). It is important to emphasize that mere
improvement of PFS does not always translate to
an increase in OS, hence the great importance of
analyzing OS outcomes.

Conclusions

The ultimate goal of any treatment approach in
patients of PCNSL-O is to achieve long term
local control, prevent progression into CNS
compartments, and improve overall survival.
Current literature does not conclusively support
superiority or inferiority of ocular therapy com-
pared to systemic therapy for treatment of
PCNSL-O [10, 36]. In view of the increased
likelihood of subsequent CNS progression, the
role of adjuvant systemic chemotherapy needs to
be explored in clinical trials with well-defined
outcome measures.
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Epidemiological Aspects
of Intraocular Lymphoma

M. Sanjana, Anasua Ganguly Kapoor,

and Vishal R. Raval

Introduction

Lymphomas are malignant lymphoid tumors
arising as clonal proliferation of either
B-lymphocytes, T-lymphocytes, or natural killer
cells. Lymphomas are divided into two major
categories, namely Hodgkin lymphoma (HL)
and non-Hodgkin lymphoma (NHL) [1]. NHL is
the most common type of ocular lymphoma [2].
Depending on the site of involvement ocular
lymphoma can be either ocular adnexal or intra-
ocular lymphoma.

Ocular Adnexal Lymphoma
Anatomic Location

Ocular adnexal lymphoma (OAL) was first reported
in 1952 [3]. OAL can arise from the conjunctiva,
eyelids, orbit, extraocular muscles, and lacrimal
apparatus [4]. The frequency of involvement has
been reported as 46-74% in the orbit, 20-33% in
the conjunctiva, 25% in the lacrimal gland, and
5-20% in the eyelid [5-8]. OAL arising from extra-

M. Sanjana - A. G. Kapoor
Hima Bindu Yalamanchili Centre for Eye Cancer,
LV Prasad Eye Institute, Vijayawada, India

V. R. Raval (D<)

Anant Bajaj Retina Institute, The Operation Eyesight
Universal Institute for Eye Cancer, L V Prasad Eye
Institute, Hyderabad, Telangana, India

ocular muscles is extremely rare with few biopsy-
proven cases reported in literature with rectus
muscle being most commonly affected (73%) fol-
lowed by obliques (17%) and levator (11%) [9].

Pathological Subtypes

Extranodal marginal zone B-cell lymphoma
(EMZL) of mucosa-associated lymphoid tissue
(MALT) type constitutes about 38—100% of OAL
[10]. MALT is considered the third most com-
mon form of NHL accounting for about 6-7% of
extranodal non-ophthalmic NHL. An extensive
review of literature of 2211 cases of orbital lym-
phoma by Olsen TG et al. [11] showed 97% to be
of B-cell origin and 3% of T-cell origin. Out of
the B-cell lymphomas 59% were extranodal mar-
ginal zone lymphoma (EMZL), followed by dif-
fuse large B-cell lymphoma (DLBCL) (23%),
follicular lymphoma (FL) (9%), and mantle cell
lymphoma (MCL) (5%). Uncommon OAL vari-
ants include plasmablastic lymphoma, NK/T-cell
lymphoma,  small-lymphocytic ~ lymphoma,
Burkitt lymphoma (BL), lymphoplasmacytic
lymphoma, plasmacytoma, and peripheral T-cell
lymphoma [12-14]. Out of the T-cell lymphomas
64% were mixed T/NK-cell origin. These results
are consistent with other studies where EMZL
was found to be the most common type of lym-
phoma [6, 15-18]. Woog et al. [19] reported eight
cases with natural killer/T-cell lymphomas of the
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orbit from multicenter, and they found that ocular
involvement was mostly secondary to invasion
from adjacent nasal or paranasal involvement
with mortality of 87.5%. In a large retrospective
series including SEER data from 1973 to 2015
EMZL was the most common subtype in pediat-
ric population (45.5%) followed by DLBCL
(9.1%), B lymphoblastic lymphoma (7.3%), fol-
licular lymphoma (5.5%), Burkitt lymphoma
(5.5%), and T-cell lymphoma (1.8%) [20].

Incidence

NHL is the sixth and seventh most common
malignancy among females and males, respec-
tively, in the USA with an estimated 81,560 new
cases and 20,720 deaths in 2021 [21]. NHL can
develop from lymphatic nodal or extranodal (out-
side lymph nodes, thymus, spleen, and Waldeyer’s
ring) sites [10]. Non-Hodgkin’s lymphoma
(NHL) is comprised of 4.3% of all new cancer
cases and 3.4% of all cancer deaths in the USA in
2021 [22]. Primary NHL of the ocular region rep-
resents 1-2% of all NHL and 5-15% of all extra-
nodal sites [23, 24]. Ocular adnexal lymphoma
(OAL) accounts for approximately 10% of all
orbital tumors [25]. Epidemiological data on ocu-
lar and ocular adnexal lymphoma are sparse in
literature. In Asian countries like Japan, Korea,
and also in Europe lymphoma is the most com-
mon type of malignant orbital tumor [26-29].
The overall incidence of lymphoma has been
increasing annually by 3—4% [30]. From 1975 to
2001 the incidence of ocular lymphoma saw a
rapid and steady rise of 6.2% and 6.5% among
white males and females, respectively [10].
Similarly, the incidence of OAL has been increas-
ing at a rate of 3.4% in the Danish population
from 1980 to 2005 [31].

Age

Ocular adnexal lymphoma is a disease seen most
commonly in elderly [2, 10] with a median age of
65 years [32]. In Korean population the median
age of OAL was found to be 46 years at the time
of diagnosis [17, 18]. However, age distribution
has also been reported to vary with lymphoma

subtypes. In patients older than 50 years B-cell
lymphomas (73%) are more common than T-cell
Lymphomas (38%) [11]. A retrospective case
series studied individuals with OAL in less than
18 years of age diagnosed between 1973 and
2015 from the database of the surveillance, epi-
demiology and end results where the incidence of
pediatric OAL was found to be 0.12 (95% CI
0.08-0.16) per 1,000,000. Males and Blacks had
higher tendency for OAL [20]. Burkitt’s lym-
phoma, B-cell lymphoblastic lymphoma, and
Hodgkin’s lymphoma although rare have a high
incidence among young patients [10].

Gender

Incidence data from 13 surveillance, epidemiol-
ogy, and end results (SEER) areas in the USA
from 1992 to 2007 showed near equal gender dis-
tribution in 1604 ophthalmic and 1565 patients
with OAL with higher rates of incidence in
Asians and Pacific Islanders [21]. However, over-
all there is a slight male predominance for OAL
[2]. The gender distribution depends on the spe-
cific lymphoma subtype. High grade OAL was
found to have male predominance [31]. A female
predominance is found among patients with
EMZL (53%) and follicular lymphoma (75%). A
significant male predominance is found among
patients with MCL (80%) and T-cell Lymphoma
(67%) [11]. A study from Denmark showed both
genders being equally affected by ophthalmic
NHL, with male predominance for high grade
tumors [31]. International data pertaining to
racial and ethnic variation of OAL is sparse.

Laterality

A majority (90%) of OALs present as a unilateral
tumor [11]. A retrospective study by Kirkegaard
et al. [33, 34] has reported unilateral involvement
in 90% of B-cell lymphomas, while bilateral
involvement was seen in mantel cell lymphoma
of conjunctiva and eyelid [35]. Bilateral disease
presentation is associated with poor prognosis
[11, 36, 37]. A review of literature by Olsen et al.
[11] reported a total of 2211 cases of OAL out of
which 92% of the T-cell lymphomas had unilat-
eral involvement, while three cases of NKTL and
one case of ATCL showed bilateral involvement.
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Risk Factors

Infectious Agents

Several studies have established the relationship
between microorganism infection and the possi-
bility of lymphoma arising as a result of chronic
antigenic stimulation. The common organisms
isolated from MALT (or marginal zone) lympho-
mas of various body sites are Helicobacter pylori
(gastric), Borrelia burgdorferi (skin), Chlamydia
psittaci (ocular adnexa), Campylobacter jejuni
(small intestine), Achromobacter xylosoxidans
(lung), and hepatitis C virus (spleen) [38, 39].
However, possibly due to geographic variations
these associations have been discordant and not
confirmatory [40].

H. pylori infection association with gastric-
MALT lymphoma has been documented in 90%
of the cases [41]. Similar association was found
in OAL most commonly associated with mar-
ginal zone B-cell lymphoma with an indolent
course [42-44]. Helicobacter pylori DNA was
found in four of the five conjunctival MALT lym-
phoma cells using PCR amplification and south-
ern blot hybridization [43]. A recent study from
Taiwan showed the prevalence rate of H. pylori to
be 53.9% [8].

Chlamydia psitacci is the next microorganism
thoroughly studied in association with
OAL. Ferreri et al. [45] first studied this associa-
tion and reported that the DNA of chlamydia was
detected by immunochemistry and PCR analysis
in 87% of the 40 specimens of MALT
OAL. Similar association was found in 79% of
cases in Korea by Yoo et al. [46]. A study by
Chanudet et al. [47] demonstrated the association
of chlamydia to be significantly higher in MALT
lymphoma (22%) than in non-lymphoproliferative
disorder (10%) and non-marginal zone lympho-
mas (9%). A study by Chan CC et al. [48] reported
higher prevalence of Chlamydia pneumoniae in
non-mucosa-associated lymphoid tissues
(nMALTSs) as compared with MALTSs in Chinese
population. Thus, the prevalence varied with dif-
ferent geographical locations as demonstrated by
Chanudet et al. [47] who demonstrated the preva-
lence in different countries as follows—Germany
(47%) followed by the East Coast of the USA

(35%) and the Netherlands (29%), but relatively
low in Italy (13%), the UK (12%), and Southern
China (11%).

HCV is also suspected to play a role in the
etiology of B-cell NHL [49]. One study reports
nine HCV-positive patients (36%) out of 25
patients with orbital EMZL [50]. A study by
Ferreri AJ et al. [51] demonstrated presence of
HCV in 13% patients of OAL of MALT type
associated with more disseminated disease and
aggressive behavior of OAL. In Taiwan the inci-
dence of hepatitis C infection was found to be
6.2% [8].

Other studies have reported an association of
human herpesvirus-6 (HHV-6) with ophthalmic
MALT lymphoma in Japan and Epstein-Barr
virus (EBV) has been associated with conjuncti-
val NK/T-cell lymphomas, orbital Burkitt lym-
phoma, and plasmablastic lymphoma of the orbit,
and human T-cell leukemia virus type 1 (HTLV-
1) has also been demonstrated in patients with
orbital lymphoma [2, 11].

The association of hepatitis B virus infection
in EMZL was found to be more common in
Chinese than Caucasian patients due to the higher
incidence of genetic abnormalities like chromo-
some translocation and abnormal activation of
innate and adaptive immunity in Asian popula-
tion as compared to Western population. A study
in Taiwan demonstrated HCV association in 70%
of the cases [8, 52, 53].

Autoimmune Disorders

and Immunodeficiency Disorders

An increased risk of NHL is reported in patients
suffering from autoimmune disorders such as
Sjogren’s syndrome, systemic lupus erythemato-
sus, rheumatoid arthritis, Hashimoto’s thyroid-
itis. In these patients B-cell lymphomas,
especially DLBCL and extranodal marginal zone
lymphomas are the most commonly seen,
whereas gastrointestinal/cutaneous autoimmune
conditions are found to be associated with T-cell
lymphomas [54]. In patients with human immu-
nodeficiency virus (HIV) infection lymphoma is
found to be more common than in general popu-
lation and DLBCL and BL type is seen more
often [55]. The mechanism of lymphoma
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development in HIV was postulated to be due to
the higher rate of Epstein-Barr virus infection in
these patients leading to activation or genomic
insertion of oncogenes from the pathogen, as
well as chronic antigenic stimulation [2, 11].
Thus lymphomas in immunodeficiency condi-
tions are usually aggressive high grade B-cell in
nature involving extensive extranodal sites with
typically poor prognosis.

Intraocular Lymphoma

Intraocular lymphoma is a rare malignant lym-
phocytic neoplasm which has two main distinct
forms. Primary lymphoma can be only ocular or
involving the primary central nervous system and
secondary or metastatic intraocular lymphoma
from systemic (visceral) lymphoma [56-59].
Primary intraocular lymphoma can also be classi-
fied based on the anatomic location primarily
affected—vitreoretinal lymphoma or uveal lym-
phoma [60]. Primary lymphoma with or without
central nervous system lymphoma is an ocular
subset of primary central nervous system lym-
phoma (PCNSL-O) predominantly affecting the
subretinal space, retina, and vitreous. Patients of
PCNSL-O have CNS involvement in 60-80% of
cases, while 15-25% of PCNSL patients develop
ocular manifestation of lymphoma and 56-90%
of primary intraocular lymphoma will develop
CNS manifestations of lymphoma [61-64].
Organ involvement in intraocular lymphoma
can be of four types: (1) ocular-central nervous
system lymphoma (most common type—
(61%)), (2) intraocular lymphoma alone (17%),
(3) ocular-visceral lymphoma (17%), and (4)
ocular-visceral-CNS lymphoma (5%) [57].
Intraocular lymphoma has been reported as 2%
of all uveitis and 33% of masquerade syndromes
[65]. Primary vitreoretinal lymphoma (PVRL)
represents 1.86% of ocular malignant tumors,
4-6% of all brain tumors, and less than 1% of
extranodal lymphomas [66, 67]. The incidence
has been found to be 0.0047 cases per 100,000
people per year which has been decreasing in
immunocompromised patients with increase in

HAART therapy but there is raise in incidence in
immunocompetent patients [56]. PVRLs are
mostly large B-cell lymphomas, very few cases
of primary T-cell PVRL have been described [68,
69]. Uveal lymphomas can be further divided
into those which start as a primary disease in the
uveal tract or those which occur as an ocular
manifestation of systemic non-Hodgkin lym-
phoma [70, 71].

Incidence

The incidence of PCNSL in the USA has
increased more than 30 folds in three decades
with an incidence rate of 0.27 per million in
1973 to 10 per million in early 1900s as docu-
mented in National Cancer Institute Surveillance,
Epidemiology, and End Results (SEER) data-
base [72, 73]. The incidence started declining to
0.43 per 100,000 person-years between 1990
and 1994 [74] and remained stable since then at
0.46 per 100,000 person-years in 2004-2007 as
documented in The Central Brain Tumor
Registry of the USA. This rise and subsequent
stabilization of incidence is attributed to the
increased incidence of human immunodeficiency
virus (HIV)/AIDS and the subsequent develop-
ment of highly active antiretroviral therapies
(HAART). The incidence of PCNSL declined
from 5.33 per 1000 person-years between 1991
and 1994 (pre-HAART) to 0.32 per 1000 person-
years after 1999 (post-HAART) [75, 76].
However, this increased incidence has not been
consistently observed in all geographic locations
[77-79].

Risk Factors

Age

Primary intraocular lymphoma is usually seen in
elderly age group. Reduced immunity and
increase in number of somatic mutations can
make the advancing age one of the risk factors for
intraocular lymphoma [80]. The peak incidence
of PCNSL is seen between 75 and 84 years, while
PVRL is seen in elderly patients with a median
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age of 50—60 years with a range between 15 and
85 years [71, 72]. A recent case series from
Singapore showed the mean age of presentation
as 60.3 years [60]. While immunocompromised
people at the age of 30 were also found to be
affected by PCNSL [72].

Gender

PCNSL shows a male predominance with a
male:female ratio of 1.38, while a female pre-
dominance is seen in PVRL with a ratio of 2:1
[71, 72]. A recent case series also reported the
same female predominance of PVRL where out
of nine patients five patients were females [60].

Ethnicity

Few studies state that there is no racial preference
for intraocular lymphoma, while few studies
show that blacks of age less than 50 years and
elderly whites age more than 50 years showed
higher incidence of PCNSL [72, 81]. This differ-
ence is thought to be due to more incidence of
HIV/AIDS in young adults and blacks more than
any other race groups in the USA [82]. In Asian
population the Chinese have higher incidence of
intraocular lymphoma as compared to others as
reported in a case series by Hah et al. [60].

Immunodeficiency

Immunodeficiency and immunosuppression are
the highest risk factors for the development of
intraocular lymphoma [83]. PCNSL is commonly
seen in younger age groups who suffer from skin
cancer and the incidence increases with the inten-
sive immunosuppressive treatment in these
patients [72]. PCNSL is reported in 2% of
patients who underwent organ transplantation
and 4% in patients who have congenital immune
disorders [84].
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Ocular 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
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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

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

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

center immunophenotype (CD10—/BCL6+/—/
MUMI1+) 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 PAXS 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.
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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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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-

Table 3.1 Cytogenetic and molecular genetic abnormali-

ties in ocular adnexal extranodal marginal zone

lymphoma

Structural Frequency

abnormality Genes involved (%)

+3 38%

+18 13%

t(11;18)(q21;921) BIRC3, 0-10%
MALTI

t(14;18)(p14:q32) IGH, MALTI  7-25%

t(3;14)(p22:q32) IGH, FOXP1  0-20%

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::MALTI,
t(1;14)(p22;q32)/BCL10::1GH, t(14;18)
(q32;q21)/IGH::MALTI, and t(3;14)(p13;q32)/
FOXPI::IGH [29-31]. The oncogenic products
of the first three translocations cause NF-«xB acti-
vation. In MALT lymphomas lacking the above
translocations, array comparative hybridization
identified that the A20 gene, an inhibitor of
NF-kB 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
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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-

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

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

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

Classification system of lymphoma has evolved
with heated debates since Thomas Hodgkin first
described lymphomas in 1832 [1]. Worldwide
consensus has only been made in the last two
decades or so when the International Lymphoma
Study Group published REAL classification in
1994 [2], which has led to the development of
modern WHO classification in 2001 [3]. A multi-
parameter approach is used in the current consen-
sus classification, which takes into account all
available information including clinical features,
morphology, immunophenotype, and genetics.
The relative importance of each feature differs
according to the disease, but genetic abnormali-
ties are gaining importance in disease definition,
thanks to recent progress in our understanding of
lymphoma genetics. In the following chapter, the
genetic abnormalities and molecular profiles of
ocular lymphomas will be reviewed.
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Definition of Ocular Lymphoma

Ocular lymphomas can be divided into intraocu-
lar lymphomas involving vitreous, retina, and
uvea, and ocular adnexal lymphomas involving
orbit, conjunctiva, lacrimal gland, and eyelid.
The most common type of intraocular lympho-
mas is the vitreoretinal lymphoma, usually dif-
fuse large B-cell lymphoma (DLBCL) of
high-grade malignancy with frequent involve-
ment of the central nervous system (CNS) [4].
PCNSL-O is the preferred term to emphasize that
it is an ocular variant or subset of primary CNS
lymphoma (PCNSL). Uveal lymphoma is an
extremely rare type of intraocular lymphomas
and is usually extranodal marginal zone B-cell
lymphoma (EMZL) of low-grade malignancy
[5]. EMZL is also the most common subtype of
ocular adnexal lymphomas, accounting for about
two-third of cases [6].

Mutational Profile of Intraocular
Lymphoma

PCNSL-O is considered a variant of primary
CNS lymphoma. PCNSL-O is the preferred term
to emphasize that it is an ocular variant or subset
of primary CNS lymphoma (PCNSL). About
50-80% of PCNSL-O patients develop CNS dis-
ease within several years [7, 8]. Conversely,
about 15-25% of primary CNS lymphoma
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patients show ocular involvement at the time of
diagnosis and about 25% without ocular involve-
ment will eventually develop PCNSL-O [4, 8, 9].
Once CNS is involved, the disease is highly fatal.
PCNSL-O is an important cause of masquerade
syndrome, as it frequently masquerades as inter-
mediate or posterior uveitis, representing about
2% of all uveitis [10].

The diagnosis of PCNSL-O can be confirmed
by cytologic confirmation of malignant lym-
phoma cells in the vitreous body specimens [11].
However, cytologic examination suffers from
low sensitivity due to limited number of tumor
cells, mishandling of samples, cytolytic effects of
preceding corticosteroid treatment due to misdi-
agnosis as uveitis, and rapid degeneration of lym-
phoma cells [11, 12]. Other diagnostic tools
including immunophenotyping, gene rearrange-
ment study identifying monoclonality of cells,
and cytokine ratio (IL10:IL6 > 1) have been
developed, but confirmation of PCNSL-O
remains still challenging [4, 11, 13].

Although rare cases of peripheral T-cell
involving retina/vitreous have been described
[14, 15], nearly all PCNSL-O cases are DLBCL
[7, 16]. DLBCL is the most common type of
B-cell non-Hodgkin lymphoma worldwide [17],
but its extreme heterogeneity in histopathology,
immunophenotype, and clinical course under
current therapy makes it difficult to classify
DLBCL into distinct subtypes. A major advance-
ment in classifying heterogeneous DLBCL was
the application of GEP, which remains “the gold
standard” for identifying DLBCL subtypes at the
current time. The most popular system divides
DLBCL into germinal center B-cell (GCB) and
activated B-cell (ABC) subtypes based on cell-
of-origin [18]. GCB subtypes are thought to arise
from normal germinal center B cells, expressing
genes that are hallmarks of normal germinal cen-
ter B cells [18-20]. In contrast, ABC subtypes are
thought to arise from post-germinal center B
cells, as they lack expression of germinal center
B cell-restricted genes, but instead express genes
that are induced during mitogenic stimulation of
B cells [18-20]. GCB subtypes usually show bet-
ter prognosis than ABC subtypes. GCB versus
ABC model also shows biological relevance;

t(14;18)(q32;q21)/IGH-BCL2 usually occurs in
GCB subtypes, while NF-kB activation is more
prominent in ABC subtypes [21]. A third sub-
group, primary mediastinal B-cell lymphoma
(PMBL), has recently been defined by GEP that
seemed to arise from thymic B cells [19, 22].

Whether PCNSL-O belongs to GCB or ABC
subtypes has been controversial. Frequent find-
ings of t(14;18) in PCNSL-O suggest that
PCNSL-O cells originate from GCB with high
BCL2 expression [23]. Recent GEP study showed
that an expression pattern of PCNSL-O was rela-
tively closer to the GCB subtype than to the ABC
subtype [24]. By contrast, MYD88"26* mutation
that is frequently seen in PCNSL-O/CNS lym-
phoma [24-28] is more commonly associated
with ABC subtypes than GCB subtypes [18, 29,
30]. The prevalence of MYD88X2%F mutation
ranges from 0% to 94% in different series of
DLBCL patients [30]. It is by far more prevalent
in vitreoretinal, CNS, and testicular DLBCL than
DLBCL of other locations, suggesting that
MYD88M26F is associated with an immune-
privileged anatomical compartment [30].
MYD88M26F mutation is detected in the vitreous
of 69—87% of PCNSL-O patients [25, 27, 28, 31].
MYD88MP mutation can also be detected in
aqueous humor in minimally invasive manner
[32, 33], making it a useful tool for diagnosis and
monitoring of disease activity through serial
detection of aqueous MYD882%" mutation [34].
Virtually all mutations in MYDS88 including
L265P occur in Toll-like receptor (TLR) domain
in PCNSL-O [28], which recruit MYDS88 protein
to the cytoplasmic tail of TLRs to form an active
complex that promotes NF-kB and JAK-STAT3
signaling [35].

More recent studies have proposed new
genetic subtypes based on shared genomic abnor-
malities, rather than cell-of-origin. Schmitz and
colleagues identified four genetic subtypes that
are referred to as MCD (co-occurrence of
MYDS88 and CD79B mutations), BN2 (BCL6
fusions and NOTCH2 mutation), N1 (NOTCH1
mutations), and EZB (EZH2 mutations and
BCL2 translations) [29]. MCD and N1 subtypes
were predominantly ABC subtypes and showed
poorer outcomes than BN2 and EZB [29]. The
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Fig. 4.1 Genetic subtypes of diffuse large B-cell lym-
phoma based on gene expression profile (modified from
source: Cancer Cell 37, 551-568, April 13, 2020). Genetic

same group recently added A53 (TP53 mutations
and deletions) and ST2 (SGK1 and TET2
mutated) subtypes to the previous ones [36]
(Fig. 4.1). A recent whole exome sequencing
(WES) study found mutations of MYDS88 and
CD79B in 100% and 22.2% of PCNSL-O
patients, respectively, and the mutational profile
was in general similar to that of MCD subtype
[28]. Similarly, a recent targeted next generation
sequencing study also found high frequency of
MYDS88 (74%) and CD79B (55%) mutations and
similar mutational spectrum to MCD subtype

MYC-

profile of PCNSL-O appears to be similar to that of MCD
type with frequent MYD88 and CD79B mutations

[37]. Other frequently mutated genes include
PIM1, IGLLS, BTG1, BTG2, TBL1XR1, ETV6
[28, 37] (Table 4.1). MYD88 mutation appears to
be more commonly found in PCNSL-O than
CNS lymphoma, while CD79B mutation may be
more commonly associated with CNS lymphoma
[28]. Interestingly, CD79B mutation appears to
be associated with early CNS progression in
PCNSL-O patients [24, 39]. CD79B mutations
frequently occur in the first tyrosine residue of
immunoreceptor tyrosine-based activation motifs
(ITAMs) domain (Y196), which cause active
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Table 4.1 Mutational profile in vitreoretinal lymphoma

Altered genes Frequency (%) Possible functions References
MYD38 57.1-100 NF-kB pathway [24, 25, 27, 28, 31-33, 37, 38]
CD79B 22.2-55 NF-kB pathway [24, 28, 37, 39]
IGLLS5 52-88.9 B-cell development [28, 37]

PIM 1 71-88.9 Serine/threonine kinase [28, 37]
TBL1XR1 48 Transcription regulation [34]

ETV6 45 Transcription regulation [34]

CDKN2A 66.7-100 Tumor suppressor [28, 37, 38]
BTG2 77.8 Tumor suppressor [28]

BTG1 55.6 Tumor suppressor [28]

PTEN 25 Tumor suppressor [38]

B-cell receptor signaling and NF-xB activation
[39]. Biallelic or monoallelic deletion of the
tumor suppressor CDKN2A is also a frequent
finding in PCNSL-O ranging from 66.7% to
100% [28, 37, 38].

Primary uveal lymphomas are typically
EMZL [5]. The genotype or mutational profile
has not been studied much due to rarity of the
disease, but their morphological and immuno-
phenotypical features seem to be similar to
EMZL of other locations [40]. Chromosomal
translocation  t(11;18)(q21;1gq21)  (BIRC3/
MALT1) has been observed in one study [40].

Mutational Profile of Ocular
Adnexal Lymphoma

EMZL is the most common subtype of ocular
adnexal lymphoma [6]. When involving an over-
lying epithelium such as the conjunctiva or acini
of the lacrimal gland, the term “mucosa-
associated lymphatic tissue (MALT)” lympho-
mas are often used instead. But many studies also
use the term MALT lymphomas for diseases
involving orbital compartment where no epithe-
lium is present. In this chapter, the term EMZL
will be used, which would be a more accurate
term referring to lymphomas arising in all parts
of ocular adnexa. Follicular lymphoma (10—
15%), DLBCL (8-13%), and rare mantle cell
lymphoma (1-5%) constitute the rest [6, 41].
EMZL and follicular lymphoma generally show
better prognosis than DLBCL and mantle cell
lymphoma.

Ocular adnexal MALT lymphomas derive
from post-germinal center B cells [41]. Chronic
infections by Chlamydia psittaci have been
linked to the pathogenesis of ocular adnexal
MALT lymphomas in some geographical regions
[42]. Various chromosomal translocations includ-
ing  (1;14)(p22;q32)(BCL10/IgH),  t(14;18)
(q32;p21)(IgH/MALT1), t(11;18)(q21;1q21)
(BIRC3/MALT1), and t(3;14)(p14;q32)(FOXP1/
IgH) are frequently seen in EMZL of other loca-
tions including lung and stomach, but they are
rarely or not detected in ocular adnexal EMZL
[43, 44]. In contrast, mutation or deletion in
TNFAIP3, a NF-xB negative regulator, is fre-
quently seen in ocular adnexal EMZL, but not
commonly seen in EMZL of other sites [43—45].
Constitute activation of NF-kB signaling path-
way is a hallmark finding of ocular adnexal
EMZL and TNFAIP3 appears to be the major
driver gene in terms of frequency and known
functional aspects [43, 44, 46, 47]. Mutations of
TNFAIP3, along with other frequently mutated
genes involved in NF-kB pathway including,
MYDS88, BCL10, and CD79B may be collec-
tively involved in oncogenesis of ocular adnexal
EMZL via NF-kB signaling pathway [43, 48].
Other frequently mutated genes by whole exome
or whole genome sequencing include TBL1XR1
and CREBBP [43, 44]. TBL1XR1 can activate
transcription factors such as NF-xkB and JUN and
promote tumor cell survival [44]. CREBBP is an
epigenetic regulator, encoding a histone/protein
acetyltransferase. Mutations were also reported
in other epigenetic regulators KMT2D and
KMT?2C in ocular adnexal EMZL [43, 46]. These
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findings suggest that epigenetic dysregulation is
involved in pathogenesis of ocular adnexal
EMZL in addition to activated NF-xB pathway
[43]. Other frequently mutated genes reported
include NOTCH1, NOTCH2, TET2, LRPIB,
JAK3, LRP1B, COL12A1, COL1A2, DOCKS,
TP53, PRDMI (Table 4.2) [44, 46, 48].
Molecular studies in ocular adnexal follicular
lymphomas and DLBCL are few due to their rar-
ity. Their molecular alterations may follow geno-
typic patterns of systemic follicular lymphomas
and DLBCL. MYDS88 mutation is more fre-
quently seen in ocular adnexal DLBCL than in
ocular adnexal EMZL [49]. Mutations in epigen-
etic modulators, EZH2 and ARID1A were both
common in ocular adnexal DLBCL and ocular
adnexal follicular lymphoma in one study [49].
Mutations in histone methyltransferases KMT2B

Table 4.2 Mutational profile of ocular adnexal extrano-
dal marginal zone B-cell lymphoma

Altered Frequency

genes (%) Functions References

TNFAIP3  27-54 NF-kB pathway [43, 44,

46-48]

MYD88  4-25 NF-xB pathway [43, 46-49]

BCL10 4-6 NF-xB pathway [43, 48]

CD79B 2-4 NF-xB pathway [43, 48]

TBL1XR1 6-19 Transcription [43, 44, 47]
regulation

CREBBP 13-25 Epigenetic [43, 44, 46]
regulation

KMT2D 6-22 Epigenetic [43, 46, 48]
regulation

KMT2C 25 Epigenetic [46]
regulation

TET2 15 Epigenetic [46]
regulation

NOTCH1 2-8 B-cell [43, 47-49]
differentiation

NOTCH2 8-15 B-cell [46, 48]
differentiation

DOCKS8 6 B-cell [44]
differentiation

JAK3 11 JAK/STAT [44]
pathway

COL12A1 7 Cell adhesion  [44]

COLIA2 6 Cell adhesion [44]

LRP1B 6-25 Tumor [43, 46]
suppressor

TP53 8 Tumor [48]

suppressor

in ocular adnexal follicular lymphoma and
KMT3B in ocular adnexal DLBCL were also
seen [49]. Other frequently seen mutations
include CDKN2A, PTEN, ATM, NF1, NRAS in
ocular adnexal DLBCL, and HRAS in follicular
lymphoma [49].

Conclusions

Lymphoma is one of the most heterogeneous
groups of malignancies with complicated classifi-
cation systems. The heterogeneity in lymphoma
owes primarily to the complex features of develop-
ment and differentiation of B-cell and T-cell lym-
phocytes. Recent progress in our understanding of
pathogenesis and clinical course of lymphomas
was made with GEP studies that even changed
how we classify lymphomas (e.g. GCB and ABC
subtypes in DLBCL). Mutational profiles of ocu-
lar lymphomas seemed to be different from lym-
phomas of the “same subtype” occurring at other
sites. Mutational profile of vitreoretinal DLBCL is
characterized by the high, if not the highest, fre-
quency of MYDS88 mutation among DLBCLs,
possibly in association with ocular immune privi-
lege and it does not seem to simply fit into either
GCB and ABC subtypes. Chromosomal transloca-
tions are frequently seen in EMZL of other sites,
but not in ocular adnexal EMZL. By contrast,
somatic mutations, especially TNFAIP3 mutation,
are frequently detected in ocular adnexal EMZL,
while they are less commonly seen in EMZL of
other sites. Further genetic studies are warranted,
especially in other rare subtypes of ocular lympho-
mas, that will advance our understanding and
management of ocular lymphomas.
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Introduction

Primary ocular adnexal lymphoma (OAL) is
defined as the tumor arising from conjunctiva,
orbit including extraocular muscles and lacrimal
gland, eyelids, and lacrimal sac. When the tumor
arises from the extraorbital site and spreads to the
ocular adnexa, it is termed secondary ocular
adnexal lymphoma (5%) [1]. Lymphomas are the
most common malignant tumors in ocular
adnexa. The overall incidence rate of primary
OAL is 1-2% of all non-Hodgkin’s lymphomas
(NHL) and 5-10% of all extranodal NHL with
increasing trend noted in the recent times [2, 3].

Classification
Ann Arbor Staging System [4]

This is the landmark classification system for stag-
ing both Hodgkin and non-Hodgkin lymphoma.

e Stage I: Involvement of a single lymph node
region or of a single extralymphatic organ or site
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e Stage II: Involvement of two or more lymph
node regions on the same side of the dia-
phragm or localized involvement of an extra-
lymphatic organ or site

e Stage III: Involvement of lymph node regions
or structures on both sides of the diaphragm

e Stage IV: Diffuse or disseminated involve-
ment of one or more extralymphatic organs, or
either:

— Isolated extralymphatic organ involvement
without adjacent regional lymph node
involvement, but with disease in distant
sites

— Involvement of the liver, bone marrow,
pleura, or cerebrospinal fluid

Additional substaging variables include:

* A: Asymptomatic

e B: Presence of B symptoms (including fever,
night sweats, and weight loss of >10% of
body weight over 6 months)

e E: Involvement of a single, extranodal site,
contiguous or proximal to a known nodal site
(stages I-III only; additional extranodal
involvement is stage V)

e S: Splenic involvement

e X: Bulky Nodal Disease: nodal mass >1/3 of
intrathoracic diameter or 10 cm in dimen-
sion [4].
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American Joint Committee on Cancer
(AJCC) Classification [5]

As Ann Arbor staging system has its own limita-
tions in staging the OAL accurately, AJCC clas-
sification was introduced based on the location of
the primary tumor (T), lymph node involvement
(L), and distant metastasis (M). It is useful in pre-
dicting the long-term survival of the patient by
describing the laterality of the disease along with
lymph node and distant metastasis in the initial
presentation of the OAL [5]. AJCC classification
is currently in its eighth edition and the classifi-
cation is as follows.

Primary Tumor (T)

e TX: Lymphoma extent not specified

e TO: No evidence of lymphoma

e TI1: Lymphoma involving only conjunctiva
without eyelid or orbital involvement

e T2: Lymphoma with orbital involvement with/
without conjunctival involvement

e T3: Lymphoma with preseptal eyelid involve-
ment with/without orbital and/or conjunctival
involvement

e T4: Orbital adnexal lymphoma and extraor-
bital lymphoma extending beyond orbit to
adjacent structures, such as bone, paranasal
sinuses, and brain

Lymph Node Involvement (N)

e NX: Involvement of lymph nodes not assessed

* NO: No evidence of lymph node involvement

e NI: Involvement of regional lymph nodes
draining the ocular adnexal structures and
superior to the mediastinum (preauricular,
parotid, submandibular, and cervical lymph
nodes)

e Nla: Involvement of single lymph node region
above the mediastinum

e NIlb: Involvement of two or more lymph node
regions above the mediastinum

e N2: Involvement of lymph node regions of the
mediastinum

e N3: Diffuse involvement of peripheral and
central lymph node regions

Distal Metastasis (M)

e MO: No evidence of involvement of other
extranodal sites

e MIl: Lymphomatous involvement in other
organs

e MIla: Noncontiguous involvement of tissues
or organs outside the ocular adnexa (e.g.,
parotid gland, submandibular gland, lung,
liver, spleen, kidney, breast)

e MIlb: Lymphomatous involvement of the bone
marrow

e Milc: Both M1 and M1b involvement [6]

Lugano Classification [7]

Based on the assessment of response by imaging
(PET-CT), this classification system was proposed.

Limited
e Stage I: One node or group of adjacent nodes
— Stage IE: Single extralymphatic site in the
absence of nodal involvement
e Stage II: Two or more nodal groups, same
side of diaphragm
— Stage IIE: Contiguous extralymphatic
extension from a nodal site with or without
involvement of other lymph node regions
on the same side of the diaphragm.

Advanced
e Stage III: Nodes on both sides of the dia-
phragm; nodes above the diaphragm with
spleen involvement
— Stage III (1): Involvement of the spleen or
splenic, hilar, coeliac, or portal nodes
— Stage III (2): Involvement of the para-
aortic, iliac, inguinal, or mesenteric nodes
e Stage IV: Diffuse or disseminated involve-
ment of one or more extranodal organs or tis-
sue beyond that designated E, with or without
associated lymph node involvement

1. All cases to indicate the absence (A) or pres-
ence (B) of systemic symptoms (fever/night
sweats/unexplained weight loss)
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2. Designation of (E) refers to extranodal con-
tiguous extension that can still be encom-
passed within irradiation field appropriate for
nodal disease of the same anatomic extent (if
more extensive than that, label as I'V)

3. Designation of (bulky) if a single nodal mass
>10 cm or >1/3 of transthoracic diameter [7].

LYRIC (Lymphoma Response
to Immunomodulatory Therapy
Criteria) Classification [8]

This classification system is adapted from the
Lugano classification and based on the response
to immunomodulators, “Indeterminate response”
was added in addition.

Indeterminate Response (IR)

e IR (1): >250% increase in overall tumor burden
(sum of the product of the perpendicular
diameters (SPD) of up to six target measur-
able nodes and extranodal sites) occurred in
the first 12 weeks of therapy and without clini-
cal deterioration

¢ IR (2): New lesions or >50% increase of
existing lesion(s) without a >50% increase of
overall tumor burden at any time during
treatment.

e IR (3): Increased FDG uptake of one or more
lesions without any increase in size or number
of those lesions.

If two patterns of IR are present at the same
time, priority should be given to IR (1) or (2) over
IR (3).

After an IR, a biopsy or subsequent imaging
within 12 weeks is recommended to confirm true
progressive disease versus a flare or pseudopro-
gression [8].

Conjunctival OAL

1. Incidence: 30-40% of OALs [9].
Age and Gender: Conjunctival OAL typi-
cally affects elderly population between fifth

and seventh decade with predominant female
preponderance [10].

Distribution: Conjunctival OALs are pre-
dominantly EMZL type of B-cell lympho-
mas [11].

2. Symptoms: Most of the time, the presentation
is of insidious onset and slowly progressive
with minimal symptoms. The complaints are
widely variable ranging from non-specific eye
redness, irritation, watering to prominent con-
junctival mass, drooping of eyelid and double
vision, depending upon the location and
extent of the lesion.

Signs: It is characterized by “Salmon color
patch,” a subconjunctival pink fleshy mass. It
is commonly located in the bulbar conjunctiva
and sometimes in the forniceal and palpebral
conjunctiva. It is important to rule out associ-
ated eyelid and orbital components by detailed
periocular examination [12].

3. Differential Diagnoses: Conjunctival amela-
notic melanoma, subconjunctival fat prolapse,
myxomatous lesions, leiomyosarcomas, and
juvenile xanthogranuloma.

Orbital OAL

1. Incidence: 50-60% of OALs [13].

Age and Gender: Though the age distribu-
tion varies depending on the subtype, orbital
lymphomas are commonly seen in elderly
population. Though female preponderance
was shown in some studies, there is no gender
predilection as such [14].

Distribution: Majority of the subtypes of
orbital OALs are of B-cell in origin (>95%),
whereas T-cell and NKT-cell subtypes are less
frequently seen (<5%) [15].

Extranodal marginal zone lymphoma
(EMZL), also termed MALT lymphoma, is
the most common B-cell lymphoma (>50%).
Its course is indolent in nature even in exten-
sive disease. Systemic association is seen in
nearly 25% with relapse rate seen in one-third
of the patients at extraocular sites. But, it has
an excellent prognosis with a 5-year progres-
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sion free survival rate of 71% and overall sur-
vival rate of about 75%. MALT 1 and IGH
gene loci are helpful in predicting the relapse
rate of orbital EMZL [16, 17].

Other common B-cell lymphomas are dif-
fuse large B-cell lymphoma (DLBCL), follic-
ular lymphoma (FL), mantle cell lymphoma
(MCL) with the incidence rates of 23%, 9%,
5% and the overall survival rates of 36%,
60%, <40%, respectively.

. Symptoms and Signs: The clinical presenta-

tion depends on the involvement of the orbital
quadrant and the extent of the lesion. It is
insidious in onset, painless, slowly progres-
sive with patients often complaining of pro-
trusion of eyes, periocular fullness and
presents with proptosis, dystopia, ptosis, pal-
pable orbital mass, diplopia, motility restric-
tion, and optic nerve compression [18].

Orbital OALSs are most commonly located
in the superior quadrant of orbit extending
intraconally (8%), extraconally (72%) or both
(11%). Due to the mass effect of the lesion, the
patient develops gradually progressive propto-
sis and displacement of the eyeball [19].

If the tumor is infiltrating the extraocular
muscles (9%), it results in diplopia, strabismus,
and motility restriction. Recti muscles (>70%)
are more commonly involved than oblique
muscles (<20%). Superior rectus followed by
inferior and lateral rectus are the commonly
infiltrated extraocular muscles [20].

Atypical Presentation: Rarely, atypical
presentations like painful proptosis, inflam-
mation mimicking orbital cellulitis, defective
vision are associated with highly malignant
and rapidly progressive B-cell lymphoma
subtypes like DLBCL, MCL, and HIV related
lymphoma. Orbital inflammation results from
direct invasion of orbital soft tissues by tumor
cells or by secondary invasion from paranasal
sinuses. The patient presents with periorbital
swelling, conjunctival congestion, and che-
mosis in the initial visit masquerading orbital
cellulitis or other orbital inflammatory dis-
eases. These signs hamper early diagnosis and
management of these patients. In spite of
medical management, if the orbital cellulitis
progresses or worsens, malignancy should be

considered as an alternative diagnosis. Visual
impairment is seen when the tumor enlarges
in size in the apical region of orbit causing
compression or infiltration of the optic nerve
[21, 22].

T-cell and natural killer T-cell lymphomas
are also commonly located in the extraconal
space. When compared to B-cell lymphomas,
T-cell and NKT-cell lymphomas have higher
incidence of extraocular muscle involvement
[23-27].

. Differential Diagnoses: Infectious orbital

diseases, inflammatory conditions such as
non-specific inflammatory disease, reactive
lymphoid hyperplasias, orbital leukemic
infiltrates, vascular tumors, and orbital
metastasis.

Lacrimal Gland Lymphoma

1. Incidence: 7-26% of OALs.

Age and Gender: It is predominantly seen
in elderly population with female preponder-
ance [25].

Distribution: Lacrimal gland lymphomas
comprise 51% of orbital B-cell lymphomas
and 24% of T-cell lymphomas. Though EMZL
is the most common subtype of B-cell lym-
phomas, the incidence is less frequent when
compared to the orbital OALs, whereas fol-
licular lymphoma is more commonly seen in
the lacrimal gland when compared to the
orbit.

. Symptoms and Signs: The patient presents

usually with painless mass in the lacrimal
gland region. On palpation, the tumor is firm
in consistency with typical S-shaped configu-
ration [28-30].

. Differential Diagnoses: Benign and malignant

lacrimal gland tumors.

Eyelid OAL

1. Eyelid OAL comprises 5% of OALs and is

located in the preseptal region. It is commonly
seen in elderly population with slight male
preponderance.
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2. Clinical Presentation: It is commonly seen in
the upper eyelid and is characterized by soft
rubbery mass. Levator muscle infiltration is
seen in 10% of the cases. Most of these lym-
phomas are of B-cell type [31-36].

3. Differential Diagnoses: Granulomatous dis-
eases, neural tumors, vascular tumors, and
xanthogranuloma.

Lacrimal sac OAL

1. Lacrimal sac OAL comprises <5% of OALs.
In contrast to orbital OALs, the incidence of
EMZL and DLBCL is equally common.

2. Clinical Presentation: Patients with lacrimal
sac OAL usually present with lacrimal sac
swelling, watering, chronic dacryocystitis, or
sometimes blood-stained tears [37, 38].

3. Differential Diagnosis: Primary acquired
naso-lacrimal duct obstruction.

Association with Intraocular
Lymphoma

Intraocular uveal lymphoma has the tendency to
spread through the perivascular and perineural
areas transsclerally and is associated with ocular
adnexal extension in <35% of cases [39].

Systemic Association

Though multiple predictors of systemic lymphoma
like pathologic criteria, immunophenotype, and
genetic analysis have been described, laterality
and anatomical location of the lymphoma are
found to be more helpful in predicting the develop-
ment of systemic spread. The risk is more for bilat-
eral OALs (72% in orbital, 47% in conjunctival
OAL) when compared to the unilateral ones (12%
in orbital, 17% in conjunctival OAL). Eyelid OAL
(70%) is a significant predictor of systemic lym-
phoma followed by orbital (35%) and conjunctival
OAL (20%). Systemic evaluation is recommended
for all the patients with OAL twice yearly as the
risk increases from <10% at 1 year to >30% at
10 years. The most frequently involved sites are

lymph nodes followed by gut (19%), bone marrow
(8%), brain (6%), lung (3%). The associated
symptoms are fever, malaise, fatigue, weight loss,
termed as B symptoms historically, though the
term is obsolete now [40, 41].

Imaging

1. Anterior Segment OCT (AS-OCT): AS-OCT
is helpful for bulbar conjunctival lymphomas
of <4 mm thickness. Conjunctival OAL is
characterized by sub-epithelial hyporeflective
lesion with densely arranged hyperreflective
stroma on AS-OCT [42].

2. Computed Tomography (CT Scan):

Indications:

It is used as primary modality in the diag-
nosis of ocular adnexal lymphomas. It helps
in localizing the tumor in orbit and also assists
in surgical planning. Imaging helps in
identifying the orbital extension of the tumor
in conjunctiva and eyelid OALs with subclini-
cal orbital disease.

Location: The most common location
noted on imaging is orbit (78%) followed by
conjunctiva (9%), lacrimal sac (9%), and
eyelid (5%).

Typical Features: Lymphomas appear as
localized masses with well-defined margins.
The tumor is well circumscribed, homoge-
neous, and hyperdense to isodense. It is charac-
terized by the lesion molding the globe and the
soft tissue structures in the orbit because of its
cellular composition. This arrangement is called
“casting sign” or ‘“ring sign.” As the tumor
spreads along the fascial planes like a pancake
pattern, it is also described as an oblong tumor.
With the administration of contrast agent, the
tumor is homogeneous with intake of moderate
to marked amount of contrast.

The region of the distribution includes pre-
septal region in eyelid OAL, confined to lacri-
mal gland or involving the retrobulbar region
which can be localized to one or more quad-
rants or diffuse in orbital type without any
bony involvement [43].

Atypical Features: High-grade lymphomas
like DLBCL, mantle cell lymphomas are rapidly
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progressive and infiltrate the orbital soft tissues
causing globe indentation, appear heteroge-
neous, with infiltration of adjacent bony struc-
tures. Bony changes include irregular bony
margins and erosions. CT is the preferred imag-
ing modality for orbital lymphomas as the bony
changes are well delineated when compared to
magnetic resonance imaging (MRI) [44].

3. Magnetic Resonance Imaging (MRI): MRI
imaging modality is usually confined to the
tumors with local spread to the paranasal
sinuses, or with intracranial extension or with
optic nerve infiltration causing diagnostic
dilemma. The tumor is isointense on T1 and
T2 weighted images. With gadolinium con-
trast, the tumor shows moderate enhancement
on MRI [19, 44].

Conclusion

Lymphomas are the most common malignant
tumors in ocular adnexa. They most commonly
involve the orbit followed by conjunctiva and
rarely involve the eyelid. Adnexal lymphomas
are predominantly EMZL type of B-cell lympho-
mas with good prognosis. AS-OCT is helpful in
differentiating conjunctival lymphomas from the
simulating conjunctival lesions. CT orbits are the
preferred imaging modality to define the tumor
extent and bony changes if any. MRI orbits are
useful in adnexal lymphomas extending beyond
the orbit or those involving the optic nerve
(Figs. 5.1, 5.2, and 5.3).

Fig. 5.1 Conjunctival lymphoma. Conjunctival lym-
phoma is characterized by “Salmon color patch,” a sub-
conjunctival pink fleshy mass and presents as (a) bulbar or
(b) forniceal or (c) diffusely located subconjunctival

mass. (d) Clinical photograph of middle-aged female
patient with left eye ptosis. (e) On upper eyelid elevation,
pinkish forniceal mass was identified with (f, g) orbital
extension on imaging
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Fig. 5.2 Varied presentation of ocular adnexal lym-
phoma. Clinical photographs showing the wide variety of
clinical presentation including (a) left eye ptosis, (b) right
eye proptosis, (¢) redness in right eye, (d) palpable mass

in left lower eyelid of left eye, (e) fullness in superior sul-
cus of right eye, (f) periorbital swelling of right eye, (g)
upward displacement of right eye, (h) limited movement
of right eye in down gaze
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Fig.5.3 Orbital imaging features of ocular adnexal lym-
phoma. (a) Computed tomography of the orbit axial sec-
tions showing well-defined isodense lesion molding
around the right globe in the intraconal space. (b) Similar
arrangement of the lesion is seen in coronal cuts of the left
eye called “casting sign” or “ring sign.” (¢, d) Atypical
presentation of high-grade lymphomas with globe inden-

tation and with (e, f) infiltration of adjacent bone. (g)
Sagittal and (h) coronal sections of magnetic resonance
T2 weighted images of the right orbit showing isointense
lesion molding around the globe predominantly in the
extraconal space of the superior orbit with minimal intra-
conal component of the lesion
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Primary Vitreoretinal
Lymphoma/PCNSL-O

Introduction

Primary central nervous system lymphoma
(PCNSL) is a subtype of non-Hodgkin lymphoma
confined to the CNS compartments. As per the
2017 World Health Organization classification of
hematopoietic and lymphoid tumors, PCNSL is
classified as primary diffuse large B-cell lym-
phoma (DLBCL) of the CNS [1]. The CNS com-
partments include the brain (deep -cortical
regions, periventricular regions, and basal gan-
glia), spinal cord, meninges, and the eyes [2].
Primary intraocular lymphoma is a malignant
neoplasm derived from monoclonal prolifera-
tions of B- or T-lymphocytes and is classified
according to its location into either primary vit-
reoretinal lymphoma or primary uveal lym-
phoma. PCNSL-O is the preferred term for
vitreoretinal lymphoma to emphasize that it is an
ocular variant or subset of primary CNS lym-
phoma (PCNSL). Those with concurrent CNS
and ocular disease may be labeled as (PCNSL-
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CNS/O) in contrast to patients with CNS only
involvement (PCNSL-CNS) at presentation. The
involvement of the eye and other CNS compart-
ments varies as ophthalmic manifestations can
precede, occur simultaneously with or follow dis-
ease in other CNS sites. Sixty percent to 90% of
patients with PCNSL-O ultimately involve other
CNS compartments, while 20% of patients with
PCNSL present with concurrent PCNSL-O [3,
4]. The PCNSL-O often masquerades as infec-
tion or inflammation leading to a delay in diagno-
sis and inappropriate management.

Epidemiology

Most patients of PCNSL-O are older than
40 years with the usual age of onset being in the
late 50s and 60s [5]. The Central Brain Tumor
Registry of the U.S. noted an incidence of PCNSL
to peak between 75 and 84 years. Most reports of
PCNSL-O have found increased incidence in
females than in males, in contrast to PCNSL
which tends to occur in higher frequency in males
[6, 7]. PCNSL-O may be either unilateral or
bilateral on initial presentation, but approxi-
mately 80-90% of patients will ultimately
develop bilateral disease [8, 9]. The median inter-
val between the progression of lymphoma from
the eye to other CNS compartments and vice
versa varies over a follow-up of 8-29 months [3,
9-11]. In a recent review by Farrall et al. the
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prevalence of ocular involvement at any time dur-
ing the course of PCNSL was 16% with greater
prevalence (69%) of CNS involvement with ocu-
lar involvement [2].

Clinical Presentation

Majority of patients often complain of painless
loss of vision and floaters. The rest of the patients
are asymptomatic or diagnosed during ophthalmic
screening in the setting of known PCNSL. Few
rare presentations include exudative retinal
detachment, elevated posterior pole lesion, neo-
vascularization, optic neuropathy, and a variety
of chorioretinal abnormalities [12].

Ophthalmic examination of anterior segment
is usually unremarkable; however, few patients
may present with corneal precipitates or mild
anterior flare. Chronic waxing and waning course
of uveitis may simulate pseudo-hypopyon forma-
tion, neovascularization of iris, and secondary
glaucoma. Secondary infiltration of the anterior
segment may lead to mass formation in the angle
or iris. PCNSL-O with T cell variant presents
with severe anterior segment inflammation and
keratic precipitates [13].

Posterior segment typically presents with sig-
nificant vitreous inflammation and vitreous cells.
The cells typically associated with PCNSL-O are
larger than inflammatory cells and organize into
strands, clumps, or sheets along with the vitreous
fibrils. The lymphoma cells lining along the vit-
reous gives characteristic “aurora borealis” like
appearance [3, 14]. Fundus examination exhibits
hallmark features of a flat creamy orange—yellow
lesion seen deeper within the sensory retina
(Fig. 6.1a, c). Lesions may be single or multiple,
confluent or discrete, and may appear as multiple
punctate lesions [8, 9, 12]. The presence of mul-
tiple subretinal punctate lesions secondary to
sub-RPE infiltration with lymphoma cells also
known as “leopard spots” is a common finding
seen in majority of cases [3] (Fig. 6.2a). Rarely
the patient may present with retinal hemorrhages
or a single solitary intraocular mass [15].
Associated features include retinal vasculitis,

exudative retinal detachment, retinal pigment
epithelial atrophy with subretinal fibrosis, disci-
form scarring, and optic nerve infiltration.

CNS lesions may lead to focal or general
symptoms. Generalized signs of increased intra-
cranial pressure (ICP) or more focal symptoms
such as weakness, sensory deficits, or aphasia
should be evaluated [16].

Diagnosis

Although clinical examination and ocular imag-
ing are of help in the diagnosis of PCNSL-O, the
histopathology examination of the ocular speci-
mens, with demonstration of malignant B lym-
phocytes in the vitreous or retina still remains the
gold standard test to confirm the diagnosis.
Immunohistochemistry to characterize lympho-
cyte type and clonality aids in the management.

Optical Coherence Tomography (OCT)

The lymphoma cells directly infiltrate the retina
and proliferate focally in the pre-Bruch’s/sub-
RPE space corresponding to the lesions seen on
clinical examination as subretinal precipitates.

The typical presenting feature of lymphoma
on OCT is the presence of nodular or band hyper-
reflective spots noted in the pre-Bruch’s or sub-
RPE space [17, 18] (Fig. 6.1d, e). The infiltrations
can be subtle RPE hyperreflective mottling, focal
discrete hyperreflective nodularity under RPE or
retina, large hyperreflective lesions that create
confluent bands of material under the retina, or
solid RPE detachments [17, 19].

SD-OCT features such as RPE damage, dis-
ruption of the photoreceptor inner segment/outer
segment junction, multiple hyperreflective infil-
trations in the inner retina, and exudative retinal
detachment with subretinal hyporeflective fluid
are described in cases with severe PCNSL-O
[20]. Vertical hyperreflective lesions extending
from the outer to the inner retina have also been
described which often preceded the development
of subretinal pigment epithelial deposits. In most
cases, they resolved with minimal or no scarring
after the initiation of chemotherapy [17, 21].
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Fig. 6.1 A 55-year-old woman complaining of diminu-
tion of vision associated with floaters in the right eye.
Fundus photograph of right eye shows a creamy yellowish
elevated lesion at the posterior involving the optic disc
with retinal hemorrhages (a). The corresponding B-scan
demonstrated an elevated subretinal lesion involving the
optic nerve head with diffuse flat hyperechoic lesions

A study by Dalvin et al. has reported 43% of
PCNSL-O eyes have sub-RPE deposits and pro-
posed to be a marker of recurrence, poor visual
prognosis, and lower survival time [19]. However,
a clear association has not been established. The
sub-RPE deposits resolve with chemotherapy
and hence OCT is a valuable tool to monitor
treatment and to observe for relapse/resolution of
PCNSL-O [22].

infiltrating the subretinal space and significant dot echoes
in the vitreous cavity (b). Fundus photograph of the left
eye shows multiple creamy white deposits involving the
retinal layers (c¢). Optical coherence tomography shows
multiple hyperreflective dots in the vitreous cavity along
with nodular hyperreflective elevated lesions underneath
the retinal pigment epithelium (RPE) (d, e)

Fundus Autofluorescence (FAF)

Fundus autofluorescence demonstrates hypo-
autofluorescence corresponding to areas of RPE
atrophy and hyper-autofluorescence correspond-
ing to areas with lymphoma cell infiltration [18,
23] (Fig. 6.2b). On multimodal imaging, hyper
autofluorescent spots seen on FAF may correlate
with the hypofluorescent spots seen on fluores-
cein angiography (FA; 36%) and the nodular
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Fig.6.2 A 60-year-old man complained of diminution of
vision in the right eye. Fundus photograph of the right eye
shows ill-defined creamy lesions with yellowish infiltrates
located deep in the retina giving a characteristic “leopard
skin” pigmentation overlying the lesion (a). Fundus auto-
fluorescence shows areas of hypo- with hyper-

hyperreflective spots on OCT (43%) [24]. This
concordance was observed in 62% of patients.
FAF can also be a valuable tool to document the
progression of the disease as well as prognosti-
cate the patient considering the hyper-
autofluorescence lesions become hypo following
complete resolution of the lesions [25].

B-scan Ultrasound (USG)

B-scan USG is useful to document clusters of
condensed punctate echoes as well as elevated
chorioretinal lesions and optic nerve widening
[26, 27] (Fig. 6.1Db).

autofluorescence in the posterior pole (b). Fluorescein
angiography in early, mid, and late phase shows numerous
small hypofluorescent lesions corresponding to punctate
yellowish lesions in the fundus with few areas of staining
in the late phase corresponding to RPE atrophy (c—e)

Fundus Fluorescein Angiography (FA)

On FA, hypofluorescent spots may represent retinal
lymphomatous infiltrates, whereas hyperfluores-
cent spots represent atrophic lesions secondary to
RPE window defects [18] (Fig. 6.2c—e). The punc-
tate hyperfluorescent window defects and hypoflu-
orescent lesions give a characteristic “leopard spot”
appearance. In late phase of the disease staining at
the level of the RPE may be seen [28].

Indocyanine Green Angiography (ICGA)
ICGA often shows round clustered hypocyanes-
cent lesions corresponding to the areas of hypo-
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fluorescence seen on FA, but it may be completely
normal or non-contributory [18, 29]. Other asso-
ciated features such as perivascular staining or
leakage, cystoid macular edema or optic nerve
head staining or leakage, are unusual in
PCNSL-O and help to distinguish it from patients
with chronic uveitis or vitritis of non-malignant
etiology.

Disease Staging

Staging evaluation for the patient is an important
part of management. It is usually done in patients
with biopsy confirmed diagnosis of PCNSL-O to
rule out extraocular sites of involvement like the
CNS or testis. MRI brain with contrast along with
lumbar puncture for cerebrospinal fluid (CSF)
evaluation should be obtained in all patients diag-
nosed with PCNSL-O since 80% of these patients
ultimately develop lymphoma in other areas of
their central nervous system [30]. Neurological
lesions appear hypo-dense on TI1-weighted,
hyper-dense on T2-weighted scans with discrete
or diffuse borders with characteristic dense and
diffuse  contrast enhancement. —Meningeal
enhancement with gadolinium contrast is indica-
tive of leptomeningeal dissemination (LMD).
Testicular ultrasound can also be considered in
male patients, as the testes represent a relatively
immune privileged site where lymphoma can be
detected [31]. Serological testing for HIV, hepati-
tis B and C, plus quantification of serum lactate
dehydrogenase (LDH) should also be considered
as standard-of-care at baseline.

Diagnostic Biopsy

Biopsy for the cytological assessment of sus-
pected PCNSL-O is invaluable not only in con-
firming the diagnosis but also in providing
information of prognostic importance [32, 33].
The biopsy specimen can be obtained either from
vitreous or subretinal infiltrates and processed for
cytological, immunological, and genetic studies
[34, 35]. This will be described in detail in the
chapter on intraocular biopsy techniques.

Differential Diagnosis

PCNSL-O is a great masquerader and hence
should be distinguished from other infectious and
non-infectious uveitic entities such as tuberculo-
sis, sarcoidosis, viral retinitis, retinochoroidal
toxoplasmosis, syphilitic retinitis, endophthalmi-
tis, or idiopathic uveitis that present with vitreous
cells. The sub-RPE deposits seen on OCT should
be differentiated from those seen in age related
macular degeneration, polypoidal vasculopathy,
and chronic central serous chorioretinopathy.
Other neoplastic etiologies such as choroidal
metastasis and amelanotic choroidal melanoma
can also rarely simulate PCNSL-O lesions.

Primary Uveal Lymphoma
Introduction

Unlike PCNSL-O, primary uveal lymphoma is
often unilateral and has a benign, indolent course.
It is typically a non-Hodgkin’s lymphoma, most
frequently of B-cell origin. The predominant sub-
type is extra-nodal marginal zone B-cell lym-
phoma (EMZL) or mucosa-associated lymphoid
tissue (MALT) [36, 37].

Clinical Features

Patients complain of painless diminution of
vision or metamorphopsia due to retinal detach-
ment. They may present with raised intraocular
pressure or proptosis when extraocular involve-
ment occurs. Salmon color patches may be seen
if subconjunctival or episcleral involvement
occurs. Fundus examination shows multifocal
yellow-white choroidal infiltration in the early
stages and diffuse choroidal thickening in the
later stages of the disease [37] (Fig. 6.3a).
Choroidal folds and placoid infiltrates may also
be seen. The fundus location of these findings is
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Fig. 6.3 A 52-year-old woman complained of sudden
diminution of vision in the left eye. Fundus photograph of
the left eye shows multifocal, yellow choroidal infiltrates
involving the posterior pole associated with choroidal
thickening (a). Fundus autofluorescence shows multiple
areas of hypo- with hyper-autofluorescence lesions (b).
B-scan ultrasound shows diffuse choroidal thickening

without extrascleral extension (c¢). Optical coherence
tomography shows an elevated choroidal lesion with min-
imal subretinal fluid and photoreceptor loss (d).
Indocyanine green angiography in the early and late phase
demonstrated hypocyanescent areas corresponding to
areas of choroidal infiltrates and hypercyanescent areas in
the late phase corresponding to RPE atrophy (e, f)
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typically anterior to the arcades [37]. Vitreous is
often clear at presentation. CNS involvement is
rare and seen only in advanced disease stages.

Diagnosis

Diagnosis is usually challenging considering the
rare presentation of the disease. Ultrasonography
imaging shows a discrete mass with relatively
smooth-surface, diffuse choroidal thickening, or
presence of subretinal fluid [37] (Fig. 6.3c¢).
B-scan ultrasound is also helpful to detect frank
extrascleral extension.

SD-OCT features of choroidal lymphoma
show lumpy bumpy choroid with varying topog-
raphy and increased tumor thickness [38]. Arias
et al. have described marked thickening of the
choroid with striking choroidal surface undula-
tion and folds imparting an appearance similar to
a “sea storm” (seasick appearance) [39]
(Fig. 6.3d). Mild tumor infiltration of choroid
shows uniform choroidal surface, medium infil-
tration appears rippled, and thick infiltration
appears undulated [40].

Fundus autofluorescence shows multiple areas
of hypo- with hyper-autofluorescence lesions
corresponding to areas of active choroidal infil-
trations and overlying RPE atrophy (Fig. 6.3b).
Fluorescein angiography demonstrates early
hyperfluorescence in most cases. Few patients
have choroidal folds and hypofluorescent spots
corresponding to the clinically observed choroi-
dal infiltrates on FA. Indocyanine green angiog-
raphy  reveals hypofluorescent  lesions
corresponding to the clinically observed choroi-
dal infiltrates [37] (Fig. 6.3e, ).

Differential Diagnosis

The diagnosis of PUL is challenging as it can
simulate other benign and malignant conditions
such as choroidal hemangioma, posterior scleri-
tis, uveal effusion syndrome, sarcoidosis, choroi-
dal metastasis, and amelanotic choroidal
melanoma. Multimodal imaging and biopsy help
to confirm the diagnosis.

Conclusion

PCNSL-O diagnosis remains challenging, with
vague signs and symptoms and difficult diagnos-
tic confirmation. Appropriate suspicion of
chronic, treatment-resistant uveitis can aid in ear-
lier detection. Definitive diagnosis still requires
the identification of lymphoma cells from the vit-
reous or subretinal space in case of PCNSL-O
and choroid or extraorbital sites in case of uveal
lymphoma. Systemic screening and neuroimag-
ing at presentation and follow-up is mandatory
considering concurrent or subsequent CNS
involvement seen in patients with PCNSL-O.
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Background and Planning

Before pars plana vitrectomy was introduced in
the 1970s, enucleation was necessary to make a
tissue diagnosis of primary intraocular lym-
phoma, then known as reticulum cell sarcoma
[1-6]. More recently, a revised nomenclature for
primary intraocular lymphoma has been sug-
gested as primary central nervous system
lymphoma-ophthalmic variant (PCNSL-O) due
to similar histological features of the disease.
Today, enucleation is reserved for patients with
extensive eye disease without any possibility to
restore vision or with intractable eye pain.
Additionally, with the advancements in surgical
techniques and diagnostic testing, such a drastic
diagnostic measure is rarely needed. This chapter
highlights the procedural tools we have in our
armamentarium to help diagnose PCNSL-O.
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A thorough medical history, clinical examina-
tion, ophthalmic imaging, and systemic ancillary
testing should be performed prior to considering
invasive procedures to diagnose PCNSL-O. Often
patients with suspected PCNSL-O have failed
multiple courses of immunosuppressive or anti-
microbial therapy [7]. Additionally, in patients
with suspected PCNSL-O, an MRI of the brain
and often a high-volume lumbar puncture with
cytologic analysis may be performed due to the
high incidence of CNS involvement [8—10]. Once
CNS involvement has been ruled out, an ocular
tissue is often obtained to make the diagnosis.

Intraocular biopsy for the diagnosis of
PCNSL-O requires a coordinated approach
between multiple teams including ophthalmol-
ogy, ocular pathology, and medical oncology
specializing in lymphoma [11, 12]. A preopera-
tive surgical plan including the biopsy technique,
specimens to be obtained, perioperative tissue
handling, and tests to be performed should be
discussed with the ocular pathologist. The type of
biopsy performed is preferred to be the least inva-
sive procedure with the highest diagnostic yield
while minimizing ocular morbidity. Some proce-
dures can be both diagnostic and therapeutic and
may result in additional tissue specimen due to
the therapeutic goal. The biopsy technique cho-
sen directly influences the type, integrity, and
amount of the ocular specimen obtained. Since
the amount of ocular tissue obtained is relatively
small, optimizing the diagnostic yield is critical
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to decrease the need for a repeat surgical proce-
dure. This requires good communication between
ophthalmologist, ocular pathologist, surgical,
and laboratory staff. The ophthalmologist and
ocular pathologist should also work together to
involve cytology, microbiology, and send-out
laboratory testing as needed.

Vitreous Biopsy

The vitreous is the preferred location for obtain-
ing a tissue specimen in patients with chronic vit-
ritis of unknown etiology, which is partially
responsive  to immunomodulatory therapy.
Vitrectomy can also aid in the diagnosis of
PCNSL-O in cases with concurrent CNS disease
on imaging but non-diagnostic cerebrospinal
fluid analysis [13]. It is important to understand
some general principles when planning a surgical
approach for the intraocular biopsy of
PCNSL-O. It is imperative to have a broad dif-
ferential in mind as generally these cases are
diagnostic challenges with PCNSL-O masquer-
ading as another entity. Therefore, having a dif-
ferential diagnosis can help tailor the diagnostic
testing and help increase the diagnostic yield of
the procedure. Furthermore, getting as much
undiluted vitreous fluid as safely possible is of

Fig. 7.1 (a) Setup showing 10 cm?® syringe connected to
the vitrectomy cutter aspiration line. This will be used by
the assistant to aspirate the vitreous. (b) Alternative setup
with two 18-gauge needles connected to a sterile red top
vacutainer for automatic collection of specimens in the

key importance. Subsequently, a complete vitrec-
tomy should be performed with the partially
diluted vitreous fluid collected. Even though in
this chapter, we are highlighting details of both
vitreous and chorioretinal biopsy separately,
these procedures are not always mutually exclu-
sive. Subretinal aspiration is commonly used to
remove deposits from the subretinal space that
are visible on examination or guided by intraop-
erative optical coherence tomography (OCT)
imaging. A combination of the two approaches
can be performed if the vitreous specimen alone
is anticipated to be adequate.

Techniques

The vitreous biopsy technique for patients with
suspected PCNSL-O follows a common protocol.
A complete core vitrectomy is recommend
because cytological analysis is performed along
with the frequent addition of molecular testing
[14]. In our technique, the procedure begins with
the placement of three valved cannulas using a
25-gauge vitrectomy system. An unprimed infu-
sion line is clamped and inserted into the infero-
temporal cannula. A 10 cm? syringe is connected
to the vitrector handpiece allowing for manual
aspiration by an assistant (Fig. 7.1a). A cut rate of

collection tubing held vertically by the assistant. Note that
the needle with male adapter is attached to vitrectomy
probe and the tubing from the other needle extends to the
vitrectomy machine
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up to 1500 per minute is preferred as higher cut
rate may damage potentially viable neoplastic
cells. Under wide field visualization through a
surgical microscope, the surgeon engages the vit-
reous cutter while the assistant aspirates 1-2 cm?
of undiluted vitreous specimen to just avoid
globe collapse. It is important to avoid aspiration
without cutting vitreous at the cannula to prevent
vitreous traction and iatrogenic tears. The goal of
this maneuver is to remain in the vitreous with
directed removal of visible cellular material.
Infusion of air or injection of perfluorocarbon
can also be utilized to improve yield of the speci-
men [15, 16]. An alternative surgeon-controlled
aspiration technique has also been published [17,
18]. This technique uses two 18-gauge needles
(one connected to a male adapter) that are inserted
into a sterile red top BD vacutainer (Becton,
Dickinson, and Company, Franklin Lakes, NJ).
It is important to make sure that the tube is also
sterile on the external surface unlike regular red
top blood collection tube. One recommended
tube is the 10-mL Draw Red Stopper BD
Vacutainer Blood Collection Tube (802012;
Becton, Dickinson, and Company, Franklin
Lakes, NJ). The other ends of the needles are
connected to the aspiration tubing such that the
needle with the male adapter receives the tubing
from the vitrectomy probe and the tubing from
the other needle heads toward the vitrector
(Fig. 7.1b). The tube is then held upright by the
assistant so that the specimen collects at the bot-
tom of the tube, while the surgeon aspirates the
specimen controlling the rate with the foot
pedal. It is important to keep the tube upright
while suctioning to prevent the specimen from
getting drawn up toward the second needle and
into the vitrectomy machine. Once the undiluted
specimen is collected by any of the techniques
described above, the infusion is unclamped to
maintain the globe integrity, and a second
10 cm? syringe is connected to obtain 8—10 cm?
of partially diluted vitreous specimen which is
commonly used for molecular diagnostic test-
ing. Next, a therapeutic vitrectomy can be per-
formed based on the clinical scenario and
surgical plan. The sclerotomies are sutured
close at the end of the procedure.

Specimen Division and Processing

It is important to pre-plan the specimen division
and processing with the ocular pathologist to
ensure rapid processing. This is imperative to
avoid lysis of the cells as lymphoma cells begin
to deteriorate rapidly once removed from the vit-
reous cavity [19]. Both undiluted and diluted
specimens should be sent for diagnostic testing
(details in the next section). Table 7.1 highlights
recommended volumes of specimen to be sent for
various testing. Additional specimen, if possible,
should be collected to increase diagnostic yield
of the procedure. The undiluted vitreous speci-
men should be prioritized for testing specifically
for PCNSL-O, while the diluted specimen can
also be partially used for the detection of infec-
tious processes (Table 7.2). The vitrector cassette
may be included in the final specimen. Once the
division of specimen is performed, time is of
essence and the vitreous specimens should be
hand carried to pathology by either the surgeon
or by a reliable team member. However, if imme-
diate transport of the specimen is not possible,
then the specimen for cytopathology should be
cryopreserved in CytoLyt (Hologic Inc, Santa
Clara, CA, USA) solution and the flow cytometry

Table 7.1 Recommended volumes of diluted and undi-
luted vitreous specimen to be sent for various diagnostic
testing

Dilute vitreous Undilute vitreous

Test specimen (cm®)  specimen (cm?)
Cytopathology 2-3 0.75-1.0

Flow 6-8 1.0

cytometry

MYD 88 PCR 0.2-0.4

Microbiology 0.5

Table 7.2 Prioritization of dilute and undilute vitreous
specimen for various diagnostic testing

Dilute Undilute
Test vitreous vitreous Media
Cytopathology XX XXX CytoLyt
Flow XXX XX RPMI
cytometry
MYD 88 PCR XXX RPMI
Viral PCR XXX
Microbiology XXX X
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and MYDS88 polymerase chain reaction (PCR)
specimen should be preserved in the tube con-
taining Roswell Park Memorial Institute (RPMI)
culture medium (Table 7.2).

Diagnostic Testing

The specimens collected from the vitrectomy are
sent for various tests in addition to cytopathologi-
cal analysis. These tests may include: (1) immu-
nohistochemistry; (2) flow cytometry; (3),
cytokine analysis; (4) PCR for immunoglobulin
heavy chain gene (IGH) rearrangement and
myeloid differentiation primary response 88
(MYDS88) L265P mutation.

Cytopathological identification of malignant
lymphoma cells is considered the gold-standard
for diagnosing PCNSL-O. The findings seen on
cytopathology include atypical cells with large
nuclei (2-4 times the normal lymphocytes),
coarse chromatin, and high nuclear-cytoplasmic
ratio due to scant cytoplasm [20, 21].

Immunohistochemistry analysis for CD20,
which is a B-cell biomarker, and CD3, which is a
T-cell biomarker, is also used to identify lym-
phoid cells. Unlike uveitis where T-cell predomi-
nation is detected, a higher proportion of B-cells
usually supports the diagnosis of B-cell lym-
phoma [21, 22]. However, T-cell lymphomas can
cause PCNSL-O in rare instances.

Flow cytometry is used to assess for monoclo-
nality in cases of suspected lymphoma [23]. This
is demonstrated by restriction of the B-cells to
kappa and lambda light chain positivity and
dominance.

Cytokine analysis for the IL-10 to IL-6 ratio
has been shown to reliably distinguish PCNSL-O
from inflammatory uveitis [24, 25]. High IL-10
levels are generally seen in PCNSL-O compared
to IL-6 which is commonly elevated in uveitis
[26, 27]. The absolute values of the interleukins
can be affected by dilution of the specimens.
Therefore, the ratio of IL-10:IL-6 of greater 1.0 is
considered to be suggestive of lymphoma com-
pared to inflammatory uveitis [28]. The ratio of
less than 1.0 is labeled as negative and a ratio of
1.0 is considered inconclusive. It is important to

note that this ratio does not extend to cases of the
less common T-cell lymphomas where the ratio of
less than 1.0 is considered positive and greater
than 1.0 is considered negative. Overall,
IL-10:IL-6 of greater than 1.0 has been found to
be positive in 88-92% of cases of PCNSL-O [29,
30]. However, this method alone cannot con-
cretely define PCNSL-O because there is variabil-
ity in testing kits and techniques between different
laboratories. Therefore, most experts use this test
as an indirect marker of diagnosis. Additionally,
the cytokine levels can be used as a therapeutic
marker for measuring response to treatment.
PCR detection of clonal rearrangement of the
IGH gene in DNA of the lymphoma cells is
another supportive diagnostic test in patients with
PCNSL-O [28]. This gene rearrangement is seen
in lymphoma cells but was not noted in normal
retina and cells from lymphoid hyperplasia [29,
31, 32]. The prevalence of IGH gene rearrange-
ment in cases of PCNSL-O was found to be
80-100%, although false positives are possible
when the number of cells is too low [29, 33, 34].
Within the past decade, a specific mutation in
the MYDS88 gene has been identified as a novel
marker for the diagnosis of PCNSL-O. The
MYD8S8 protein is a cell membrane protein that
couples with the toll-like receptors involved in
recognition of pathogen associated molecular
patterns. This activates the innate immune
response via nuclear factor (NF-kB) and other
cellular cascades [35]. The mutation MYDS88-
L265P which substitutes leucine with proline at
amino acid 256 is a gain in function oncogeni-
cally active mutation resulting in increased
NF-kB activity promoting cell survival [36]. This
mutation was first described in a patient with
Waldenstrom’s macroglobulinemia. However,
this mutation has been commonly associated
with various other lymphomas including large
B-cells lymphoma of the central nervous system
[37, 38]. The presence of this mutation was first
noted by Pulido et al. in 2015 and has been found
to have a prevalence of 60-80% in cases of
PCNSL-O [22, 39, 40]. Additionally, only
5-10 ng DNA is needed to test for this mutation
helping with the challenge of the small specimen
collection when diagnosing PCSNL-O [41].
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Besides these commonly used diagnostic
methods, new tests are being studied including
targeted next-generation sequencing [22, 28].
Cani et al. utilized next-generation sequencing
spanning 126 genes on small volume vitreous
specimens from four patients with PCNSL-O
[42]. In addition to the MYD88-L265 mutation,
they were able to identify multiple new genetic
mutations. These include gain of function muta-
tion S243N within MYDS88 gene and loss of
tumor suppressor gene CDKN2A. The addition
of this technology will not only add to our arma-
mentarium of diagnostic testing of PCNSL-O but
also provide genetic targets for the development
of gene therapies.

Until recently, despite having an array of test-
ing methodologies, there were no uniform guide-
lines for recommended testing in patients with
PNCSL-O. In 2021, a consensus recommenda-
tion for the diagnosis of PCNSL-O was published
[43]. The study used Delphi methodology with
28 experts in the field to establish these guide-
lines. In terms of diagnostic testing, performing
diagnostic vitrectomy was recommended with
the collection of both diluted and undiluted spec-
imen. Testing for IL-10:IL-6 and MYD88 was
highly recommended along with cytology, immu-
nophenotyping, and light chain restriction. It was
also recommended to use MYD88 and IL10:1L-6
ratio to aid in diagnosis of cases with negative
cytology and flow cytometry. However, if
MYDS8S and IL testing is unavailable, collecting
chorioretinal specimen from suspected lesions,
or repeat vitrectomy was recommended. Lastly,
if there is still high suspicion despite negative
ocular testing, a multidisciplinary approach
involving neurology and medical oncology may
be helpful as the patients may need further CNS
evaluation (high-volume LP, serial MRI) and
close monitoring of the ocular status to monitor
for disease progression.

DiagnosticYield
Vitreous biopsy specimens may not always result

in detection of neoplastic PCNSL-O cells. This is
especially common in cases with minimal vitre-

ous findings. This can also happen because the
cells may have degenerated due to prolonged
time between specimen collection and analysis.
The quality of the specimen may also be too poor
to perform any cytological or molecular analysis.
Therefore, it may be necessary to perform another
vitrectomy and collect additional vitreous if there
are cells remaining or a chorioretinal biopsy.

Over the years, various studies have demon-
strated a range of diagnostic yield (10-99%) of
vitreous fluid analysis to help establish a diagno-
sis of PCNSL-O [21, 44-48]. This wide variation
in diagnostic yield may be attributed to major
changes in technique and testing strategies over
the years. There has been a shift from 20-gauge
toward smaller gauge systems for diagnostic vit-
rectomy. Kanavi et al. compared the yield of their
25-gauge diagnostic vitrectomy against previous
studies where 20-gauge vitrectomies are per-
formed and showed improvement in yield in
studies where 25-gauge vitrectomy was used
[46]. Infusion of air or injection of perfluorocar-
bon during vitrectomy has been described to
increase the yield of undiluted vitreous [15, 49,
50]. However, the change in vitrectomy tech-
nique is only one factor responsible for increas-
ing the diagnostic yield of vitreous specimen for
diagnosis of PCNSL-O. Testing strategies and
methods can cause significant variation in the
diagnostic yield.

In studies where cytopathological analysis
was mainly used for the diagnosis of PCNSL-O
in suspected cases, the diagnostic yield varied
between 10% and 50% [44, 45, 47]. The variabil-
ity in yield has been attributed to the range in pre-
test probability of suspected lymphoma in the
cases analyzed. Notably, lower yields were found
in studies that considered patients with other
diagnoses in addition to PCNSL-O. Davis et al.
were among the first to compare the role of cyto-
logical evaluation against the flow cytometry in
patients with suspected PCNSL-O and infections
[45]. For cases with suspected PCNSL-O, the
sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) for
cytology were 31%, 100%, 100%, 60.9%, respec-
tively. These results highlight that while a posi-
tive cytologic evaluation is certain for the
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diagnosis of PCNSL-O, a negative result does not
always rule out the disease. The additional tests
used in the diagnosis of PCNSL-O have variable
sensitivities and specificities. The IL-10:IL-6
ratio has been reported to have a sensitivity and
specificity ranging between 75% and 99% and
74-85%, respectively [28, 29, 51, 52]. Similarly,
IGH gene rearrangements testing has yielded
sensitivity between 95% and 100% and specific-
ity between 95% and 99% [22, 29, 52, 53]. A
recent meta-analysis by Sehgal et al. reviewed 33
studies during the last decade to calculate the
mean along with the coefficient of variation
(variation between sensitivity of a particular test
across studies) of five commonly used tests in the
diagnosis of PCNSL-O [54]. Their results showed
that the highest non-weighted mean sensitivities
and lowest coefficient of variation were for
MYDS88 (75% and 0.19) and cytokine analysis
(86% and 0.17). Whereas the non-weighted mean
sensitivities and coefficient of variation for cytol-
ogy, flow cytometry, and IGH gene rearrange-
ment studies were 71% (0.39), 58% (0.57), and
66% (0.44), respectively.

It has been shown in multiple studies that
combining these diagnostic tests can increase the
overall diagnostic yield of the vitreous specimen.
In a study by Davis et al., flow cytometry analysis
improved the sensitivity (60-94%) and NPV
(63-75%), albeit compromising the specificity
(60-94%) and PPV (67-88%), depending on
which marker was analyzed. Other studies have
shown that combining cytology with adjunctive
tests can increase the diagnostic yield of vitreous
specimen to 66-90%. Yeh et al. showed that
adjunctive diagnostic testing (immunohisto-
chemistry, flow cytometry, cytokine evaluation,
gene rearrangement studies), when compared to
only cytology, increased the diagnostic yield
from 25% to 67% [48]. Santos et al. compared
various diagnostic statistical parameters for sin-
gle tests against the combination of two or three
tests for diagnosis of PCNSL-O [21]. Their
results demonstrated best outcomes when a com-
bination of cytologic smears, immunohistochem-
istry, and cytokine analysis was utilized to reveal
a sensitivity, specificity, PPV, NPV, accuracy, and
diagnostic yield of 92%, 98%, 92%, 98%, 96%,

and 100%, respectively. Irina et al. demonstrated
an increase in sensitivity of vitreous fluid analy-
sis from 62% to 91% and negative predictive
value from 86% to 91% by the addition of
MYDS88 mutation analysis [S5]. Therefore, a
combination of cytology and additional diagnos-
tic tools can potentially increase the overall effi-
cacy of diagnostic vitrectomy.

Chorioretinal Biopsy

The previously mentioned vitreous biopsy
requires malignant lymphoma cells to be present
within the vitreous cavity in adequate quantity for
diagnosis. However, due to various factors, vitre-
ous biopsy can yield false negative results. These
include degeneration or paucity of cells in the vit-
reous cavity or the specimen obtained. Therefore,
it may be necessary to obtain a tissue specimen
from the choroid and retina to confirm or rule out
a malignant etiology. However, these biopsies are
mainly performed when the suspicion for
PCNSL-O is high despite a negative vitreous
biopsy or in cases of uveal or choroidal lympho-
mas, as the technique is not without risks. These
risks include hemorrhage, endophthalmitis, reti-
nal detachment, proliferative vitreoretinopathy,
hypotony, and cataract formation [56]. Like vitre-
ous biopsies, chorioretinal biopsies require proper
planning including coordinating care between the
ocular surgeon and ocular pathologist. This maxi-
mizes yield of the invasive procedure and
decreases the rate of unsuccessful attempts.

The surgical technique can be divided into
fine-needle aspiration or en-block resection via
transscleral or transvitreal approach [57-63].
Fine-needle aspiration is often the procedure of
choice; however, one can consider full thickness
chorioretinal biopsy if needed. Although tissue
collection of infiltrated retina alone is enough for
diagnosis, it is common for PCNSL-O to involve
the subretinal space, separating the neurosensory
retina from the underlying retinal pigment epi-
thelium, which may also be involved. Therefore,
it is more ideal to biopsy both retina and choroid
to ensure adequate tissue collection for diagnosis.
Tumor location, size, or association with adjacent
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tissue can also guide the chosen approach.
Generally, tumors anterior to the equator are
approached via transscleral route. This approach
is technically easier and has a lower chance of
bleeding, retinal detachment, and endophthalmi-
tis. However, there is no direct visualization of
the tumor in this method and there is a theoretical
risk of extraocular extension. Transvitreal
approach, however, is more commonly utilized
for tumors posterior to the equator and has the
advantage of direct tumor visualization. This
method is more technically challenging and is
associated with an increased risk of vitreous
hemorrhage, retinal detachment, and endophthal-
mitis. Regardless of the biopsy approach, tissue
is often divided into three portions of varying
sizes depending on the differential diagnosis:
One for histopathological studies, second frozen
for immunopathologic and molecular character-
ization, and third for microorganism cultures.

Techniques

Fine-Needle Aspiration

The lymphoma cells in PCNSL-O are most com-
monly present in the sub-RPE space. These
deposits can be aspirated as part of vitrectomy for
vitreous biopsy if visible during the procedure or
guided by intraoperative OCT (Fig. 7.2). They
are commonly aspirated with a long 27- or
30-gauge needle connected to a 10 mL syringe
with a 12—18-inch plastic tubing or via the vitrec-
tor using automated aspiration [56, 61-64]. The
advantage of using connector tubing is to prevent
any movement of the needle, while the assistant
performs the aspiration maneuver. The needle
can be bent before use to aid in the biopsy of thin
lesions. This allows the surgeon to approach the
tissue at a flatter angle rather than a 90-degree
vertical angle allowing access to a larger area of
the lesion while minimizing the risk of perforat-

Fig. 7.2 (a) Preoperative optical coherence tomography
(OCT) scan through suspected primary central nervous
system lymphoma-ophthalmic variant (PCNSL-O) dem-
onstrating subretinal infiltrates. (b) Intraoperative OCT

guided fine-needle aspiration biopsy being performed on a
different patient. The needle track is visible on the OCT
images. (Courtesy of Sunil Srivastava, MD from Cole Eye
Institute)
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ing deeper structures. The needle is inserted via
the pars plana and advanced until it is within the
lesion. Multiple aspirations are performed before
carefully withdrawing the needle out of the eye.
Although fine-needle aspiration is less invasive
than en-block resection, complications including
subretinal hemorrhage and choroidal neovascu-
larization have been reported. If vitrectomy is not
planned and the location of the tumor is anterior
to the equator, fine-needle aspiration to collect
the specimen can also be performed via transs-
cleral approach. The area to be biopsied is transil-
luminated and the biopsy site is marked. A partial
thickness scleral pocket is created. A long 27- or
30-gauge needle connected to a 10 mL syringe
via 12-18-inch plastic tubing is used to aspirate
the specimen. Multiple passes are performed
within the pocket created. Once adequate speci-
men is collected, the pocket is sutured close.
Focal retinal detachments can occur in the area of
biopsy. Importantly, although least invasive, this
method carries a greater risk of inadequate speci-
men collection.

Transvitreal Chorioretinal Biopsy

The transvitreal approach is another option for
obtaining tissue for diagnosis of PCNSL-O [59,
60]. A chorioretinal biopsy is performed using a
23-, 25-, or 27-gauge vitrectomy system and
requires careful planning with the ocular patholo-
gist. The biopsy site should be chosen at the edge
of the abnormal tissue (guided by preoperative
imaging and intraoperative OCT) to maximize
the chance of including both active disease and
normal tissue for comparison by the pathologist
[64, 65]. The most superior edge is preferred to
facilitate tamponade and minimize the potential
effect of proliferative vitreoretinopathy [66].
Large retinal vessels and subretinal fluid should
be avoided to prevent hemorrhage and allow for a
single intact chorioretinal specimen. Three
valved cannulas are placed at the pars plana in a
standard fashion, and a complete vitrectomy is
performed. The hyaloid is elevated completely to
minimize morbidity in cases that can develop
proliferative vitreoretinopathy. An anterior drain-
age retinotomy may be necessary in cases with
exudative retinal detachments at the planned

biopsy site. Endolaser or endodiathermy is used
to encircle the 1-4 mm? biopsy site down to the
choroidal vessels with special care to diathermize
any involved large retinal vessels (Fig. 7.3a) [67].
The intraocular pressure is raised. A chandelier
can be placed to allow for bimanual technique.
Multiple instruments can be used to cut the
specimen including the vitrector, diamond knife,
or vertical scissors that are controlled by hand or
a foot pedal (Fig. 7.3b) [68]. Cutting the retina,
RPE and choroid usually require multiple passes
along with mild posterior pressure. It is often
aided by the bimanual use of forceps to provide
counter traction on the tissue. A small portion of
the specimen should be left uncut to preserve ori-
entation and prevent dislocation. One cannula
should be removed and the sclerotomy gener-
ously enlarged to remove the specimen. Forceps
are passed through the sclerotomy, and the
remaining small portion of the specimen is cut
[69]. Care is taken to remove both the retinal and
choroidal tissue as they may become separated
during manipulation (Fig. 7.3c). The infusion is
clamped at the time of specimen removal to pre-
vent intraocular turbulence and to avoid the spec-
imen plugging and then projecting from the
sclerotomy. The assistant is ready with filter
paper adjacent to the sclerotomy over the surgical
field. Laser retinopexy is performed around the
biopsy site using endolaser. An air-fluid exchange
is performed followed by insertion of gas or sili-
cone oil for tamponade. The sclerotomies are
sutured, and cryotherapy can be applied in cases
concerning for malignancy (Fig. 7.3d).

External Chorioretinal Biopsy

The external approach for chorioretinal biopsy is
another method for tissue diagnosis of PCNSL-O
[14]. Tt requires laser photocoagulation of the
zone to be biopsied. This can be done in the out-
patient setting 1-3 days before surgery if the area
of the lesion is clearly visible. Alternatively, in
patients with less-than-optimal media clarity,
endolaser can be applied during the operative
procedure. After complete conjunctival peritomy
and isolation of recti muscles, a three port pars
plana vitrectomy is performed and vitreous spec-
imen collected as previously explained. After vit-
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Fig.7.3 (a) Endolaser or endodiathermy is used to encir-
cle the biopsy site down to the choroidal vessels with spe-
cial care to diathermize any involved large retinal vessels.
(b) The specimen is cut using the vitrector. Alternate
instruments include diamond knife or vertical scissors that

rectomy, endolaser is introduced and applied to
the area to be biopsied if it was not performed
preoperatively. The area to be biopsied can be
transilluminated and a boundary is marked at the
scleral biopsy site. A nearly full thickness hinged
scleral flap is created exposing the choroid. A
penetrating diathermy is applied through the cho-
roid and retina along the outer margin of the cho-
roidal bed. Two similar sized incisions parallel to
the limbus are created and a full thickness edge of
the retina and choroid is grasped using 0.12 for-
ceps by passing it through one of the incisions.

are controlled by hand or the foot pedal. (¢) The specimen
is removed by enlarging the sclerotomy and inspected on
a white filter paper making sure both retinal and choroidal
tissue are obtained. (d) Postoperative photograph showing
the biopsy site with surrounding laser retinopexy

This is followed by two perpendicular incisions
demarcating a block of the chorioretinal tissue,
which is removed. It is imperative that the tissue
is only grasped with forceps once while these
maneuvers are being performed so that tissue
architecture remains intact and to avoid crush
artifact. The scleral flap is sutured followed by
fluid gas exchange and completion of the vitrec-
tomy procedure. This approach provides en-
block removal of the area of interest providing
excellent anatomical integrity for tissue diagno-
sis of PCNSL-O.
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Diagnostic Yield

As chorioretinal biopsy is often the second choice
in cases with inconclusive vitreous biopsy and
high suspicion for malignancy due to limited
response to therapy or involvement of fellow eye
despite treatment, the published literature on the
topic is mainly limited to case reports and small
case series [12, 56, 60, 66, 70]. Johnston et al.
retrospectively reviewed chorioretinal biopsies
performed in atypical cases of uveitis [66]. Four
patients underwent external chorioretinal biop-
sies, while ten patients had transvitreal chorio-
retinal biopsies performed. The biopsies
confirmed the diagnosis of a malignant etiology
in seven cases and successfully ruled out malig-
nancy in the remaining six cases, although an
alternative tissue diagnosis was not confirmed.
The complications noted in this series included
retinal detachment with subretinal hemorrhage in
one patient, cataract progression in one patient,
and phthisis in one patient. Another small case
series of three patients reported successful identi-
fication of underlying etiology in patients who
underwent transvitreal chorioretinal biopsies
[60]. Mastropasqua et al. recently performed a
retrospective review of 29 patients with severe
uveitis requiring a chorioretinal biopsy for sus-
pected PCNSL-O [12]. Biopsy was able to pro-
vide a tissue diagnosis in 26 cases with 17 cases
(56%) testing positive for PCNSL-O and nine
cases (31%) with other etiologies were identified.
No specific diagnosis was achieved in three
cases. Postoperative complications included vit-
reous hemorrhage and retinal detachment in two
patients each.

Based on these studies, chorioretinal biopsies
provide an accurate tissue diagnosis and can play
a significant role in cases of suspected PCNSL-O,
but the procedure is not without risk. More
recently, utilization of immunophenotypic and
molecular testing along with cytology has
improved the diagnostic accuracy of vitreous
biopsy for PCNSL-O, reducing the need for cho-
rioretinal tissue sampling.
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Vitreoretinal Lymphoma:
Intraocular Therapy

Jacob Pe'er and Shahar Frenkel

Introduction

PCNSL-O is the most common lymphoma affect-
ing the eye and its surroundings. Still, it is a rare
malignancy that almost always involves the vitre-
ous and may additionally involve the retina, sub-
retinal space, retinal pigment epithelium, and the
optic nerve [1]. These are high-grade, mostly
B-cell malignancies that are associated with a
poor prognosis if the patient also develops central
nervous system lymphoma (CNSL) [2]. T-cell
PCNSL-Os are much less common, constituting
only about 10% of the cases [1, 3]. Three other
groups of intraocular lymphomas involve various
parts of the uvea and are usually low-grade B-cell
lymphomas [2].

PCNSL-O is often associated with CNSL and
is considered by specialists as a subgroup of
CNSL [4, 5], and 9% of the patients initially
diagnosed with either PCNSL-O or CNSL are
simultaneously diagnosed with lymphoma at the
other site as well [1]. It has been reported that
56-90% of PCNSL-O patients ultimately develop
CNSL, while 11-54% of patients with CNSL
develop PCNSL-O [1, 4, 6-9]. PCNSL-O is com-
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monly diagnosed in patients over 50 years of age,
although younger patients are also diagnosed.
There is no clear sex predilection [4, 5], although
in several studies, more women were affected
than men [1, 10, 11].

The hallmark of PCNSL-O is the presence of
cells in the vitreous, mainly in clumps, which is
often misdiagnosed as non-responsive uveitis,
along with retinal and subretinal infiltrates [12].
In contrast with the reduction in visual acuity in
uveitis with similar findings, the visual acuity of
PCNSL-O patients is unexpectedly good.

A clinical diagnosis of PCNSL-O often relies
on the above-mentioned clinical findings, some-
times assisted by neurological symptoms and
CNS MRI findings. However, a biopsy is needed
to confirm the diagnosis. Some experts find that a
suggestive clinical picture of PCNSL-O with a
positive brain biopsy for CNSL is sufficient for
the diagnosis of PCNSL-O. Usually, one per-
forms a diagnostic vitrectomy or vitreous tap
without or with an anterior chamber tap. The vit-
reous samples can be analyzed for the presence
of malignant cells by cytopathology with possi-
ble immunohistochemical staining or flow
cytometry to identify the cell type and monoclo-
nality. Other diagnostic methods are the measure-
ment of the levels of interleukins (IL-10 and
IL-6) and the ratio between them, which was
found to be a very sensitive test, also in aqueous
humor samples from the anterior chamber (AC)
of the eye; PCR for detection of immunoglobulin
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heavy chain (IgH) or T-cell receptor (TCR) gene
rearrangement which indicates clonality of
malignant cells; and a search for an L265P muta-
tion in the myeloid differentiation primary
response gene 88 (MYDS88) in diffuse large
B-cell lymphoma [4, 9, 13—17].

Since intraocular lymphoma was first recog-
nized in 1951 [18, 19], initially as ocular reticu-
lum cell sarcoma, its treatment has evolved from
enucleation [19] through radiation therapy, with
or without whole-brain radiotherapy, systemic
chemotherapy, intrathecal chemotherapy, intra-
vitreal chemotherapy, and biological therapy. All
of these modalities have been successful in eradi-
cating intraocular disease.

Failing to treat the eyes will result in blind-
ness, but failing to treat the brain would result in
death. There is a years-long debate whether add-
ing systemic treatment to PCNSL-O patients
with no clear sign of CNSL can prevent CNSL
[4]. So far, there have been no randomized clini-
cal trials that can lead to a consensus recommen-
dation that will solve this debate. In their report,
the International CNSL Collaborative Group rec-
ommended systemic treatment if the disease
involves the CNS and local ocular treatment if
the disease involves only the eye, with close fol-
low-up and ongoing collaboration between
neuro-oncologists and ophthalmologists [4].
Several other studies presented additional data to
support that recommendation [9, 11, 20-23].

Radiation therapy in doses ranging between
30 and 50 Gy was the gold standard for treating
intraocular lymphoma in many institutions.
However, because of a high recurrence rate and
ocular complications, radiation is less often con-
sidered nowadays for therapy of PCNSL-O [8].
Systemic chemotherapy, mainly with high-dose
methotrexate (MTX), sometimes combined with
rituximab, which is used for treating CNSL, has
also been used for treating PCNSL-O. However,
the limited penetration of systemic drugs into the
vitreous is well known, leading to incomplete
response [8]. Therefore, direct intravitreal injec-
tion of drugs, including, among others, chemo-
therapeutic and biological drugs, has become
routine in the treatment of various infectious,
inflammatory, neovascular, and malignant intra-

ocular diseases. Intravitreal chemotherapy has
become the most common method of treating
PCNSL-O. In this chapter, we review the current
status of intraocular chemotherapy for PCNSL-O.

Intravitreal Chemotherapy

Intravitreal chemotherapy can be given as pri-
mary therapy for PCNSL-O or as adjuvant ther-
apy to other treatment methods, although in
recent years, the primary intravitreal treatment
has become the gold standard.

One of the goals of treating cancer is the local-
ized delivery of therapeutics to the cancer without
affecting the rest of the body. Intravitreal injec-
tions are therefore an ideal delivery route for
treating intraocular malignancies. Ericson and
associates [24] had performed trials of intravitreal
injections of thiotepa, nitrogen mustard, cyclo-
phosphamide, and methotrexate into rabbits’
eyes, finding no significant intraocular toxicity
except in those treated with nitrogen mustard.
They even treated several patients with retinoblas-
toma with intravitreal injections of thiotepa [25].
From 1961 to 1995, it took three decades for
another attempt with an intravitreal treatment for
retinoblastoma [26]. However, shortly thereafter
(1996) intravitreal melphalan for retinoblastoma
became a routine practice in Japan [27, 28], while
intravitreal methotrexate (MTX) was suggested
for the treatment of PCNSL-O in 1997 [29].

In the following paragraphs, we will describe
the main drugs currently used in intravitreal
injections for treating PCNSL-O.

Intravitreal Methotrexate

Methotrexate (MTX) is currently the most com-
monly used drug for PCNSL-O. MTX is an anti-
metabolite that acts by competitive inhibition of
the enzyme dihydrofolate reductase, resulting in
reduced thymine synthesis, an essential nuclear
base in DNA [30].

Fishburne and associates at the Oregon Health
& Science University (OHSU, Portland, Oregon,
USA) [29] were the first to report in 1997 on the
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treatment of PCNSL-O in seven eyes of four
patients with intravitreal injections of 400 pg of
MTX, injecting 6-11 injections per eye, in con-
junction with systemic chemotherapy delivered
by hyper-osmotic blood—brain barrier disruption
(BBBD). All patients had complete remission
without serious ocular toxic effects.

These promising results were repeated by de
Smet and associates [22, 23, 31, 32] from the
National Eye Institute at the NIH, who reported
two successful cases of treating recurrent
PCNSL-O with combined intravitreal chemo-
therapy, one case with intravitreal MTX and thio-
tepa and one case with intravitreal MTX and
dexamethasone, with a full remission.

Following the clinical results, they set out to
test the pharmacokinetics of a single dose of
intraocular injection of MTX in a blind eye of a
patient with recurrent PCNSL-O. Injecting
400 pg resulted in lymphocytotoxic concentra-
tions for 5 days [31]. Next, Velez and associates
[33] investigated the pharmacokinetics and toxic-
ity of several intravitreal injections of 400 pg
MTX in rabbits’ eyes, together with single injec-
tions of fluorouracil and dexamethasone. They
found that MTX vitreous levels remain therapeu-
tic (>0.5 pM) in the rabbit eye for 48—72 h with-
out evidence of toxicity.

In 2002 the OHSU group together with the
Hadassah Medical Center group reported a larger
series of 26 eyes of 16 HIV-negative patients with
PCNSL-O from the two centers, treated by intra-
vitreal injections of 400 pg MTX in 0.1 mL [34].
Their protocol included three phases: two injec-
tions per week for a month as an induction phase;
weekly injection for a month in one center and
2 months in the other center as consolidation
phase; and subsequently a maintenance phase of
monthly injections to complete a year of treat-
ment. All eyes achieved remission after a maxi-
mum of 12 MTX injections (mean of 8.5
injections). Three patients of the center with the
shorter consolidation phase had a relapse in the
eye and were treated again using the same intra-
vitreal injections protocol with complete remis-
sion. Unfortunately, six of the 16 patients died in
follow-up as a result of progressive CNSL, but
without clinical ocular involvement.

Frenkel and associates at the Hadassah
Medical Center (HMC) reported a large series of
44 eyes of 26 patients from a single center, who
were treated by the same induction-consolidation-
maintenance regimen of intravitreal MTX injec-
tions [35] (this group included half of the patients
reported by Smith et al. [34]). This HMC group
of patients also included several patients with
T-cell lymphoma [35]. Clinical remission was
reached in all eyes after an average of 6.4 injec-
tions, with 95% of the eyes needing 13 injections
or less to be cleared of lymphoma cells. None of
the patients had a relapse. All patients in these
reports who had PCNSL-CNS were also treated
for the brain disease by systemic chemotherapy.
Sou and colleagues [36] reported similar results
in one Japanese center.

The most common side effects of the intravit-
real injections are conjunctival hyperemia and
transient keratopathy, ranging from diffuse punc-
tate keratopathy to severe epitheliopathy, which
usually subside during the maintenance phase [1,
34, 37]. Keratopathy usually leads to a transient
decrease in the visual acuity, sometimes even
more than expected to that degree of dryness,
which usually improves after completion of the
consolidation phase. Other complications are
acceleration of existing cataract, which could
also be due to diagnostic vitrectomy, neovascular
glaucoma, which could have occurred because of
the PCNSL-O itself, and sterile intraocular
inflammation that can be successfully treated by
corticosteroids [1, 34, 38]. Patients treated with
BBBD for CNSL may develop maculopathy
without a significant effect on their visual acuity
[34]. None of the patients who were treated with
intravitreal injections of MTX but were not
treated with BBBD developed maculopathy [39].

There have been some differences in the proto-
cols used in various institutions for intravitreal
MTX monotherapy for treating PCNSL-O. Most
treating ophthalmologists inject 400 pg in 0.1 mL,
as in the first studies. Only a few injected less than
400 pg, and some, like us, reduced the injection
volume to 0.05 mL. However, the number of
injections varies widely, and some will inject
“according to the clinical behavior of the lym-
phoma” [40]. Reducing the number of injections,
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especially in the induction and consolidation
phase, was attempted to reduce the rate and sever-
ity of the keratopathy. However, shorter induction
and consolidation phases increased the local
recurrence rate from 2.5% [1] to 18-33% [41, 42].

Combined intravitreal injections with systemic
chemotherapy, mostly high-dose MTX, have been
used in treating PCNSL-O [40-43]. However,
there is no evidence that the systemic MTX
improves or shortens the time of treatment or
increases the time to relapse and progression of
the PCNSL-O. In addition, there is no proof that
systemic chemotherapy prevents the development
of CNSL in PCNSL-O patients without CNSL [9,
11, 20-23]. In our experience and that of others,
intravitreal MTX injections should be used for
treating PCNSL-O and systemic chemotherapy
for treating PCNSL-CNS. We recommend avoid-
ing systemic chemotherapy in the treatment of
PCNSL-O patients when CNS is not involved.
Other combination treatments for PCNSL-O are
the use of intravitreal MTX and rituximab, some-
times with the addition of systemic chemotherapy
or even radiotherapy [21, 44-46].

Intravitreal Rituximab

Rituximab is a humanized monoclonal antibody
that targets CD20-positive B-cells in all stages,
from a pre-B-cell through a mature B-cell. Thus,
CD20 also presents on lymphomatous B-cells in
PCNSL-O and CNSL. Rituximab was approved
in 1997 by the FDA to be used in B-cell lympho-
mas of various types. With the vast majority of
PCNSL-O and CNSL resulting from malignant
B-cells, rituximab seems an ideal, specific drug
for intravitreal therapy. The hope was to reach the
same tumoricidal effect with milder side effects
and fewer injections than the full MTX protocol.
Unfortunately, this treatment cannot help the
minority of T-cell PCNSL-O patients.

In contrast to the clinical data first and pre-
clinical data later we have seen above for intravit-
real melphalan for retinoblastoma and intravitreal
MTX for PCNSL-O, Intravitreal rituximab was
first tested in animal studies. All these studies
tested injection of 1 mg/0.1 mL rituximab. Kim

and associates [47], investigating the pharmaco-
kinetics of intravitreal injections of rituximab
into rabbit eyes, found a half-life of 4.7 days in
both the aqueous and vitreous. Pulido and col-
leagues [48] found that rituximab penetrated all
retinal layers in rabbit eyes, and Kitzmann and
associates [49] showed no toxicity to the rabbit
eyes. Mineo and colleagues [50] showed eradica-
tion of lymphoma in more than half of the ani-
mals and significant inhibition of tumor
progression in the rest.

Kitzmann and colleagues [49] were the first to
report their experience with intravitreal injec-
tions of rituximab in treating five eyes of three
patients in 2007. They used 3-4 injections of
1 mg/0.1 mL rituximab with a good response, no
toxicity, and no evidence of recurrence after a
short median follow-up of 3.6 months. Ohguro
and associates [51] treated two patients who had
PCNSL-O relapse after intravitreal MTX by four
weekly injections of 1 mg/0.1 mL rituximab with
complete remission and no recurrence after
2 months.

Hashida and associates [52] reported their
experience in treating 20 eyes of 13 patients who
had discontinued previous intravitreal MTX
treatment because of severe corneal epitheliopa-
thy. They used four weekly injections of 1 mg/
mL rituximab as a one-course protocol, and addi-
tional injections were administered when
PCNSL-O recurred in 11 of the eyes. All patients
completed 1-year follow-up. Twelve eyes showed
transient intraocular pressure elevation. No other
significant side effects developed.

In 2014 Larkin and associates [53] presented
what is still the largest series of intravitreal
rituximab-based  treatments  for  treating
PCNSL-O, including 48 eyes of 34 patients in
clinics in five countries. The eyes were treated
with a median of 3.5 injections; the most com-
mon interval was monthly. About two-thirds of
the eyes were also injected with MTX, usually on
the same day with rituximab. Others were treated
with more extensive cytotoxic therapies.
Complete remission was achieved in 65% of the
eyes, and 23% showed partial remission. Among
eyes that were treated only by intraocular chemo-
therapy, 53% experienced complete remission
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and 11 partial remissions. However, after a
median follow-up of 18 months, PCNSL-O
recurred in 23% of the eyes. The main complica-
tion in this series was cataract in 19% of eyes.

The use of intravitreal rituximab for PCNSL-O
was also reported in other small series and case
reports. It was used mainly as a secondary treat-
ment [54-56] or in combination with other drugs,
mainly MTX [21, 44—46]. Unpublished reports
from some centers which were discussed in inter-
national meetings indicate that fewer than
6 monthly injections are insufficient to prevent
local recurrences, and we urge those with experi-
ence to publish their results. There is still no sig-
nificant series of eyes with PCNSL-O treated by
rituximab alone as primary treatment. Such a
study should be considered.

Other Drugs for Intravitreal
Chemotherapy

The experience with using drugs other than MTX
and rituximab for the treatment of PCNSL-O is
very limited.

Intravitreal injections of melphalan have
been often used in recent years for treating reti-
noblastoma. Melphalan is a phenylalanine deriv-
ative of nitrogen mustard and an alkylating agent.
Shields and associates [57] reported in 2017 their
experience in treating three eyes of two patients
with PCNSL-O by intravitreal injections of
10 pg/0.1 mL melphalan. One of the patients
with bilateral PCNSL-O showed clinical remis-
sion within 3 weeks after a single injection.
Recurrence in one of the eyes was treated by
additional six bimonthly injections with a good
response and no recurrence after 19 months of
follow-up. The other patient with bilateral
PCNSL-O was treated by intravitreal melphalan
in one eye and MTX in the other eye. The
PCNSL-O in the eye treated with melphalan was
cured by one injection. No toxicity was observed.
This group expanded their use of melphalan and
reported on 12 more patients with encouraging
results [20]. Damato and associates [58] reported
their good experience with intravitreal melphalan
in treating a single patient with PCNSL-O.

Thiotepa is an organophosphorus alkylating
agent, which results in crosslinking of the double-
stranded DNA helix and interferes with DNA
replication. Ericson and associates reported their
results of using intravitreal thiotepa injections for
treating intraocular retinoblastoma in 1961 [25]
and tested it in rabbits’ eyes in 1964 [24], finding
no significant toxicity. de Smet and associates
[31, 32] combined thiotepa (2 mg/0.1 mL) with
MTX injections in treating a patient with
PCNSL-O. However, the thiotepa injection was
associated with elevated intraocular pressure and
loss of vision. In light of the good results with
intravitreal MTX alone, thiotepa is no longer
being used.

Corticosteroids have lymphocytotoxic effect;
however, the response is usually partial with a
high local recurrence rate once the steroids are
discontinued. Thus, corticosteroids are not used
as a single agent for treating lymphoma. de Smet
used a combination of MTX and dexamethasone
in treating one patient with PCNSL-O resulting
in complete remission. Castellino and associates
reported the use of intravitreal corticosteroids
injections with other systemic and intravitreal
drugs [21]. However, intravitreal injections of
corticosteroids did not become part of the stan-
dard practice in treating PCNSL-O.

Investigational Drugs for Intravitreal
Injections

During the recent two decades, researchers
reported their experience using various experi-
mental drugs for intravitreal or intracameral injec-
tions in animal models of PCNSL-O. However,
none of them has matured for clinical use.

Gregory and associates [59] studied the use of
membrane FasL vesicles, the membrane-only
form of Fas ligand, to activate innate immunity
and terminate the eye’s immune privilege. By a
single injection of membrane FasL vesicles into
the anterior chamber of mice, they eliminated the
lymphoma cells that were previously injected
into this site.

Li and associates [60] used recombinant
immunotoxin HA22 targeting human B-cell lym-
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phoma via their expression of CD22 in a mouse
model of intraocular lymphoma. A single intra-
vitreal injection of immunotoxin HA22 resulted
in complete regression of the lymphoma, demon-
strating B-cell-specific immunotoxin therapy.

Ublituximab is a glycoengineered anti-human-
CD20 monoclonal antibody (similar to ritux-
imab) developed to treat multiple sclerosis. In
2013 Ben-Abdelwahed and associates [61]
reported their results in treating the murine model
of PCNSL-O by a single intravitreal injection of
ublituximab with marked effect against the lym-
phoma B-cells expressing CD20.

Some other monoclonal antibodies such as
daclizumab, efalizumab, and alemtuzumab
showed positive results in animal models and
have the potential to be a useful adjuvant therapy
for intraocular lymphoma [62]. However, as with
previous experimental drugs, no further reports
are available on their use in treating PCNSL-O.

Summary

Since intraocular lymphoma was first recognized
about 70 years ago, its treatment has gradually
evolved. Enucleation was often performed in the
early years when the disease was diagnosed late.
When PCNSL-O was more frequently diagnosed,
and its common association with PCNSL-CNS
was recognized, other methods of treatments
have been used, including radiation therapy, sys-
temic chemotherapy using various drugs, or in a
combination of the two. The limited penetration
of drugs administered systemically into the eye
and their systemic toxicity, and the local side
effects of radiation to the eye, paved the way for
direct intravitreal chemotherapy to become the
popular method of treating PCNSL-O in the last
two decades.

Intravitreal injections of MTX as monother-
apy were found to be very effective in inducing
intraocular tumor remission with acceptable side
effects and a rare occurrence of relapse when the
entire 16 injections of the induction and consoli-
dation phases are administered. Additional sys-
temic chemotherapy probably neither adds to the
cure rate of the PCNSL-O nor does it prevent

PCNSL-CNS and should be used only when CNS
lymphoma is associated with the PCNSL-O.

In recent years the use of intravitreal injec-
tions of rituximab has been carried out in several
centers, with or without combining MTX, with
encouraging results and no significant adverse
effects. However, its use varies markedly among
experts and the results are still inferior to
MTX. Intravitreal injection of melphalan was
also proved to be an effective drug, but at this
time has been employed only in one ocular oncol-
ogy center on a dozen patients.

Because of the rarity of PCNSL-O, interna-
tional collaboration is needed for defining the
role of intravitreal chemotherapy in eradicating
this disease. The present drugs used clinically
are effective, and probably a consensus on pro-
tocols for using them is needed. It seems that in
the future, the treatment of PCNSL-O will con-
tinue to evolve, new drugs will be introduced,
and new methods of intraocular delivery will be
developed.
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Ocular and Adnexal Lymphoma:
Radiation Indications

and Techniques

David Buchberger and Sheen Cherian

Introduction

Orbital lymphomas are uncommon, accounting
for less than 1% of all lymphomas with an age
adjusted overall incidence rate of 3.39 per mil-
lion person-years [1, 2]. For the purpose of this
chapter, ocular lymphoma can be classified into
adnexal lymphoma (AL) and primary intraocular
lymphoma (PIOL) [3]. The most common sites
for AL are the bulbar conjunctiva, lacrimal gland,
eyelid, and extraocular muscles [4]. PIOL mainly
involves the uvea (choroid) or retina/vitreous.
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Radiation Approach

Radiation dose and delivery techniques depend on
the lymphoma location and specific histology. The
orbit can be divided into three-thirds (anterior,
mid, and posterior orbit) along its anteroposterior
axis (Fig. 9.1) [5]. The anterior orbital lymphomas
arise in the conjunctiva, eyelids, and nasolacrimal
duct, while the mid orbital lymphomas arise in the
extraconal space, intraconal space, extraocular
muscles, lacrimal gland, and globe (uvea and ret-
ina/vitreous). The posterior orbital lymphomas are
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Fig. 9.1 Radiologic
perspective: anatomy of
the orbit
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very rare, involving the orbital apex and the optic
nerve. The critical structures for avoidance are cor-
nea, lens, macula/fovea centralis, lacrimal gland,
and optic nerve. Traditionally electron beam radia-
tion therapy has been used for anterior orbital
tumors and photon beam radiation therapy for mid
and posterior orbital tumors.

Anterior Orbital Lymphoma

These tumors are typically anterior to the
orbital septum and commonly involve the con-
junctiva, nasolacrimal duct, and eyelids. They
are mainly low-grade non-Hodgkin lymphoma
(extranodal marginal zone lymphomas and fol-
licular lymphoma).

Conjunctival and Nasolacrimal Duct
Lymphoma

Best treated with an en-face electron field or pho-
tons using volumetric arc therapy (VMAT), as it
allows sparing of the retina (macula) and optic
nerve (Fig. 9.2a, b). Patients undergo contrast

Extraorbital tissues (brain, nose,
sinuses, skin)

Extraconal
space

Extraocular
muscles

Intraconal
space

Subperiosteal
space

enhanced thin slice CT simulation, supine, eyes
closed with a 3-point orfit mask for immobiliza-
tion. Hard bolus is used on the orfit shell to pull
away higher iso-dose lines (IDL) from the retina
and optic nerve, and in the case of VMAT, its pri-
mary role is for dose buildup (prevent under-
dosing of conjunctiva/eyelid).

The clinical target volume (CTV) includes the
entirety of the conjunctival sac (palpebral, forni-
ceal, and bulbar conjunctival) together with gross
tumor volume (GTV) or entire nasolacrimal duct
together with GTV. A 2.5-3 mm isometric margin
is added to CTYV, creating the planning target vol-
ume (PTV). Recommended dose for low-grade
NHL is 24 Gy/12 fx and 30 Gy/15 fx (consolida-
tionradiation) for high-grade NHL. Approximately
15% of conjunctival lymphomas are bilateral at
presentation; they are best treated with 3D confor-
mal opposed lateral fields [3]. This allows better
dose homogeneity without the need to match
fields (Fig. 9.2¢c). Lens or cornea sparing is not
advisable as this could lead to conjunctival under-
dosing and dose inhomogeneity. The risk of irre-
versible corneal damage is <5% at these doses,
while cataracts from radiation are easily treated
with cataract surgery.
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Fig. 9.2 Electron field treatment plan (a). VMAT radiation treatment plan (b). Opposed lateral photon beams used to
treat bilateral conjunctival indolent lymphoma (c)

Eyelid Lymphoma

These are best treated with en-face electron beam
and an eye shield. Clinical examination and high
resolution axial imaging should confirm no dis-
ease extension beyond the orbital septum or
involvement of bulbar conjunctiva. At simulation
eyebrows are wired for sparing. Local anesthetic
is instilled into the eye followed by placement of
a soft contact lens to protect the cornea from
abrasive effects of the eye shield. An appropri-
ately sized eye shield is then placed on the eye
and the eyelids are pulled over it and taped shut
(Fig. 9.3a). A 3-point orfit mask is now utilized

for immobilization. Next, a thin slice CT simula-
tion is carried out. Automatic metal artifact
reduction algorithms are utilized in the software
setting to improve image quality. Hard bolus is
used over the orfit mask during daily treatments,
for dose homogeneity and buildup.

The GTV with an isometric margin of 3—5 mm
restricted to the anterior aspect of the eye shield
comprises the CTV, a further margin of 2.5-3 mm
would create the PTV. In certain clinical situa-
tions when the GTV is not easily defined, the
entire eyelid comprises the CTV (Fig. 9.3b, c).
Final anterior posterior dimension of the PTV
decides the energy of the electron beam.
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Fig. 9.3 Planning CT with eye shield in situ (a), showing CTV and PTV (b). Electron Beam plan with higher IDL
sparing the cornea, lens, and retina (c¢)

Mid and Posterior Orbital
Lymphoma

Mid and posterior orbital lymphomas are all
treated with photons using VMAT radiation
delivery techniques to spare the anterior elements
of the orbit like the cornea, lens, and eyelids.
These lymphomas have a predilection for the
extraconal space, intraconal space, extraocular
muscles, lacrimal gland, and globe (uveal tract
and vitreous). Commonly seen tumors are diffuse
large B-cell tumors and low-grade NHL of the
lacrimal gland or extraocular muscles. They can
also occasionally present as PIOL affecting either
the retina/vitreous or uvea with no measurable
disease activity elsewhere (CNS, CSF, or bone
marrow).

In early stage, low-grade extranodal NHL, a
definitive radiation dose of 24 Gy/12 fx is cura-
tive. In early stage, high-grade extranodal NHL, a
course of systemic immuno-chemotherapy fol-
lowed by consolidation radiation 30 Gy/15 fx is

standard of care. In both instances of mid or pos-
terior orbit lymphomas, the International
Lymphoma Radiation Oncology Group (ILROG)
recommends whole orbital radiation therapy as
opposed to partial orbital radiation therapy, due
to the higher incidence of local failure [3].

The process of radiation simulation is the
same for AL affecting the mid or posterior orbit
and PCNSL-O affecting the globe. Patients are
scanned supine with IV contrast and a 3-point
orfit mask for immobilization. In the case of
PCNSL-O, 1 mm thickness, CT slices are recom-
mended. Diagnostic image fusion to the planning
CT scan might be needed for GTV delineation.
For PCNSL-O affecting the retina/vitreous or
uvea, the CTV includes the entire globe from cili-
ary body to the optic nerve up to the orbital apex.
A 3-5 mm expansion on this CTV creates the
PTV for treatment (Fig. 9.4a). In the case of AL
the whole orbit becomes the CTV and a 3 mm
isometric margin on the CTV creates the PTV
(Fig. 9.4b—d).
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Fig. 9.4 Cornea and lens sparing VMAT for PCNSL-O (a); mid orbital AL (b), treated with lens sparing VMAT; lac-
rimal gland NHL treated with whole orbital RT (c); posterior orbital AL (d)

Indications, Efficacy,
and Complications

Appropriate patient selection for external beam
radiation therapy is pivotal. Prospective patients
should be seen in a joint clinic with the ophthal-
mologist. Whenever possible staging investiga-
tions should precede tissue diagnosis, as this will
avoid risks associated with orbital biopsies, as
there could be an easily accessible extraocular
site. Commonly used imaging modalities for AL
are orbital MRI and PET/CT scan, while
PCNSL-O is imaged using fundus photography,

angiography (FA and ICG), autofluorescence,
OCT, and ultrasonography (A-scan and B-scan)
[6, 7]. Lymphoma blood work (CBC, BMP, LFT,
ESR, and P2 microglobulin), bone marrow
biopsy, CSF studies, and MRI brain are indicated
for PCNSL-O.

Adnexal Lymphoma

Low-grade NHL (extranodal marginal zone and
follicular lymphoma) are the commonest adnexal
lymphoma seen in clinical practice. The ILROG
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recommends treating all stage IE ALs with exter-
nal beam radiation therapy due to high-local
control rates with low acute and late toxicity [3,
8]. Irrespective of location within the orbit, AL
has an excellent prognosis, with local control and
disease specific survival rates of 95% at around
5 years [9, 10]. Orbital radiation is well tolerated,
requiring no treatment breaks. Transient acute
side effects commonly seen are conjunctivitis,
periorbital erythema, edema, excessive tearing,
and mild pain. These symptoms almost com-
pletely resolve 4 weeks after radiation therapy.
The major vision impacting long-term side
effects with the exception of cataracts occur in
less than 5% cases and they are radiation retinop-
athy, optic neuropathy, corneal erosion, dry eyes,
and retinal hemorrhage [9, 10]. By using modern
radiation techniques like VMAT, precise immobi-
lization devices, eye shields, and daily image
guidance, long-term toxicity can be kept to a bare
minimum.

Primary Intraocular Lymphoma

High-grade NHL such as diffuse large B-cell
lymphoma (DLBCL) 1is the commonest
PCNSL-O encountered in clinical practice.
Vitreo-retinal lymphoma is preferentially labeled
as PCNSL-O to emphasize that it is an ocular
variant or subset of primary CNS lymphoma
(PCNSL). Those with concurrent CNS and ocu-
lar disease may be labeled as (PCNSL-CNS/O)
in contrast to patients with CNS only involve-
ment (PCNSL-CNS) at presentation. Diagnosis
of PCNSL-O is made from vitrectomy, vitreous
biopsy (vitreo/retinal lymphoma), or fine needle
aspirate of choroid/uvea (uveal lymphoma) [11,
12]. Currently there is no standard of care guide-
line for treating PCNSL-O (vitreo/retinal lym-
phoma). Intravitreal methotrexate or ocular
radiation therapy are acceptable options [13, 14].
Radiation alone results in approximately 60%
local control and 94% overall survival rates at
2 years [12, 15]. However, response rates are
more favorable for choroidal/uveal lymphoma

[16]. Acute toxicities encountered commonly are
tearing, conjunctivitis, dry eyes, orbital erythema,
edema, loss of eyelashes, and mild orbital pain.
Major vision impacting long-term side effects
with the exception of cataracts occur in less than
5% cases and they are radiation retinopathy, optic
neuropathy, dry eyes, retinal detachment, and
retinal hemorrhage.

Conclusions

Modern radiation delivery techniques have vastly
increased the precision and safety of orbital and
globe radiation. This has resulted in significant
reduction of radiation toxicity without compro-
mising efficacy. Radiation continues to be a very
efficient treatment modality for ocular and
adnexal lymphomas.
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Introduction

Ocular adnexal lymphoma (OAL) is heteroge-
neous group of lymphomas, the majority of
which are low-grade, indolent, B-cell, non-
Hodgkin lymphomas (NHLs) [1]. OAL affects
structures including the eyelids, conjunctiva, lac-
rimal apparatus, extraocular muscles, and some-
times the orbit. Disease may be limited to a
single, localized tumor, or it may be multifocal.
Overlap with ocular adnexal sites is common
(10-20% of cases), and co-existing uveal involve-
ment has been observed [2—-6]. Moreover, OAL
can affect regional, central, and peripheral lymph
nodes as well as other distant extranodal sites.
The 10-year, disease-specific mortality is approx-
imately 5-10% [7]. Many of the advances in
understanding OAL were initially demonstrated
in systemic lymphoma (Box 10.1).
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Box 10.1 Important Aspects of Ocular

Adnexal Lymphoma (OAL)

* OAL consists primarily of five types of
lymphoma, the most common of which
is extranodal marginal zone type.

e The diagnosis depends on pathology,
immunophenotypic ~ analysis,  and
molecular genetics studies.

e Treatment of localized disease typically
involves radiation therapy which results
in excellent long-term local control.

e Systemic therapy with traditional che-
motherapy or rituximab is reserved for
aggressive histologic subtypes or those
with systemic involvement.

Epidemiological Aspects

OAL is a rare disease, likely representing as
many as 8% of all extranodal NHLs [1]. Its inci-
dence is approximately 0.2 per 100,000 [8].
There is similar male and female predilection
(60% of cases in most series) [9]. It affects most
ethnic groups although there is significant geo-
graphic variation among systemic lymphoma,
with the white population in the USA showing
the highest incidence. The overall incidence of
systemic OAL increases in a pattern which mir-
rors NHL [10].
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Among ophthalmic tumors, OAL comprises
6—8% of orbital and 10-15% of adnexal lesions
[11-14]. Localized, ocular-only disease is pres-
ent at diagnosis in 60-80% of cases, while the
remainder have systemic involvement at the time
of ophthalmic presentation [15, 16]. Bilateral dis-
ease is observed in 10-15% of individuals with
ocular-only lymphoma [17]. Among affected
ocular sites, the frequencies of involvement are
conjunctiva  20-33%, orbit/lacrimal  gland
46-74%, and eyelid 5-20% [7, 18]. Distinction
between these sites can be difficult and combined
involvement may be underreported [19, 20].

Many cases previously diagnosed as benign
reactive lymphoid hyperplasia (BRLH) are now
considered malignant lymphoma using current
diagnostic techniques [21]. Retrospective studies
of patients diagnosed with BRLH have revealed
that up to 80% are now classified as malignant
lymphoma [21]. At present, BRLH represents a
minority of cases and is a diagnosis of exclusion.

Etiology and Pathogenesis: B-Cell
Biology and Lymphomagenesis

The largest advances in understanding lymphoma
pathogenesis and etiology as well as classifica-
tion derive from the refined immunophenotypic
[characterization of lymphocyte surface recep-
tors, usually members of the clusters of differen-
tiation (CD)] combined with concurrent advances
in the understanding of molecular genetics of
lymphocyte biology. This has resulted in a mech-
anistic hypothesis for lymphomagenesis which
connects specific lymphoma types to different
precursor cells and genetic events. Lymphoma
classification, diagnosis, and pathogenesis are
closely intertwined with their immunopathology
and molecular biology.

The relationship between stages of lympho-
cyte development and their associated lymphoma
diagnosis is based on distinct immunopheno-
types. Tumors arise from germinal center cells
(follicular lymphoma), cells of the mantle zone

(mantle cell lymphoma), or memory B-cells
(extranodal marginal zone lymphoma) all of
which have undergone antigen exposure. From a
molecular genetic standpoint, during normal
lymphocyte maturation, somatic mutation may
occur in which an antigen receptor gene region is
juxtaposed to an oncogene region resulting in
deregulation of the oncogenic region. Less often,
a novel oncogenic protein is formed by fusion of
two other genes. Chromosomal translocations
underlying these alterations are well described in
up to 90% of systemic lymphoma [22, 23].
Limited data suggests that these translocations
are less common in OAL [24, 25].

The theory that lymphoma develops due to
errors occurring during normal lymphocyte
response to infection or inflammation is referred
to as the infection/inflammation/mutation (IMM)
model of lymphomagenesis. This has been cor-
roborated in two ways. One is the recognized
association of lymphoma with chronic antigen
stimulation and infection, immune suppression,
and autoimmune disease [26]. The prototypic
example of the IMM model is gastric extranodal
marginal zone lymphoma in which the endoge-
nous mucosal-associated lymphoid tissue
(MALT) develops lymphoma in response to
chronic H. pylori infection. With the recent under-
standing that most OALSs are also extranodal mar-
ginal zone lymphoma/MALT lymphomas, studies
have shown evidence of DNA from infectious
agents including C. psittaci and H. pylori in OAL
[27, 28]. Infection as an underlying etiology for
OAL shows variation among geographic regions
and also within different series in the same geo-
graphic location [27, 29, 30]. Treatment implica-
tions of this are discussed below.

In addition to its therapeutic implications, per-
haps the most important consequence of the IMM
model is that it explains why the ocular adnexa,
which has little if any endogenous lymphoid tis-
sue, has lymphoma as its most common neopla-
sia. Similar mechanisms may occur in RLH. Based
on the relative infrequency of OAL, there may be
other factors required for lymphomagenesis.
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Classification

OAL represents the malignant end of the spec-
trum of ocular adnexal lymphoproliferative disor-
ders. As previously noted, BRLH and reactive
lymphoid hyperplasia (RLH) with atypia repre-
sent a minority of cases and together comprise
benign and intermediate forms of the disease,
respectively [31, 32]. OAL is a localized form of
lymphoma which has been integrated into the
schema of lymphoproliferative diseases described
in two major classification systems: the Revised
European American Lymphoma classification in
1994 [33] and the 2008 World Health Organization
(WHO) Classification of Tumors of Hematopoietic
and Lymphoid Tissue [34].

OAL can be divided by the type and site(s) of
tissue involvement. The vast majority of OAL are
of the non-Hodgkin B-cell type. Despite the

extensive numbers of systemic lymphoma sub-
types, most OAL belong to one of the five sub-
types: extranodal marginal zone (EMZL or
MALT lymphoma), follicular lymphoma (FL),
diffuse large B-cell lymphoma (DLBCL), mantle
cell lymphoma (MCL), or lymphoplasmacytic
lymphoma (LPL) (Table 10.1) [15, 20, 35-42].
The vast majority, approximately 80%, are of the
EMZL type in most series [10].

OAL is termed solitary if it is the only site
involved, secondary when contiguous sites are
involved, and systemic if remote sites are
involved. OAL is solitary in 60-80% of cases
at the time of presentation [15, 35, 37, 42].
The rate of progression to systemic involve-
ment can only be accurately identified using
current criteria since misclassification was
prevalent prior to the use of the WHO
classification.

Table 10.1 Distribution of various types of ocular adnexal lymphoma
Diffuse
Mantle large
EMZL Follicular zone Lymphoplasmacytic B-Cell Plasmacytoma
Author Year Patients (%) (%) (%) (%) (%) (%) T-cell
White 1995 43 Not done
Nakata 1999 44 77 - 4 2 14 - -
Jenkins 2000 192 54 11 2 24 8 <l
McKelvie 2001 70 63 17 3 11 1
Shields 2001 117 Not done
Mannami 2001 43 86 - 2 - 12 -
Bhatia 2001 47 17 53 26
Coupland 2003 230 59 12 3 4 13 4 3
Fung 2003 98 57 18 4 7
Sharara 2003 17 47 12 18 6 18 -
Cho 2003 57 98 2
Sullivan 2005 69 35 22 1 4 7 3 6
Rosado 2006 62 89 - - - <1 - -
Ferry 2007 353 52 23 5 1 8 - <l
Oh 2007 128 75 - 3 1 5 4
Hatef 2007 43 44 21 1 - 21 - <1
Rootman 2011 122 60 12 1 4 4 -
Watkins 2011 57 28 2 5 - 4 4
Zanni 2012 41 63 10 5 5 17 - -
Total 1833 17-98 11-53 1-18 4-24 1-26 1-4 1-6
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Clinical Features
Symptoms

Subjective complaints in OAL are broad and may
include: lacrimal gland, orbital, conjunctival
mass or apparent eyelid mass, exophthalmos,
pain, or diplopia. Many lesions are asymptom-
atic. If the lacrimal gland is involved, dry eye
Symptoms may occur.

Signs

OAL has site specific presentations which affect
how the diagnosis is made. In the conjunctiva,
lesions present typically with salmon or flesh

pink color (Fig. 10.1). Clinical appearance does
not allow distinction of benign from malignant
lymphoproliferative disease. In the orbit, lacri-
mal gland, and eyelid, the lymphoma presents as
a mass, which if palpable, is typically firm.
Mobility is variable depending upon attachment
to other structures. Diplopia may occur upon how
rapidly the mass develops. Exophthalmos and
decreased retropulsion of the globe may be the
only clinical signs. Secondary ptosis may also
occur (Fig. 10.2a). Involvement of the nasolacri-
mal drainage system can occur. Compression or
invasion of the optic nerve can lead to vision loss.
During orbital biopsy, OAL appears as a white to
pink mass reflecting its leukocytic and vascular
characteristics.

Fig. 10.1 Conjunctival lymphoma with typical salmon patch appearance (a). Note total regression following radiation

therapy (24 Gy) (b)
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Fig. 10.2 Proptosis due to lymphoma involving the lacri-
mal gland (a). Coronal MRI scan (T-1 weighted image)
demonstrating right orbital involvement (b). The infiltrat-

Diagnostic Evaluation

Evaluation of OAL involves characterization of
the lesion and staging. Biopsy should be obtained
by open methods to allow sufficient material for
multiple special studies: pathology, lymphocyte
immunophenotypic analysis, and molecular
genetic studies to identify gene rearrangements
indicative of clonality and/or translocations.

Local Imaging Studies

Imaging studies of the orbit play an important
role in OAL but are performed at different times
depending on the presentation. With conjunctival
disease, the lesion is frequently biopsied first and
imaging of the orbit follows to assess orbital
involvement. With orbital and lid disease, the
orbit is usually imaged to optimize the biopsy
process. Contrast enhanced CT and MRI scans of
the orbits will show enhancing lesions which can
be discrete or diffuse (Fig. 10.2b). Lymphoid
lesions typically mold to structures such as the

ing mass is in the existing normal anatomic spaces with-
out distortion

globe or bony orbit. Neuroimaging will reveal
orbital lesions in up to 50% of clinically unsus-
pected cases [19]. Paranasal sinus involvement is
not uncommon.

It is important to emphasize the frequency of
overlap that occurs between OAL and uveal lym-
phoma [2-6]. For this reason, ancillary imaging
studies such as B-scan ultrasonography and
angiography are useful in characterizing the full
extent and laterality of disease. This is particu-
larly important in cases with subtle extrascleral
extension (ESE) or occult involvement of the fel-
low eye. B-scan ultrasonography is a sensitive
modality for detecting ESE. The pattern of ESE
may be crescentic thickening, a discrete mass
(often adjacent to the optic nerve), or diffuse cho-
roidal thickening in cases where uveal lymphoma
overlaps with OAL. Fluorescein (FA) and indo-
cyanine green angiography (ICG) are also useful
in suspected cases of uveal involvement. ICG
demonstrates a characteristic pattern of focal
hypofluorescence corresponding to clinically
observed choroidal infiltrates. These foci may
represent regions of choroidal nonperfusion sec-
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ondary to space-occupying choroidal infiltration
by lymphoma cells. ICG is superior to FA in visu-
alizing the choroidal circulation and is therefore a
particularly useful imaging modality in confirm-
ing the diagnosis and extent of disease burden
[43]. When performed, FA may show early hyper-
fluorescence, hypofluorescent spots correspond-
ing to clinically observed choroidal infiltrates,
choroidal folds, or a normal angiogram.

Staging Procedures

Since OAL can co-exist with lymphoma in other
sites, after OAL is classified, staging is per-
formed. This includes a thorough physical exam-
ination by an experienced medical oncologist.
Invasive staging has been replaced by the use of
high resolution contrast enhanced imaging tech-
niques: whole body PET/CDT or diagnostic CT
of the chest, abdomen and pelvis, and MRI of the
brain. Imaging of the neck is performed if cervi-
cal nodes are palpated or suspected to be enlarged.
Laboratory evaluation includes complete blood

count (CBC), hepatic enzymes, serum lactate
dehydrogenase (LDH). Although part of the for-
mal staging process for lymphoma, bone marrow
aspiration, and biopsy has very low yield in
patients with OAL. In the absence of cytopenias
and radiographic evidence of systemic disease.
While not typically performed by the ophthal-
mologist, understanding the staging process is
important for multidisciplinary management of
OAL. The Ann Arbor staging system has several
deficiencies for characterizing OAL, particularly
as it results in a disproportionate staging distribu-
tion. Two-thirds of primary OAL cases present as
a localized mass, which under the Ann Arbor sys-
tem are classified as stage IE [15, 17, 44-48]
(Table 10.2). Analysis can be challenging because
of the use of different criteria but overall rates for
initial staging are 60-80% for IE, 4-25% for IIE,
and 16-18% for Stage III and IV combined [7,
36, 37]. Studies using criteria of extraorbital dis-
ease showed Stage III and IV rates of 22-36% at
diagnosis [15, 35, 40]. This precludes the ability
to differentiate the majority of OAL cases from
one another based upon disease extent within the

Table 10.2 Staging of NHL by Ann Arbor and tumor-node-metastasis systems

Ann Arbor system

Stage 1 Localized or extranodal disease (Ann Arbor [AA] I or IE)
Stage 11 2 or more nodal sites on same side of diaphragm

Stage II1 2 or more nodal sites on both sides of diaphragm

Stage IV Disseminated extranodal involvement (i.e. bone marrow, etc.)

B =B symptoms (unexplained fevers, drenching night sweats, or unintentional loss of >10% body weight)
E = Extranodal involvement (visceral organ, ocular structures, skeletal lesions, etc.)

Tumor-node-metastasis system®
T Classification
TO No evidence of lymphoma

T1 Conjunctival lymphoma alone

TX Lymphoma extent not specified

T2 Orbital lymphoma with or without conjunctival involvement
T3 Preseptal eyelid lymphoma in addition to conjunctival/orbital disease
T4 Invasion of adjacent structures, such as bone and brain

N Classification

NX Lymph node involvement not assessed

NO No evidence of lymph node involvement

N1 Involvement of ipsilateral regional lymph nodes

N2 Involvement of contralateral or bilateral regional lymph nodes

N3 Involvement of peripheral lymph nodes not draining ocular adnexal region
N4 Involvement of central lymph nodes

M Classification

MX Lymphoma dissemination not assessed

MO No evidence of involvement of additional extranodal sites
M1 Lymphoma involvement of other organs (at diagnosis or subsequently)

2 Modified from the American Joint Committee on Cancer (AJCC) seventh edition TNM-based staging manual for OAL
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ocular adnexal structures which may have impor-
tant prognostic implications [18, 49].

More recently, a tumor-node-metastasis
(TNM) based staging system for primary OAL
has been developed under the guidance of the
American Joint Committee on Cancer (AJCC)
[50, 51]. (Table 10.2). This system addresses
many of the shortcomings of the Ann Arbor sys-
tem and more precisely defines disease extent.
The ultimate goal of the proposed TNM-based
system is to facilitate future studies aimed at
identifying clinical and histopathologic features
of OAL of prognostic significance and to assess
treatment outcomes. To date, the feasibility of
this system has only been analyzed in a limited
capacity [52].

Differential Diagnosis

The clinical and imaging differential diagnosis of
OAL is extensive, due to the paucity of specific
features. It includes inflammatory lesions, benign
lymphoproliferative lesions [32], epithelial
tumors, melanocytic tumors, infectious lesions,
and lacrimal gland lesions of the conjunctiva. In
the orbit and lid, any mass including metastases,
dacryoadenitis, inflammations, and other benign
and malignant tumors must be considered.

Pathologic Features

Pathologic analysis can identify obvious lym-
phomas but cannot reliably differentiate lym-
phoma types (Fig. 10.3). Recent data has shown
that using the current WHO classification, 76%
of lesions previously classified as RLH are now
reclassified as lymphomas. This is due to the
recognition that a small number of malignant
lymphocytes, whose presence is indicative
of lymphoma, can be overshadowed by sur-
rounding normal or reactive lymphoid cells.
Immunohistochemistry can be carried out quali-
tatively on tissue sections or quantitatively on
dispersed cells (flow cytometry). The use of
intact tissue allows localization of marker
expression, which can be critical in making the

Fig. 10.3 Photomicrograph of monomorphic lympho-
cytes typical of EMZL type ocular adnexal lymphoma.
(H&E, Original magnification x 100. Reproduced with
permission from: Aronow ME, Hill BT, Singh AD. Orbital
and adnexal lymphoma. Pe’er J, Singh AD (Editors)
Clinical Ophthalmic Oncology. Volume 4, Chapter 15,
Springer, Heidelberg (2019))

correct diagnosis. For example, overexpression
of cytoplasmic Bcl-2 is not seen in normal fol-
licular structures and is consistent with follicular
lymphoma [32]. Immunohistochemistry, how-
ever, may not detect such critically important
cells when sampling effect limits their presence.
Flow cytometry, in contrast, does not give ana-
tomic information but can accurately assign the
immunophenotype of involved cells with very
small amounts of specimen.

Molecular genetic analysis of OAL is impor-
tant in two ways. Identification of overexpressed
heavy chain gene rearrangements is indicative of
clonality and typically represents malignancy.
Tumor cells can be analyzed for translocations
which may be indicative of a specific lymphoma
type. Translocation of the MALT gene with API2
[t(11;18)(g21;g21)] is of specific interest since its
presence is generally associated with more
aggressive disease [53]. The expansion of the
tools for lymphocyte characterization has para-
doxically increased the chances for contradictory
or incomplete characterizations using the new
criteria. In such situations, the wisdom of an
experienced hematopathologist is critical, though
some lesions will remain unclassifiable.
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Rare Variants

There are several rare variants and simulating
conditions of OAL such as Langerhans cell his-
tiocytosis (LCH), Rosai-Dorfman disease, T-cell
lymphoma, T-cell/natural killer (NK)-cell lym-
phoma (lethal midline granuloma), and Burkitt
lymphoma that we have included in this review.

Langerhans Cell Histiocytosis

LCH is characterized by a proliferation of
Langerhans cells and inflammatory cells that gen-
erally affects children and young adults. The dis-
ease may be localized or it may affect multiple
systems including the skin, bone, lungs, and lym-
phatics. Ophthalmic disease is observed in 10-23%
of cases and most often manifests as a solitary
lesion within the orbit; however, intraocular
involvement in the form of an atrophic retinocho-
roidopathy has been reported [54—56]. Confirmation
of diagnosis is made by biopsy, which demon-
strates numerous histiocytes, giant cell formation,
and eosinophilic granulocytes. Transmission elec-
tron microscopy (TEM) reveals characteristic
intracytoplasmic Birbeck granules [55].

Rosai-Dorfman Syndrome

Also labeled as sinus histiocytosis with massive
lymphadenopathy is a benign form of idiopathic
histiocytosis that typically affects children and
young adults. The majority of individuals
(approximately 80%) develop painless cervical
lymphadenopathy [57]. Extranodal involvement
may affect multiple systems including the respi-
ratory tract, skin, bones, visceral organs, and the
central nervous system. The disease has multiple
ophthalmic manifestations including lesions
within the orbit, eyelid, and lacrimal apparatus.
Compressive optic neuropathy, uveitic glaucoma,
serous retinal detachment, and marginal corneal
infiltrates have been reported [58]. Ocular
adnexal involvement occurs in approximately
10% of patients with extranodal disease [59].

T-Cell Lymphoma

In rare cases, OAL can be of T-cell origin. In a
review of 353 individuals with OAL, only a sin-
gle case (0.3%) was of T-cell lineage [17]. As
with B-cell neoplasms, a heterogeneous group of
T-cell lymphomas can involve the ocular adnexal
structures. Most T-cell lymphomas affecting the
ocular adnexal structures are aggressive and carry
a poor prognosis.

Most non-B-cell lymphomas are an extension
of the malignant stage of mycosis fungoides or a
secondary manifestation of systemic T-cell lym-
phoma. In a series of seven individuals with OAL
of T-cell origin, three cases were peripheral T-cell
lymphomas (PTCL) demonstrating positivity for
CD3, CDS, and PF1 and negativity for CD56. Two
cases were positive for CD3 and CD30 while nega-
tive for CD56 and were classified as anaplastic
large-cell lymphomas of T-cell type (T-ALCL)
[60]. The remaining two cases were positive for
CD3 and CD56 and negative for fF1. These two
cases were positive for Epstein-Barr virus (EBV)
by in situ hybridization, consistent with T-cell/nat-
ural killer (NK)-cell lymphoma of nasal type (also
referred to as lethal midline granuloma) [60, 61].

Burkitt Lymphoma

Burkitt lymphoma is a rare entity associated
with translocation between chromosomes 8
and 14 affecting c-myc [62]. Three forms, all
of which may affect the orbit, have been
described. The African type frequently involves
the orbits and maxillary bones and is associ-
ated with the presence of antibodies against
Epstein-Barr virus (EBV) antigens [62]. The
non-African type usually affects lymph nodes,
bone marrow, and viscera. The third form
affects immunocompromised individuals and
is associated with acquired immunodeficiency
syndrome (AIDS) [63—-65]. Recent review of
16 immunocompetent individuals with spo-
radic orbital Burkitt lymphoma revealed a
median age at diagnosis of 12 years [66].
Presenting symptoms included proptosis, oph-
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thalmoplegia, and eyelid edema. Fourteen
(88%) in this series had systemic involvement
[66]. Biopsy of orbital lesions reveals a charac-
teristic “starry-sky” appearance associated
with Burkitt lymphoma [65]. Prognosis is
guarded for this extremely aggressive lym-
phoma as significant mortality (54%) is
observed within 1 year of presentation [66].

Treatment

The treatment of OAL is an area of controversy,
progress, and change. Currently OAL treatment
depends on whether the disease is localized or
systemic. Local disease can be very effectively
treated with radiation alone. Systemic disease is
frequently treated in a manner similar to other
indolent lymphomas, typically using rituximab
alone or in combination with cytotoxic chemo-
therapy. With the recognition that the vast major-
ity of OALs are of the EMZL/MALT type and
that there may be an infectious basis for this sub-
group of OAL, there is possibility of deferring
cytotoxic modalities. A second controversy is
whether to treat indolent OAL. A survey of treat-
ment modalities follows.

Surgery

Surgery has been reported to be successful in
managing certain cases of highly localized OAL
and has been recommended for Stage I MALT
systemic lymphoma in some sites. Its applicabil-
ity remains dubious for most OAL due to the dif-
fuse nature and frequent juxtaposition of OAL to
sensitive ocular tissues. Surgery should therefore
be reserved for localized, isolated lesions of the
conjunctiva [7, 19].

Cryotherapy

Cryotherapeutic ablation of OAL has limited use
in the management of OAL. It has resulted in

variable success due to debulking the tumor with-
out complete elimination of malignant tissue. It
may have application in a limited number of
patients with conjunctival OAL who are unable
to receive other treatment modalities [20].

Radiation

Historically, external beam radiation (EBRT) has
been the most frequently used modality for treat-
ment of OAL. Analysis of this modality is con-
founded by small patient numbers in most series,
the use of early and inaccurate classification
schemes, short follow-up times, and apparent
lack of ophthalmic follow-up. Complications
were detected at a rate of up to 50% higher when
close ophthalmic follow-up was performed.

Both electron and photon irradiation have
been successfully employed in OAL. Dosage is
based on the tumor grade or type [15, 35, 38].
Typical doses are 28-36 Gy for low-grade
OAL and 30-40 Gy for high grade OAL. The
role of lens shielding to decrease cataract for-
mation is controversial with some studies
showing no effect on local recurrence and oth-
ers showing recurrences occurring in patients
who underwent lens-sparing radiation treat-
ment protocols [67, 68].

Analysis of radiation dose—response relation-
ship of EMZL revealed that 5-year local tumor
control rates of EMZL were 81% with doses
below 30 Gy but 100% with doses higher than
30 Gy [69]. Variable sensitivity to radiotherapy
based upon lymphoma subtype was observed as
follicular lymphoma showed a 100% response
rate to both high and low doses. While radiation
studies frequently emphasize the ability to obtain
local control, population-based observational
data suggests that radiation may confer a survival
benefit [70]. Even Stage IV-EA disease showed
good local control, though survival was signifi-
cantly lower. Multiple studies revealing higher
rates of delayed systemic recurrence suggest that
longer follow-up is necessary for accurate assess-
ment of treatment effect [15].
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Chemotherapy

Since OAL frequently presents as localized dis-
ease (stage IE), chemotherapy is rarely used, with
the exception of aggressive DLBCL [71]. The
review of chemotherapy used in lymphoma is
beyond the scope of this chapter. Standard che-
motherapy for OAL when it is part of more
advanced disease is that of standard systemic
lymphoma regimens using single agent rituximab
alone or in combination with cyclophosphamide,
doxorubicin, vincristine, and prednisone
(CHOP), the alkylating agent chlorambucil and
more recently, bendamustine which has dual
properties of an alkylating agent and a purine
analogue. While some have used systemic corti-
costeroids for tumor suppression of OAL, ste-
roids offer ineffective long-term control.

Immunotherapy

Interferon

Interferon (IFN-alpha) has been used rarely for
OAL despite its long standing use in systemic
lymphoma. One report of five cases showed 80%
initial complete response with short term follow-
up [72]. One patient with Stage ITA disease died
of systemic lymphoma at 1 year. More data
regarding local and systemic efficacy are needed
prior to acceptance of this modality.

Rituximab

Anti-lymphocyte antibodies are a recent form of
lymphoma treatment. The most commonly used
has been an antibody to CD20, rituximab, which
leads to destruction of B-cells using mechanisms
of complement and antibody mediated destruc-
tion as well as induction of apoptosis. These anti-
bodies are effective when used alone but also
significantly increase the remission rates when
used in combination with chemotherapy [73].

Antimicrobial Treatment

A recent development in OAL management is
based on the IMM model of lymphomagenesis.

There is increasing evidence of the role of chronic
infection in OAL. Both C. psittaci and H. pylori
have been implicated [27, 28]. Follow-up data
from C. psittaci detection studies have suggested
a therapeutic effect following antibiotic therapy
with doxycycline, presumably by eradication of
the infection which underlies lymphomagenesis.
Other studies have shown an effect in small num-
bers of patients using anti-H. pylori triple therapy
[74]. Overall, antibiotic treatment regimens have
shown variable results by study group and geo-
graphic location [30, 75]. Larger studies are
needed to clarify the role of antibiotics in treat-
ment of OAL.

Prognosis

Prognosis of OAL is evaluated in three ways:
local control, systemic involvement, and death
from lymphoma. Excellent local control has
been reported using external beam radiation.
Among OAL, EMZL has a quantitatively better
prognosis than other tumor types with regard to
spread of tumor and lymphoma related death,
though the risk ratio was similar among the
milder forms EMZL, LPCL, and FCL. The mor-
tality ranges were: EMZL 0-20%, DLBCL
25-75%, FL 20-37%, MCL 38-100%, LPL
14-100% [7, 15, 35, 36].

Extraorbital spread can occur in over 45% of
EMZL patients with mean follow-up of
63 months, suggesting that longer follow-up is
needed [15]. Patients with indolent disease may
survive decades without treatment.

Future Research

Future research will be focused on the mecha-
nisms of lymphomagenesis to determine whether
prelymphomatous conditions can be detected and
treated with less toxic methods. One key question
is whether the role of infectious agents will be as
important as in gastric lymphoma where it has
revolutionized care. Understanding lymphoma-
genesis may also allow for more targeted thera-
peutic agents.



10 Ocular Adnexal Lymphoma: Systemic Therapy and Clinical Trials

89

References

10.

11.

. Freeman C, Berg JW, Cutler SJ. Occurrence and

prognosis  of extranodal Cancer.

1972;29(1):252-60.

lymphomas.

. Fuller ML, Sweetenham J, Schoenfield L, Singh

AD. Uveal lymphoma: a variant of ocular adnexal
lymphoma. Leuk Lymphoma. 2008;49(12):2393-7.

. Grossniklaus HE, Martin DF, Avery R, et al.

Uveal lymphoid infiltration. Report of four cases
and clinicopathologic  review. Ophthalmology.
1998;105(7):1265-73.

. Baryla J, Allen LH, Kwan K, Ong M, Sheidow

T. Choroidal lymphoma with orbital and optic
nerve extension: case and review of literature. Can J
Ophthalmol. 2012;47(1):79-81.

. Sarraf D, Jain A, Dubovy S, Kreiger A, Fong D,

Paschal J. Mucosa-associated lymphoid tissue
lymphoma with intraocular involvement. Retina.
2005;25(1):94-8.

. Tagami M, Nagai T, Sekimukai D, Hara R, Azumi

A. Uveal extranodal marginal zone B-cell lymphoma
of the mucosa-associated lymphoid tissue type with
concomitant extraocular lesions in a Japanese man.
Jpn J Ophthalmol. 2011;55(5):585-7.

. Coupland SE, Hellmich M, Auw-Haedrich C, Lee

WR, Stein H. Prognostic value of cell-cycle mark-
ers in ocular adnexal lymphoma: an assessment
of 230 cases. Graefes Arch Clin Exp Ophthalmol.
2004;242(2):130-45.

. Cohen VM, Sweetenham J, Singh AD. Ocular adnexal

lymphoma. What is the evidence for an infectious
aetiology? Br J Ophthalmol. 2008;92(4):446-8.

. Moslehi R, Coles FB, Schymura MJ. Descriptive

epidemiology of ophthalmic and ocular adnexal
non-Hodgkin’s lymphoma. Expert Rev Ophthalmol.
2011;6(2):175-80.

Holm F, Mikkelsen LH, Kamper P, et al. Ocular
adnexal lymphoma in Denmark: a nationwide study
of 387 cases from 1980 to 2017. Br J Ophthalmol.
2021;105(7):914-20.

Shields JA, Bakewell B, Augsburger JJ, Flanagan
JC. Classification and incidence of space-occupying
lesions of the orbit. A survey of 645 biopsies. Arch
Ophthalmol. 1984;102(11):1606—11.

. Char DH. Orbital lymphoid lesions. Clinical Ocular

Oncology. Philadelphia, PA: Lippincott-Raven; 1997.
p. 349-64.

. Henderson JW. The individual tumors orbital tumors.

New York, NY: Raven Press; 1994. p. 44.

. Spraul CW, Grossniklaus HE. Analysis of 24,444

surgical specimens accessioned over 55 years in an
ophthalmic pathology laboratory. Int Ophthalmol.
1997;21(5):283-304.

. Jenkins C, Rose GE, Bunce C, et al. Histological fea-

tures of ocular adnexal lymphoma (REAL classifica-
tion) and their association with patient morbidity and
survival. Br J Ophthalmol. 2000;84(8):907—13.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Jenkins C, Rose GE, Bunce C, et al. Clinical features
associated with survival of patients with lymphoma
of the ocular adnexa. Eye (Lond). 2003;17(7):809-20.
Ferry JA, Fung CY, Zukerberg L, et al. Lymphoma of
the ocular adnexa: a study of 353 cases. Am J Surg
Pathol. 2007;31(2):170-84.

Knowles DM, Jakobiec FA, McNally L, Burke
JS. Lymphoid hyperplasia and malignant lymphoma
occurring in the ocular adnexa (orbit, conjunctiva,
and eyelids): a prospective multiparametric analy-
sis of 108 cases during 1977 to 1987. Hum Pathol.
1990;21(9):959-73.

Stafford SL, Kozelsky TF, Garrity JA, et al. Orbital
lymphoma: radiotherapy outcome and complications.
Radiother Oncol. 2001;59(2):139-44.

Shields CL, Shields JA, Carvalho C, Rundle P, Smith
AF. Conjunctival lymphoid tumors: clinical analysis
of 117 cases and relationship to systemic lymphoma.
Ophthalmology. 2001;108(5):979-84.

Cockerham GC, Hidayat AA, Bijwaard KE, Sheng
ZM. Re-evaluation of “reactive lymphoid hyper-
plasia of the uvea” an immunohistochemical and
molecular analysis of 10 cases. Ophthalmology.
2000;107(1):151-8.

Ye H, Liu H, Attygalle A, et al. Variable frequencies
of t(11;18)(q21;q21) in MALT lymphomas of differ-
ent sites: significant association with CagA strains
of H pylori in gastric MALT lymphoma. Blood.
2003;102(3):1012-8.

Raffeld M, Jaffe ES. bcl-1, t(11;14), and mantle cell-
derived lymphomas. Blood. 1991;78(2):259-63.
Takada S, Yoshino T, Taniwaki M, et al. Involvement
of the chromosomal translocation t(11;18) in
some mucosa-associated lymphoid tissue lympho-
mas and diffuse large B-cell lymphomas of the
ocular adnexa: evidence from multiplex reverse
transcriptase-polymerase chain reaction and fluo-
rescence in situ hybridization on using formalin-
fixed, paraffin-embedded specimens. Mod Pathol.
2003;16(5):445-52.

Remstein ED, James CD, Kurtin PJ. Incidence and
subtype specificity of API2-MALT1 fusion transloca-
tions in extranodal, nodal, and splenic marginal zone
lymphomas. Am J Pathol. 2000;156(4):1183-8.
Hoover RN. Lymphoma risks in populations with
altered immunity--a search for mechanism. Cancer
Res. 1992;52(19 Suppl):5477s—8s.

Ferreri AJ, Guidoboni M, Ponzoni M, et al. Evidence
for an association between Chlamydia psittaci and
ocular adnexal lymphomas. J Natl Cancer Inst.
2004;96(8):586-94.

Chan CC, Smith JA, Shen DF, Ursea R, LeHoang
P, Grossniklaus HE. Helicobacter pylori (H. pylori)
molecular signature in  conjunctival mucosa-
associated lymphoid tissue (MALT) lymphoma.
Histol Histopathol. 2004;19(4):1219-26.

Chanudet E, Zhou Y, Bacon CM, et al. Chlamydia
psittaci is variably associated with ocular adnexal



90

A. Winter et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

MALT lymphoma in different geographical regions.
J Pathol. 2006;209(3):344-51.

Husain A, Roberts D, Pro B, McLaughlin P, Esmaeli
B. Meta-analyses of the association between
Chlamydia psittaci and ocular adnexal lymphoma and
the response of ocular adnexal lymphoma to antibiot-
ics. Cancer. 2007;110(4):809-15.

Amin S, Ramsay A. Orbital and lacrimal gland
progressive transformation of germinal centres-
-an underdiagnosed entity? Br J Ophthalmol.
2012;96(9):1242-5.

Stacy RC, Jakobiec FA, Schoenfield L, Singh
AD. Unifocal and multifocal reactive lymphoid
hyperplasia vs follicular lymphoma of the ocular
adnexa. Am J Ophthalmol. 2010;150(3):412-26.el.
Harris NL, Jaffe ES, Stein H, et al. A revised
European-American classification of lymphoid neo-
plasms: a proposal from the International Lymphoma
Study Group. Blood. 1994;84(5):1361-92.

Swerdlow S, Campo E, Harris NL, et al. Cancer
TIAFRO. WHO classification of tumours of haema-
topoietic and lymphoid tissue (IARC WHO classi-
fication of tumours). 4th ed. Geneva: World Health
Organization; 2008.

Fung CY, Tarbell NJ, Lucarelli MJ, et al. Ocular
adnexal lymphoma: clinical behavior of distinct
World Health Organization classification subtypes.
Int J Radiat Oncol Biol Phys. 2003;57(5):1382-91.
McKelvie PA, McNab A, Francis IC, Fox R,
O’Day J. Ocular adnexal lymphoproliferative dis-
ease: a series of 73 cases. Clin Exp Ophthalmol.
2001;29(6):387-93.

Mannami T, Yoshino T, Oshima K, et al. Clinical, his-
topathological, and immunogenetic analysis of ocular
adnexal lymphoproliferative disorders: characteriza-
tion of malt lymphoma and reactive lymphoid hyper-
plasia. Mod Pathol. 2001;14(7):641-9.

Bhatia S, Paulino AC, Buatti JM, Mayr NA,
Wen BC. Curative radiotherapy for primary
orbital lymphoma. Int J Radiat Oncol Biol Phys.
2002;54(3):818-23.

Sharara N, Holden JT, Wojno TH, Feinberg AS,
Grossniklaus HE. Ocular adnexal lymphoid prolifera-
tions: clinical, histologic, flow cytometric, and molec-
ular analysis of forty-three cases. Ophthalmology.
2003;110(6):1245-54.

Nakata M, Matsuno Y, Katsumata N, et al. Histology
according to the Revised European-American
Lymphoma Classification significantly predicts
the prognosis of ocular adnexal lymphoma. Leuk
Lymphoma. 1999;32(5-6):533-43.

White VA, Gascoyne RD, McNeil BK, Chang WY,
Brewer LV, Rootman J. Histopathologic findings and
frequency of clonality detected by the polymerase
chain reaction in ocular adnexal lymphoproliferative
lesions. Mod Pathol. 1996;9(11):1052-61.

Cho EY, Han JJ, Ree HJ, et al. Clinicopathologic
analysis of ocular adnexal lymphomas: extrano-
dal marginal zone b-cell lymphoma constitutes the

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

vast majority of ocular lymphomas among Koreans
and affects younger patients. Am J Hematol.
2003;73(2):87-96.

Saatci AO, Arikan G, Ozcan MA, Ozkal S, Kargi A,
Undar B. Indocyanine green angiographic features of
systemic non-Hodgkin’s lymphoma and bilateral cho-
roidal involvement. Ophthalmic Surg Lasers Imaging.
2006;37(3):236-9.

Coupland SE, Krause L, Delecluse HJ, et al.
Lymphoproliferative  lesions of the ocular
adnexa. Analysis of 112 cases. Ophthalmology.
1998;105(8):1430—41.

Decaudin D, de Cremoux P, Vincent-Salomon A,
Dendale R, Rouic LL. Ocular adnexal lymphoma: a
review of clinicopathologic features and treatment
options. Blood. 2006;108(5):1451-60.

Gardiner JA, White VA, Gascoyne RD, Rootman
J.  Histopathologic, immunophenotypic  and
genotypic analyses in ocular adnexal lymphop-
roliferative disorders. Aust N Z J Ophthalmol.
1992;20(3):247-51.

Hatef E, Roberts D, McLaughlin P, Pro B, Esmaeli
B. Prevalence and nature of systemic involvement and
stage at initial examination in patients with orbital
and ocular adnexal lymphoma. Arch Ophthalmol.
2007;125(12):1663-7.

Plaisier MB, Sie-Go DM, Berendschot TT, Petersen
EJ, Mourits MP. Ocular adnexal lymphoma classified
using the WHO classification: not only histology and
stage, but also gender is a predictor of outcome. Orbit.
2007;26(2):83-8.

Johnson TE, Tse DT, Byrne GE Jr, et al. Ocular-
adnexal lymphoid tumors: a clinicopathologic and
molecular genetic study of 77 patients. Ophthal Plast
Reconstr Surg. 1999;15(3):171-9.

Coupland SE, White VA, Rootman J, Damato B,
Finger PT. A TNM-based clinical staging system of
ocular adnexal lymphomas. Arch Pathol Lab Med.
2009;133(8):1262-7.

AJCC. Cancer staging manual. 7th ed. New York,
NY: Springer Science and Business Media LLC;
2009. www.springerlink.com. Accessed 18 Jan
2013.

Lee SE, Paik JS, Cho WK, et al. Feasibility of the
TNM-based staging system of ocular adnexal extra-
nodal marginal zone lymphoma of mucosa-associated
lymphoid tissue (MALT lymphoma). Am J Hematol.
2011;86(3):262-6.

Liu H, Ye H, Dogan A, et al. T(11;18)(q21;q21) is
associated with advanced mucosa-associated lym-
phoid tissue lymphoma that expresses nuclear BCL10.
Blood. 2001;98(4):1182-7.

Moore AT, Pritchard J, Taylor DS. Histiocytosis
X: an ophthalmological review. Br J Ophthalmol.
1985;69(1):7-14.

Herwig MC, Wojno T, Zhang Q, Grossniklaus
HE. Langerhans cell histiocytosis of the orbit: five
clinicopathologic cases and review of the literature.
Surv Ophthalmol. 2012;58:330.


http://www.springerlink.com

Ocular Adnexal Lymphoma: Systemic Therapy and Clinical Trials 91

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Thanos A, Vavvas D, Young LH, Foster CS. Choroidal
neovascular membrane formation and retinocho-
roidopathy in a patient with systemic langerhans cell
histiocytosis: a case report and review of the litera-
ture. Case Rep Ophthalmol. 2012;3(1):128-35.

Rosai J, Dorfman RF. Sinus histiocytosis with
massive lymphadenopathy: a pseudolymphoma-
tous benign disorder. Analysis of 34 cases. Cancer.
1972;30(5):1174-88.

Vemuganti GK, Naik MN, Honavar SG. Rosai
Dorfman disease of the orbit. J Hematol Oncol.
2008;1:7.

Zimmerman LE, Hidayat AA, Grantham RL, et al.
Atypical cases of sinus histiocytosis (Rosai-Dorfman
disease) with ophthalmological manifestations. Trans
Am Ophthalmol Soc. 1988;86:113-35.

Coupland SE, Foss HD, Assaf C, et al. T-cell and T/
natural killer-cell lymphomas involving ocular and
ocular adnexal tissues: a clinicopathologic, immuno-
histochemical, and molecular study of seven cases.
Ophthalmology. 1999;106(11):2109-20.

Mendenhall WM, Olivier KR, Lynch JW IJr,
Mendenhall NP. Lethal midline granuloma-nasal
natural killer/T-cell lymphoma. Am J Clin Oncol.
2006;29(2):202-6.

Ruf IK, Rhyne PW, Yang H, et al. Epstein-Barr
virus regulates c-MYC, apoptosis, and tumori-
genicity in Burkitt lymphoma. Mol Cell Biol.
1999;19(3):1651-60.

Burkitt D. A sarcoma involving the jaws in African
children. BrJ Surg. 1958;46(197):218-23.

Reifler DM, Warzynski MJ, Blount WR, Graham
DM, Mills KA. Orbital lymphoma associated with
acquired immune deficiency syndrome (AIDS). Surv
Ophthalmol. 1994;38(4):371-80.

Giuliari GP, Sadaka A, Cortez MA, Paniagua A. Orbital
Burkitt’s lymphoma: an aggressive presentation. Case
Rep Ophthalmol Med. 2012;2012:354043.

Baker PS, Gold KG, Lane KA, Bilyk JR, Katowitz
JA. Orbital Burkitt lymphoma in immunocompetent

67.

68.

69.

70.

71.

72.

73.

74.

75.

patients: a report of 3 cases and a review of the litera-
ture. Ophthal Plast Reconstr Surg. 2009;25(6):464—8.
Le QT, Eulau SM, George TI, et al. Primary radio-
therapy for localized orbital MALT lymphoma. Int J
Radiat Oncol Biol Phys. 2002;52(3):657-63.

Uno T, Isobe K, Shikama N, et al. Radiotherapy
for extranodal, marginal zone, B-cell lymphoma of
mucosa-associated lymphoid tissue originating in
the ocular adnexa: a multiinstitutional, retrospective
review of 50 patients. Cancer. 2003;98(4):865-71.
Platt S, Al Zahrani Y, Singh N, Hill B, Cherian S,
Singh AD. Extranodal marginal zone lymphoma of
ocular adnexa: outcomes following radiation therapy.
Ocul Oncol Pathol. 2017;3(3):181-7.

Alderuccio JP, Florindez JA, Reis IM, Zhao W,
Lossos IS. Treatments and outcomes in stage I extra-
nodal marginal zone lymphoma in the United States.
Cancers. 2021;13(8):1803.

Stacy RC, Jakobiec FA, Herwig MC, Schoenfield L,
Singh A, Grossniklaus HE. Diffuse large B-cell lym-
phoma of the orbit: clinicopathologic, immunohisto-
chemical, and prognostic features of 20 cases. Am J
Ophthalmol. 2012;154(1):87-98 el.

Blasi MA, Gherlinzoni F, Calvisi G, et al. Local
chemotherapy with interferon-alpha for conjunctival
mucosa-associated lymphoid tissue lymphoma: a pre-
liminary report. Ophthalmology. 2001;108(3):559-62.
Sullivan TJ, Grimes D, Bunce I. Monoclonal anti-
body treatment of orbital lymphoma. Ophthal Plast
Reconstr Surg. 2004;20(2):103-6.

Abramson DH, Rollins I, Coleman M. Periocular
mucosa-associated lymphoid/low grade lympho-
mas: treatment with antibiotics. Am J Ophthalmol.
2005;140(4):729-30.

Ferreri AJ, Govi S, Pasini E, et al. Chlamydophila
psittaci eradication with doxycycline as first-line
targeted therapy for ocular adnexae lymphoma: final
results of an international phase II trial. J Clin Oncol.
2012;30(24):2988-94.



®

Check for
updates

Primary Central Nervous System

11

Lymphoma: Neuro-Oncologic

Approach

Ahmad N. Kassem and David M. Peereboom

Introduction

Primary central nervous system lymphoma
(PCNSL) is defined as lymphoma confined to the
central nervous system (CNS) at presentation. By
contrast, secondary CNS lymphoma represents a
systemic lymphoma (i.e., outside the CNS) that
has metastasized to the CNS as a secondary site
either as part of the initial presentation or at
relapse. Conversely, up to 10% of patients with
PCNSL develop systemic spread, typically late in
the disease course [1].

PCNSL may involve the brain, eyes, lepto-
meninges, or the spinal cord. While ocular and
adnexal lymphoma represents a subset of PCNSL,
this chapter will address the management of
PCNSL when it involves any of the remaining
CNS compartments—i.e., the brain, leptomenin-
ges, and the spinal cord. Spinal cord involvement
is rare. PCNSL accounts for 2-3% of all primary
CNS tumors [1]. The median age of patients with
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PCNSL is approximately 60 years. Over 90% of
cases of PCNSL are classified histologically as
diffuse large B-cell lymphoma (DLBCL) which
is a particularly aggressive form of non-Hodgkin
lymphoma (NHL) [2].

T-cell primary CNS lymphoma (TPCNSL) is a
rare form of PCNSL and comprises 2-8.5% of
cases, with higher incidences reported in eastern
countries such as Japan and Korea [3]. The clinical
picture and treatment modalities for T-cell PCNSL
are similar to DLBCL with similar agents used in
treatment, with the exception of rituximab, which
is used only for B-cell malignancies.

Initial Diagnosis of CNS Lymphoma

About two-thirds of immunocompetent patients
with PCNSL initially present with a solitary brain
mass. Most patients present with focal neurologi-
cal deficits and over 40% have neuropsychiatric
symptoms. The brain hemispheres are most com-
monly involved (38%), followed by the thalamus
and basal ganglia (16%), corpus callosum and
related structures (14%), periventricular loci
(12%), and the cerebellum (9%) [4]. MRI of the
brain typically demonstrates periventricular
homogeneous contrast enhancement with well-
defined borders, low signal on T2-weighted imag-
ing, and restricted diffusion on diffusion-weighted
imaging (Fig. 11.1) [5]. Less typical presentations
such as an intraventricular mass, cranial or radicu-
lar nerve enhancement, or isolated meningeal
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Fig. 11.1 There are multiple nearly confluent lesions in the right posterior parietal and occipital lobe (a, T1).
Enhancement is present (b-before and c-after contrast injection)

enhancement have been described. Atypical imag-
ing findings such as multiple ring-enhancing or
patchy enhancing lesions can be seen in immuno-
compromised patients such as those with acquired
immunodeficiency syndrome (AIDS) or post-
organ transplant patients. Suggestive imaging
must be followed by histopathologic confirma-
tion. Tissue diagnosis is mandatory as the differ-
ential diagnosis on MRI of the brain includes
multiple sclerosis, sarcoidosis, toxoplasmosis,
and occasionally gliomas. Like lymphoma, these
entities may demonstrate a transient response to
corticosteroids [5]. Therefore, one must avoid
corticosteroid administration prior to the proper
evaluation of the patient with suspected PCNSL
unless the patient is deteriorating. The potent lym-
pholytic property of corticosteroids will com-
monly lead to necrosis of lymphoma, rendering
tissue non-diagnostic.

Differentiating Primary
and Secondary CNS Lymphoma

For a patient presenting with a possible CNS
lymphoma on imaging, the initial decision on the
site of tissue diagnosis depends on the presence
or absence of other sites of disease; for this rea-
son, imaging of the chest, abdomen, and pelvis
typically with CT is necessary. Some centers use
positron emission tomography (PET) CT scan
with fluorodeoxyglucose (FDG) (PET-CT).
Imaging allows one to distinguish primary from
secondary CNS lymphoma; and in the case of the

latter, to determine an alternative site for biopsy
if suspicious imaging abnormalities exist. A
lymph node is the biopsy site of choice, as it will
reveal the lymph node architecture that informs
the subtype of lymphoma and allows comprehen-
sive molecular analysis, which in turn oftentimes
will guide therapy. Men with negative systemic
imaging should have a testicular ultrasound (US)
to rule out primary testicular lymphoma, which,
though uncommon as a primary site, has a sig-
nificant risk of CNS metastasis [6]. If abnormal,
a unilateral orchiectomy can be diagnostic. Bone
marrow aspirate and biopsy have been recom-
mended in some guidelines as part of the evalua-
tion for systemic lymphoma. If imaging of the
chest, abdomen, pelvis, and testis is negative,
however, the likelihood of finding isolated bone
marrow lymphoma as a source of CNS involve-
ment is 2.5%, calling into question the utility of
this procedure [7].

Once the CT of chest, abdomen, and pelvis
and, in men, testicular US are confirmed nega-
tive, CNS tissue must be acquired to make a diag-
nosis. The following options should be pursued
as needed, in order from least to most invasive.

1. Lumbar puncture (LP): If not contraindicated
by elevated intracranial pressure, the least
invasive method to diagnose PCNSL is an
LP. Importantly, the CSF analysis should be of
high volume (>10 mL) and must include flow
cytometry and ideally review by a hemato-
pathologist, in addition to routine analysis and
cytology. CSF cultures are not necessary in the
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absence of symptoms or signs of infection and
omission of CSF cultures allows for prioritiz-
ing CSF to more relevant tests. Importantly,
MRI should be performed before the LP to
avoid nonspecific meningeal enhancement
caused by the procedure. This enhancement
can mimic leptomeningeal disease.

2. Slit lamp examination (SLE): SLE should be
performed to detect cells in the vitreous and/
or retinal infiltrates. A suspicious finding on
SLE would be followed by a vitrectomy or, in
some cases, by a retinal biopsy.

3. Brain biopsy: If both the LP and SLE are nega-
tive, the patient should have a brain biopsy.
Although a positive LP or vitrectomy will
spare the patient a brain biopsy, the patient who
has been diagnosed by brain biopsy first should
still undergo an LP and SLE to establish the
presence or absence of disease in the CSF and/
or ocular compartments, respectively. With a
confirmatory brain biopsy, and suspicious find-
ings on SLE, a vitrectomy is not needed. In
case of a non-diagnostic biopsy after cortico-
steroid administration, serial imaging with
MRI after withdrawal of corticosteroid therapy
may be performed, typically at an interval of
6-8 weeks with repeat biopsy after radiologic
evidence of tumor regrowth [8].

Prognosis and Goal of Treatment

The prognostic significance of the classic Ann
Arbor staging system does not apply to
PCNSL. Several prognostic scoring systems are
used for PCNSL [9, 10]. The International
Extranodal Lymphoma Study Group defines five
parameters that correlated with a poor prognosis:
age older than 60 years; performance status
greater than 1 on the Eastern Cooperative
Oncology Group performance status scale; ele-
vated serum LDH; high CSF protein concentra-
tion; and tumor location within the deep regions
of the brain (periventricular regions, basal gan-
glia, brainstem, and/or cerebellum). Patients with
0-1; 2-3; or 4-5 of these adverse risk factors had
2-year overall survival rates of 80%, 48%, or
15%, respectively [10]. The simplest prognostic

score distinguishes three groups on the basis of
age and Karnofsky performance status (KPS)—
age <50 years; age >50 years and KPS >70; or
age >50 years and KPS less than 70—which cor-
relate with median overall survivals of 8.5 years,
3.2 years, and 1.1 years, respectively [9]. This
system is easy to use in daily practice and offers
a rough estimate of prognosis.

While age and performance status are impor-
tant, several other details are taken into consider-
ation. Organ dysfunction, comorbidity, and social
support are factored in planning the treatment. A
patient’s suitability to receive high-dose chemo-
therapy and autologous stem cell rescue (HDC-
ASCR) as part of initial therapy is one of the
main management decisions in the treatment of
PCNSL patients.

As with any serious illness, the optimal patient
management is entry onto a clinical trial both at
initial diagnosis and at disease progression.
Unlike most CNS malignancies, the goal of ther-
apy for PCNSL is long-term disease control.
Most patients, even if severely ill, should be con-
sidered for aggressive treatment as PCNSL gen-
erally responds very well to therapy [11].

Immunocompetent Patient
with PCNSL

PCNSL should be approached as a “whole-brain
disease” [12]. Pretreatment clinical evaluation
should include a detailed history and physical
examination with careful assessment of neuro-
logic deficits and lymphadenopathy, as the latter
may suggest systemic disease. Cognitive function
testing with neuropsychologic batteries should be
performed at baseline if feasible, and during fol-
low-up visits to monitor for potential treatment
toxicities and to monitor cognitive function dur-
ing and after treatment [13]. Patients at the time of
diagnosis may be too ill to participate in such test-
ing. Laboratory testing should include HIV and
hepatitis serologies, lactate dehydrogenase, and
hepatic and renal function tests.

There is no role for surgery in the therapeutic
management of PCNSL. The rapid response to
corticosteroids, chemotherapy, and radiation
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therapy obviates a role for surgical resection. On
rare occasions, patients undergo surgical resec-
tion of a brain mass with radiological findings
suggestive of a glioma, but for the pathology to
reveal a lymphoma.

Before the advent of effective chemotherapy
for PCNSL, whole-brain radiation therapy
(WBRT) was the only treatment offered to
PCNSL patients. WBRT resulted in short-lived
responses with overall survival (OS) between 10
and 18 months with a 5-year survival of <20%
[14, 15]. Furthermore, the neurocognitive decline
seen in PCNSL survivors can be severe. Today,
most centers defer WBRT until failure of effec-
tive chemotherapy regimens [16].

While WBRT is rarely used as part of initial
therapy, stereotactic radiosurgery, the use of a
highly conformal radiation plan for small lesions,
can be used for the patient who has several small
lesions. The definitions of “‘small” and “several” in
this context vary with the particular institution but
mean roughly less than 2 cm and fewer than 3—4
lesions, respectively. Several observational studies
of SRS in PCNSL have been published [17].

The initial therapy for PCNSL is often consid-
ered according to three phases: induction, con-
solidation, and maintenance. Induction seeks to
induce a complete response—the eradication of
all of detectable disease. Consolidation is the use
of subsequent therapy to eliminate remaining
cancer to consolidate this response. Maintenance
therapy strives to maintain this response by pre-
venting recurrence of disease. While mainte-
nance therapy is standard of care for the
management of other hematological malignan-
cies (e.g., acute leukemia), it is not uniformly
considered standard for patients with PCNSL.

High-dose methotrexate (HD-MTX) is the most
effective single agent in the treatment of
PCNSL. Multiagent chemotherapy with a
HD-MTX backbone is essential, yet the choice of
agents to be used with MTX is still a matter of dis-
cussion [18, 19]. The addition of rituximab to
MTX-based regimens has shown significant
improvement in complete remission rates and OS.
Rituximab, a standard of care for patients with sys-
temic B-cell NHL, is part of nearly all induction
protocols for PCNSL despite conflicting evidence
as to its efficacy [20]. Multiple methotrexate-based

chemotherapy regimens including rituximab have
been investigated. Rituximab, methotrexate, vin-
cristine, and procarbazine (R-MVP); rituximab,
methotrexate, and temozolomide (MR-T); ritux-
imab, methotrexate, etoposide, carmustine, and
prednisone (RMBVP); and rituximab, methotrex-
ate, cytarabine, and thiotepa (MATRix) are some of
the commonly used induction regimens. The choice
of induction regimen is largely determined by geo-
graphic tendencies and physician preferences as no
regimen appears to be evidently superior [16]. The
agents in the R-CHOP chemotherapy regimen
(rituximab, cyclophosphamide, hydroxydaunoru-
bicin (doxorubicin), Oncovin™ (vincristine), and
prednisone), most commonly used in systemic
lymphoma, have poor blood—brain barrier (BBB)
penetration; this regimen thus has no role in
PCNSL treatment.

Overall survival is the most important measure
of efficacy of treatment for PCNSL. Radiographic
response is assessed after induction and then after
consolidation and with regular assessments after
the completion of therapy. Radiographic responses
are scored as complete response (CR), partial
response, stable disease, and progressive disease
(PD). The most important of these is the CR,
which requires (1) complete disappearance of all
enhancing abnormalities on contrast-enhanced
MRI; (2) absence of malignant cells in the vitre-
ous and resolution of any previously documented
retinal or optic nerve infiltrates if present at initial
staging; and (3) negative CSF cytology if previ-
ously positive [21].

Consolidation therapy is offered to patients
who achieve complete or partial response after
induction with the goal of achieving a durable
response. Current consolidation therapy options
include radiation, chemotherapy, or myeloabla-
tive chemotherapy with autologous stem cell res-
cue. Whereas some experts have retained WBRT
as part of standard consolidation based on
improved PFS, most have omitted WBRT based
on the lack of OS advantage and the high rate of
neurotoxicity with WBRT [22, 23]. More recent
data, however, suggest the use of low dose
(23.4 Gy rather than the typical 3645 Gy)
WBRT could have a role for consolidation ther-
apy as evidenced by preliminary data that dem-
onstrate efficacy with preserved neurocognitive
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status in patients who are not candidates for mye-
loablative chemotherapy with autologous stem
cell rescue [24].

Patients with good organ function who achieve
CR or near CR after induction therapy should be
considered for consolidation therapy with high-
dose chemotherapy and autologous stem cell res-
cue (HDC-ASCR). HDC-ASCR is commonly
known as autologous bone marrow transplant.
Patients should be carefully selected before
undergoing such an aggressive treatment
approach although the population eligible for
HDC-ASCR is becoming more and more inclu-
sive. Non-myeloablative consolidation with cyta-
rabine and etoposide may be an attractive option
to a wide population of patient who may not be
eligible for HDC-ASCR [25].

The progress achieved in inducing and consoli-
dating remission in PCNSL opened the door for
discussion ~ about  maintenance  therapy.
Maintenance therapy uses less intensive therapy
over a longer duration once a patient has achieved
a CR (or in some cases a PR) with induction and
consolidation therapy. One example is the use of
obinutuzumab once every 2 months for 2 years
currently being studied as a maintenance regimen
(NCT02498951). Prospective studies are needed
to confirm the benefit of maintenance therapy and
to define the optimal agent. There is currently no
consensus regarding a standardized follow-up for
PCNSL patients. Patients should be reassessed
after completion of therapy, at a minimum of every
3 months for 2 years, then every 6 months for
3 years, and annually for at least 5 years, for a total
of 10 years of follow-up. Minimum testing at fol-
low-up includes history, physical examination
including a mini-mental status examination
(MMSE), and gadolinium enhanced MRI scan of
the brain. Ophthalmological follow-up intervals
vary according to the patient’s situation and should
be coordinated with an ophthalmic oncologist.

Special Considerations for PCNSL
in the Elderly

The incidence of PCNSL is increasing among the
elderly, who comprise at least half of the indi-
viduals with this disease. Many PCNSL clinical

trials exclude the elderly [18]. Elderly patients
are at a higher risk of treatment toxicity due to
declining organ function, decreased drug metab-
olism and elimination, comorbidities, and poly-
pharmacy. The choice of induction therapy is
particularly important in the elderly as they are
often poor candidates for consolidation treat-
ments. HD-MTX-based chemotherapy, however,
is the treatment of choice for induction and is
well tolerated by most elderly patients with ade-
quate supportive measures and frequent checks
of renal function [26]. Methotrexate and temo-
zolomide; or methotrexate, vincristine, procarba-
zine, and cytarabine are potential induction
regimens for elderly patients with PCNSL, with
some studies slightly favoring the latter [27].

Immunosuppressed Patient
with PCNSL

Immune suppression, either by HIV or immuno-
suppressive agents, allows growth of Epstein-
Barr virus (EBV) which is known to drive
lymphomagenesis. Immune suppression thus
increases the risk of PCNSL and other NHL. The
general strategy for management of these patients
involves immune reconstitution—i.e., highly
active antiretroviral therapy (HAART) in AIDS
patients, or reduction of antirejection medicines
in organ transplant patients—with or without
cytotoxic therapy.

HIV-Associated PCNSL

PCNSL accounts for 15% of NHL in HIV patients
versus less than 1% of NHL in the general popu-
lation [28], with PCNSL constituting 30% of
CNS lesions in patients with AIDS [29]. The fre-
quency of HIV-associated PCNSL has dimin-
ished with the development of highly active
antiretroviral therapy (HAART) [30]. Despite
HAART, PCNSL has the worst prognosis of any
HIV-associated malignancy, with an estimated
2-year mortality as high as 90% [31].
AIDS-related PCNSL (AR-PCNSL) typically
occurs in patients with CD4 counts below
50 cells/pL blood [32]. Unlike the more insidious
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neurological decline seen in immunocompetent
individuals, patients with AR-PCNSL often pres-
ent with florid acute organic brain syndrome
[28]. The diagnostic approach is similar to that in
immunocompetent patients with a few differ-
ences. In addition to flow cytometry and cytol-
ogy, CSF should be assayed for toxoplasma
gondii and EBV. Detection of EBV activity in the
CSF is suggestive of PCNSL. If CSF evaluation
and ocular examination are negative and a brain
biopsy cannot be performed, an elevated CSF
EBV load in the setting of an FDG-avid CNS
lesion on PET is highly specific and may justify
treatment initiation [33].

AR-PCNSL is typically an end-stage manifes-
tation of AIDS, and requires urgent immune
reconstitution, to control both opportunistic
infections as well as lymphoma. A challenge in
AR-PCNSL is to effectively target the malig-
nancy while allowing immune reconstitution.

Unfortunately, HIV seropositive individu-
als have been excluded from key studies in
PCNSL treatment. Upfront WBRT with
HAART had been considered the standard of
care for AR-PCNSL but has largely been
replaced by chemotherapy. HAART and
HD-MTX should be considered as the first line
for AR-PCNSL. Rituximab is safe in HIV-
infected individuals and may be introduced when
CD4 counts exceed 50 cells/pL [34]. Alkylating
agents, vincristine and cytarabine, however, may
be associated with an increased rate of neutrope-
nic complications and a potentially more attenu-
ated rate of CD4 recovery with HAART in HIV
patients [32].

latrogenic Immunosuppression-
Related PCNSL

The population of iatrogenically immunosup-
pressed individuals is steadily increasing with the
wide use of immunosuppressive therapies and the
advancements in the field of solid organ or allo-
geneic hematopoietic stem cell transplantation.
Post-transplant ~ lymphoproliferative  disorder
(PTLD) is a well-known complication of organ
transplantation. Although brain involvement

occurs in 7-15% of PTLD, isolated CNS disease
is rare [35, 36]. For patients with PTLD, reduc-
tion of immunosuppressive drugs carries the risk
of graft failure, which contributes to the high
mortality [37]. Reduction of immunosuppression
is therefore not adequate as a single strategy and
must be accompanied by chemotherapy [35].
Close collaboration with the transplant providers
is necessary in order to decide on how much to
reduce the transplant antirejection regimen. The
chemotherapy treatment regimens are similar to
those used for immunocompetent patients.

Recurrent PCNSL

Despite the significant improvement in the man-
agement of PCNSL in the past years, up to 60%
of patients experience relapse and one-third of
patients have refractory disease (no response to
initial therapy) [1, 38]. Treatment for progressive
or refractory disease depends on performance
status, site of relapse (e.g., brain parenchyma,
CSF, and/or eyes), prior treatment, and duration
of response [39]. In patients with long-lasting
remission after initial treatment, re-challenge
with a HD-MTX-containing chemotherapy
should be considered [8, 40]. If HDC-ASCR was
not attempted as a consolidation therapy, it may
be offered upon relapse. Immunotherapy, inhibi-
tors of Bruton tyrosine kinase such as ibrutinib,
intrathecal rituximab, and other single agents or
combinations may be considered [11].

After promising results in the treatment of
secondary CNS lymphoma, CD19-directed chi-
meric antigen receptor (CAR) T-cells are in
experimental use for the treatment of refractory
or recurrent PCNSL. The treatment includes a
lympho-depletion regimen prior to autologous
CAR T-cell infusion [41]. The patients should be
monitored for cytokine release syndrome, in
addition to the typical complications of the con-
ditioning regimen. Although the studies have
included small numbers of patients, the results
are promising.

Another option for salvage treatment of recur-
rent PCNSL or refractory is stereotactic radiosur-
gery (SRS). Used alone or with HD-MTX it
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should be considered in select patients. SRS
appears to be more effective with small localized
small lesions [42]. More prospective studies are
needed to validate the efficiency of SRS in
PCNSL. WBRT is also an option for patients
with relapsed disease, generally reserved in situ-
ations where chemotherapy has become
ineffective.

PCNSL with Leptomeningeal
Involvement

Leptomeningeal dissemination occurs in up to
42% of patients with PCNSL [43]. Patients with
leptomeningeal PCNSL may present with multi-
focal symptoms, headaches, cranial nerve pal-
sies, and spinal radiculopathies; they often
however present without localizing symptoms
[44]. Primary leptomeningeal lymphoma (PLML)
without synchronous parenchymal brain/spine or
systemic disease is rare and constitutes about 7%
of PCNSL cases [45].

In patients with obvious meningeal enhance-
ment, intrathecal chemotherapy may have limited
efficacy due to its very shallow penetration into
the meninges. Nonetheless, current guidelines of
the National Comprehensive Cancer Network
(NCCN) recommend treatment with intrathecal
MTX, cytarabine, or rituximab in cases of posi-
tive CSF studies or meningeal enhancement on
MRI. Radiation therapy could be considered for
the unusual patient in whom deficits and sites of
disease are focal and chemotherapy by any route
is not an option.

Diagnosis and Management
of Neurological Complications
of Treatment for PCNSL

Treatment-related neurotoxicity is defined as
progressive neurological or cognitive impairment
noted on serial examinations in the absence of
lymphoma recurrence [46]. With the improve-
ment in survival of patients with PCNSL, compli-
cations of treatment are more commonly observed
and require significant attention.

WBRT alone or with systemic chemotherapy
is a significant risk factor for the development of
late neurotoxicity although lower dose WBRT
regimens are being evaluated with the goal of
avoiding this toxicity. Common symptoms and
signs include deficits in attention, memory, exec-
utive function, gait ataxia, and incontinence.
Patients over 60 years of age are at higher risk of
developing treatment-related neurotoxicity. The
MMSE is commonly used on follow-up to screen
for this complication. The actual incidence of
neurotoxicity may be underestimated as the
MMSE has a low sensitivity for the detection of
all of the symptoms of neurotoxicity.

Neurologic toxicity of HD-MTX can consist
of stroke-like symptoms, an acute or subacute
encephalopathy, and in the long term, a delayed
multifocal leukoencephalopathy [47]. Rituximab
uncommonly causes reactivation of John
Cunningham (JC) virus leading to progressive
multifocal leukoencephalopathy [48]. Vincristine
neurotoxicity most commonly presents as a
peripheral neuropathy. Cytarabine can cause an
acute cerebellar ataxia. The prevention and man-
agement of iatrogenic neurotoxicity is an unmet
need in the care of PCNSL patients and repre-
sents another role for the performance of clinical
trials in the care of patients with PCNSL.
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