Intraocular
lymphoma: a clinical
perspective

Abstract

Primary vitreoretinal lymphoma (PVRL) is a
rare malignancy that is speculated to arise
extraocularly, and preferentially invade

and flourish in the ocular and CNS
microenvironments. The eye is involved in
about 20% of primary central nervous system
lymphomas, but the brain is eventually
involved in about 80% of PVRL. Most are
B-cell lymphomas with small numbers of
T-cell lymphomas metastatic to the vitreous
and retina. Metastatic systemic B-cell
lymphoma usually involves choroid. Primary
choroidal lymphoma is rare. Intraocular
lymphoma can usually be distinguished
from uveitis clinically, although there are
overlaps, which may be pronounced in eyes
with a large component of reactive
inflammation related to tumor surveillance
and control. There are controversies in
diagnosis and treatment. Diagnosis through
examination of ocular fluid is technically
difficult and can utilize cytology,
immunohistochemistry, flow cytometry,
molecular detection of gene rearrangements,
and cytokine profiling. Treatment of
intraocular lymphoma without detectable
CNS disease could consist of a full course
of systemic chemotherapy with ocular
adjunctive treatment, or ocular treatment
alone depending on the preference of the
clinical center. In ocular only cases where
the vitreous has been debulked to improve
vision and there is no sight-threatening
involvement of the RPE, orbital irradiation
or intravitreal chemotherapy stabilizes the
intraocular process but does not seem to
modify the CNS component, which can
present symptomatically in an advanced state.
This is a highly malignant disease with a poor
prognosis. Close collaboration with a
pathologist and oncologist, and good
communication with patients is essential.
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Methodology

Online search of the Medline database through
August 2012 captured information regarding
the epidemiology and clinical behavior of
intraocular lymphomas using keywords of
intraocular lymphoma, primary vitreoretinal
lymphoma, metastatic intraocular lymphoma,
and choroidal lymphoma. Search for lymphoma
and vitreous captured articles on animal models
and diagnostic testing. Searches under
lymphoma and either methotrexate or
rituximab revealed studies of treatment.
Recent consensus documents from the

United Kingdom and United States

provided current practices in treatment.

Lymphoma is a rare form of intraocular
malignancy, probably accounting for <0.01% of
ophthalmic diseases.!”? The majority of patients
are older than 50. Most intraocular lymphoma is
a primary vitreoretinal lymphoma (PVRL) that
involves the retinal pigment epithelium and
vitreous, rather than the uvea as do secondary
lymphomas such as metastatic systemic
lymphoma.># Metastases of systemic
lymphoma to the retina is extremely rare.’
PVRL is closely associated with primary central
nervous system lymphoma (PCNSL) to the
extent that most cases presenting with ocular
involvement will eventually develop CNS
lymphoma.l? Primary choroidal lymphoma
represents another distinct form of intraocular
lymphoma.®

Diagnosis is considered difficult. Clinically
lymphoma masquerades as an intermediate
and/or posterior uveitis. Acquisition and
preservation of vitreous specimens is
technically Challenging,7 and few
cytopathologists in general hospitals will have
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experience with this tumor. For this reason a number
of adjunctive diagnostic tests have been devised to
supplement cytology: immunohistochemistry,® flow
cytometry,® molecular detection of clonal gene
rearrangements,'%!! and cytokine profiling of
intraocular fluid.'%12

Treatment is controversial in the absence of concurrent
CNS disease. Systemic chemotherapy with a regimen
including high-dose methotrexate plus an adjuvant local
ocular therapy such as radiation is advocated by
some.!3!4 Intraocular chemotherapy with methotrexate is
preferred to radiation in some centers.!> Rituximab
shows some potential as another local adjuvant that may
be less toxic than methotrexate!® or avoid the develop of
methotrexate resistance with repeated exposure.!”
Combined systemic and radiotherapy treatment is
proposed to lengthen the survival time from the onset of
ocular symptoms in patients who present with ocular
involvement only.!® Palliative local therapy may be
prescribed if prophylactic systemic treatment is not
elected.? Local therapy alone does not seem to modify
overall prognosis.'”

The role of the ophthalmologist is to suspect the
diagnosis, obtain adequate material for pathological
examination, and to work closely with a pathologist to
confirm the diagnosis and with an hemato-oncologist to
participate in a treatment plan that considers both
ocular and non-ocular involvement.

Clinical correlations with the pathogenesis of PVRL

Current scientific understanding of intraocular
lymphoma supports the hypothesis of an infiltration of
malignant lymphocytes from the systemic circulation

to the eye and the brain.? Cells with clonal DNA
rearrangements identical to those in the brain tumor have
been found in the blood and bone marrow of patients
with PCNSL.20 Permissive retinal endothelial receptors?!
and lack of a robust immune surveillance may allow
preferential entry of malignant cells to the retina rather
than choroid, and subsequent clonal proliferation in the

eye. Migration into vitreous or RPE or both occurs, with
Bruchs membrane serving as a barrier to further spread.
In contrast to PVRL, the choroidal circulation is the more
likely entry point in metastatic systemic lymphoma.
Bruchs membrane again acts as a barrier and confines the
tumor to the uveal tract. Metastatic uveal infiltration in
the iris is also possible but extremely rare.32>

Other mechanisms of lymphoma entry into the eye
have been proposed. Because of the strong association of
PCNSL with vitreoretinal lymphoma, passage along the
optic nerves would be a convenient explanation;
however, clinically the optic nerve is uninvolved in
concurrent disease, unlike murine models of intraocular
lymphoma.?? Cases of infectious uveitis associated with
subsequent intraocular lymphoma?* could support a
hypothesis of an initial polyclonal inflammatory
proliferation that becomes clonal through mutation.
Endoantigens from a non-infectious uveitis
hypothetically might produce the same phenomenon.
There is evidence that intraocular lymphoma arises from
post-germinal center cells that have already been
exposed to antigen.?’ In addition, ocular inflammation
might supply growth factors for tumor cells rather
than killing them.

Primary choroidal lymphoma is distinct from other
forms of intraocular lymphoma, usually has a benign
behavior with virtually no metastatic potential, but does
locally proliferate and can damage the eye.3 Most cases of
reactive lymphoid hyperplasia are felt to be low-grade
B-cell lymphomas that involve the choroid.?

Table 1 summarizes recent basic and animal research
with potential applications to the clinical understanding
and management of intraocular lymphoma.

Clinical features of PVRL

The distinctive feature of homogeneous, non-clumped
collections of large vitreous cells correlates with the
intravitreal clonal proliferation of cells. Migration to the
retinal pigment epithelium leads to characteristic yellow
lesions of various sizes. Solid detachments of the RPE

Table 1 Applications of basic, histologic, and animal studies to clinical understanding of primary vitreoretinal lymphoma

Basic or animal study

Clinical application

CD20 expression on human lymphoma B cells in SCID
mouse model?”’

Chemokines selective for B cells present in RPE?®

Detection of tumor clones but not tumor in blood and bone
marrow in PCNSL?

Post-germinal center genotype in PVRL cells®

T-cell regulation and control of syngeneic B-cell lymphoma
in mice?

Intravitreal injection of rituximab for treatment of PVRL3031

Lymphoma predilection for the RPE®

Asynchronous ocular and CNS involvement from independent
migration and growth rather than direct extension?
Concomitant infection in some cases of PVRL?
Presence of reactive inflammatory T cells in PVR
Greater risk of lymphoma in patients with reduced T-cell
function3+3

L32,33

Eye



with irregular yellow deposits are considered
pathognomonic of PVRL (Figure 1).

Intraocular lymphoma can be distinguished clinically
from uveitis based on two principal features. The first is
that the lymphoma cells increase by a proliferation in situ
rather than by the amplification and recruitment of
inflammatory cells that occurs in uveitis. The second
feature is that in B-cell PVRL there is predominance
of TL-10 cytokine,'? presumably elaborated by the
lymphoma cells. It acts as a growth factor for B
lymphocytes, along with other mediators,*® and is also
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anti-inflammatory. This may stifle immune defenses
against the tumor cells and produce the typical ‘quiet’
eye of PVRL. In contrast the inflammatory milieu in
uveitis® with high levels of IL-6 is associated with
breakdown of vitreous structure with stranding and
focal vitreous opacities.

There are exceptions to these stereotypical patterns
that can complicate clinical diagnosis. Higher degrees of
reactive inflammation may occur when there are more
reactive T-cell lymphocytes. Iritis and keratic precipitates
occurred in about 25% of the 217 patients with

Figure1 Depiction of typical growth patterns for PVRL. Left, primarily vitreous infiltration. Vitreous haze was dense enough in some
areas to completely obscure the fundus; the central clear zone permitted good vision of 20/30. Vitreous stranding and clumping typical
of inflammatory disease is absent. Right, large deposit under the retinal pigment epithelium in an HIV-infected patient with PCNSL.
The preretinal white patch on the dome of the lesion is lymphomatous proliferation into the vitreous. Note the vascular sheathing and

the small clumps of RPE over the tumor mass.

Figure 2 Retinal lymphoma in a patient treated for PCNSL 5 years previously. Top left, right fundus photograph shows pale, round
lesions. Top right, autofluorescent imaging shows the round lesions to be mainly hypofluorescent. The clustering of the lesions
along retinal arterioles is better seen in the autofluorescent image and suggests entry into the eye via the retinal circulation. The optic
nerve was normal. The diffuse hyperautofluorescence likely indicates RPE level infiltration. Bottom, video and spectral domain OCT
through two of the round lesions confirms their intraretinal location. The lesion on the right has eroded through retina and is resting on

the RPE.
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intraocular lymphoma reported by the Japanese
collaborative group!® vs about 75% of 53 French
patients.’® Subretinal deposits were present in about half
the patients in each group.'%38 The most useful signs for
distinguishing lymphoma from non-lymphoma patients
in the French study of diagnostic vitrectomies were better
vision, less anterior chamber flare, fewer cases with
posterior synechiae, and less optic disc swelling,
epiretinal membrane, or retinal vasculitis.38

Imaging is becoming increasingly useful in diagnosis
of PVRL. The RPE over yellow cellular accumulations of
lymphoma cells is hyperautofluorescent, presumably
due to RPE dysfunction with accumulation of
fluorophores. The whiter retinal deposits over the RPE
are hypoautofluorescent due to blocking® (Figure 2).

Fluorescein angiography shows early and late
hypofluorescent lesions in cases with outer retinal
involvement (Figure 3).38 Focal deposits are minimal on
indocyanine green angiography consistent with the
predilection for the retinal rather than the uveal
compartment. Irregular hyper-reflective anterior
protrusions from the RPE on spectral domain OCT

(Figure 4) probably indicate deposits of cells at this
preferential site.38

Leakage of fluorescein along the retinal veins in PVRL
was detected in 7 of 53 cases (13.2%) in the largest series
of imaging to date.3® Periarteriolar staining also occurs in
lymphoma. When compared with non-lymphoma
patients undergoing vitreous biopsy, vascular leakage is
less common.®® This sign of reactive inflammation seems
likely to be relevant for the clinical behavior of PVRL but
correlations between inflammatory signs such as
vasculitis and tumor control have not been made.

Table 2 summarizes the ophthalmologic features useful
in the clinical diagnosis of intraocular lymphoma. Early
diagnosis may identify more cases with vitreous
involvement only that will develop clinically evident
RPE involvement at a later stage.

Diagnosis of intraocular lymphoma

If the diagnosis is suspected, lengthy testing for CNS
disease in neurologically asymptomatic patients before
ocular biopsy is not necessary. Positive results from a

Figure 3 RPE involvement in PVRL. Left, grayscale rendition of a color photograph. The pale lesions are lymphomatous deposits that
appear yellow clinically. The larger round lesions are growing the RPE as evidenced by the clumps of pigment on their domes.
The smaller punctate and spiculated deposits are also likely sub-RPE. Notice the hazy retinal infiltrates temporally in this right eye and
the obscuration of the retinal vessels in this area either from sheathing or retinal infiltration. Right, early stage fluorescein angiogram of
the same eye demonstrating classic leopard spot pigmentation. The hypofluorescent lesions are the deposits of lymphoma cells.

Figure 4 Autofluorescence and OCT imaging in PVRL. Left, the fundus is studded with multiple punctate hyperfluorescent dots.
There is one placoid lesion in the inferior macula. The dark dots may represent areas of damage to the RPE or collections of lymphoma
cells that have grown above the RPE and are blocking the native autofluorescence. Right, correlation with the OCT section through
the fovea where the white dots are minimal nonetheless OCT shows multiple pre-Bruchs/sub-RPE deposits that protrude anteriorally
to the outer retina.
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Table 2 Clinical manifestations of primary vitreoretinal lymphoma based on history, ocular examination and fundus imaging

Clinical symptom or sign Common finding®

Range of findings

Moderate vitreous haze
Absent

Vitreous floaters
Symptomatic iritis
Blurred vision Moderate vision loss

Neurological symptoms Uncommon with initial ocular

presentation
Vitreous cells 2+ cellular reaction
RPE pigmentary changes Present

Present in 50%
Present in minority

Subretinal infiltration
Retinal vascular leakage

Macular edema Absent

Posterior synechiae Absent

Keratic precipitates Present in minority
Fundus autofluorescence Hyperautofluorescence

Fluorescein angiography Hypofluorescent focal lesions in
early and late stages
Focal anterior projections from

the RPE

Optical coherence
tomography

0 to 4+ vitreous haze®

Reconsider diagnosis if redness, pain, sensitivity to light
is present

Worse vision with dense vitritis or macular RPE
involvement

None to subtle behavioral changes to mass lesion effects

0 to 4+ vitreous cells”

None to extensive

None to extensive

Absent to extensive

Absent to present

Reconsider diagnosis if present

Absent to extensive if there is reactive inflammation
Hyper, hypo, or neutral autofluorescence depending on
depth of lymphoma cells

Absent to multiple

Absent to extensive

2See references Kimura et al'’ and Fardeau et al®® for the largest surveys of clinical manifestations of PVRL.
Quantitative cell and haze counts use terminology from the SUN workshop. See reference Jabs et al.4?

vitreous biopsy can help justify a full oncologic work-up
rather than a simple MRI of the brain with contrast to
make sure there is no obvious CNS disease. Nonetheless,
once the diagnosis has been suspected, most
ophthalmologists will feel uncomfortable following the
patient unless the MRI is normal especially if biopsy
results are inconclusive.

Cassoux et al'> have proposed using anterior
chamber tap for IL-10 determination as a screening
test to determine whether vitreous biopsy is indicated.
A cutoff value of 50 pg/ml IL-10 in aqueous humor
yielded 0.89 sensitivity and 0.93 specificity for lymphoma
in a series of 51 lymphoma patients and 108 uveitis
controls.'? Sensitivity of 0.8 and specificity of 0.99 were
achieved with a cutoff value of 400 pg/ml IL-10 in
vitreous humor in the same series. Mochizuki and
colleagues?! replicated their work in a case-control study
using the IL-10:1L-6 ratio as a diagnostic rather than
screening test in which vitreous IL-10 levels >100 pg/ml
and an IL-10:IL-6 ratio of >1 were considered positive
for lymphoma. The sensitivity, specificity, positive
predictive value, and negative predictive value in this
study were 0.818, 1.000, 1.000, and 0.714, respectively,
indicating that a negative IL-10 assay does not exclude
lymphoma.*! An IL-10:1L-6 ratio >1 was reported
in 53 of 60 lymphoma patients (88%) by Chan and
colleagues.!! A collaborative Japanese study among 25
ophthalmology departments confirmed an IL-10:1L-6
ratio of >1 in 133 of 145 patients (91.7%) with intraocular
lymphoma.!©

Oncologists generally require cytologic evidence of
malignant lymphocytes on vitreous biopsy before ocular
treatment. The classic description is atypical lymphoid
cells with large irregular nuclei, scanty cytoplasm, and
prominent nucleoli.>® Although the appearance of the
cells is straightforward, cytologic diagnosis remains
challenging. For example, the large Japanese study cited
above had positive cytologic diagnoses in only 73 of 164
(44.5%) patients.!? Cells recovered often seem far fewer
than predicted based on the presurgical ophthalmoscopy.
Some of the intraocular cells may be dead or damaged in
transit or have poor cytomorphology. Direct aspiration
through 21-gauge large bore needles,*? and vitrectomy
with 20-gauge vitrectors’ or 25-gauge vitrectors*?
produces adequate specimens for morphologic
diagnosis. Rapid processing within 1h after acquisition
has been recommended.? If transport is required to a
remote pathology unit, transport medium may help
preserve cellular morphology.>** Consultation with the
pathologist in advance of sending the specimen is highly
recommended.

Immunohistochemical staining of cytologic slides is
useful to enhance detection of B-cell lymphomas.>8
Typically, the selected stains are CD20, a B-cell marker;
and kappa and lambda light chains. The strategy fails in
intraocular T-cell lymphomas (which are rare) and in
B-cell lymphomas that are too poorly differentiated to
express CD20 or light chains on the cell surface.*> In
addition, large numbers of reactive T cells may obscure
the malignant B-cell component.*®
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Flow cytometry permits the use of larger numbers of
cell surface markers and a more complete profiling of the
cell surface markers of the intraocular cells.?*>47
For example, most diffuse large B-cell intraocular
lymphomas do not express CD10, which distinguishes
them from extramarginal zone lymphomas (MALT
lymphomas), which typically affect the ocular adnexae
rather than the intraocular compartment.#” Inclusion of
more cell surface markers, especially T-cell markers and
activation markers, helps differentiate uveitis from
lymphoma. This is especially true for the CD4 : CD8 ratio,
which is elevated in vitreous from uveitis patients.>*
Kojima et al*8 reported significantly higher CD4:CD8
ratios in vitreous than in blood among sarcoid uveitis
patients and also significantly higher CD4: CDS8 ratios
compared with patients with other types of uveitis.

A typical vitreous flow cytometric panel includes a
general leukocyte marker CD45; T-cell markers CD2,
CD3, CD4, CD5, CD7, CD8; B-cell markers CD19, CD20,
CD22; kappa and lambda light-chain markers; CD10;
CD14 macrophage/monocyte lineage; and HLA-DR,
CD25, CD69 activation markers. A ratio of
kappa:lambda of >3 or <0.6 is useful as a marker for
clonality as the usual ratio in heterogeneous
inflammatory reactions is close to 1.° There are
drawbacks to this technique. Flow cytometry displays a
statistical distribution of cell types that is more accurate
with larger numbers of cells than can be obtained with
vitrectomy. In addition, an expert operator is required to
gate the cells to produce meaningful displays.*’

Flow cytometry has enabled the observation that cells
with immunologic activation markers were common in
vitreous specimens from B-cell lymphoma and T-cell
lymphomas, as well as uveitis.*> Statistical differences in
the percentage of activated cells among these groups
could not be demonstrated. In addition, abundant T cells
were present in all three types of vitreous infiltrates,
although they were present in statistically higher
percentages in uveitis and T-cell lymphomas.*® Reactive
T cells in B-cell lymphoma were first recognized by
Kennerdell et al®? in 1975 and seem to be a protective
mechanism although no clinical correlations have been
drawn between ophthalmic presentations or prognosis,
and increased reactive lymphocytes. Greater use of flow
cytometry might permit enough data to be collected to
make such correlations.

The observation that tumor infiltrating lymphocytes
expanded in vitro to react with cutaneous melanoma
antigens can enter the eye and produce a uveitis that
resembles Vogt-Koyanagi-Harada is an example of at
least one situation in which an immunologic tumor
response produces a uveitis.’® The implications is that
one of the reasons that lymphoma may so often be
confused with uveitis is that it is a uveitis as well in that

Eye

it is a host reaction against tumor antigens inside the eye.
Large numbers of reactive T cells can produce a
phenotype of T-cell enriched B-cell lymphomas in the eye
or brain.?35! Diagnosis is often markedly delayed in such
cases because the expected B-cell phenotype is masked
by inflammation.3?

Polymerase chain reaction (PCR) based assays detect a
clonally expanded population of lymphocytes by
demonstration of one or two identically sized PCR
products after amplification and gel electrophoresis.!!
Primers target the complementarity defining regions of
the variable region of the immunoglobulin heavy chain
(IgH) or the T-cell receptor gamma (TCR).?? In the case of
B-cell lymphoma, the Japanese collaboration reported
positive gene rearrangements in 54 of 67 patients
(80.6%).1° Only gene rearrangements in the
immunoglobulin gene were performed. Chan and
colleagues!! found either IgH or TCR gene
rearrangements in 100% of 114 intraocular lymphoma
patients. Cells were collected by microdissection of
abnormal lymphocytes from glass slides; sampling of too
few cells could lead to a false-positive result. In
Hochberg and colleagues® study of 17 patients, gene
rearrangement had a higher sensitivity (0.64) for the
detection of intraocular lymphoma than cytology or flow
cytometry. A smaller study reported 6 of 7 samples of
intraocular B-cell lymphoma with rearrangements of the
kappa light chain.*®

A comprehensive review of diagnostic techniques and
yields was published in 2007.” Yields of the various
techniques in institutional series are difficult to compare
because of biases introduced by clinical case selection.
Multiple techniques are usually recommended. Table 3
summarizes the consensus recommendations of three
panels of experts concerning diagnostic testing in
intraocular and CNS lymphoma.

Treatment

Randomized-controlled clinical trials have not been
performed for PVRL and are unlikely. Published
recommendations from the International Primary Central
Nervous System Lymphoma Collaborative Group (IPCG)
symposium on PVRL? and from the British Neuro-
Oncology Society (NCAT Rare Tumor Guidelines,

June 2011, http:/ /www.bnos.org.uk) differ in
recommendations for the management of PVRL without
concomitant brain lymphoma. The IPCG symposium on
PVRL specifies local treatment for uniocular disease and
either local treatment only or systemic chemotherapy
with local treatment for bilateral ocular disease, whereas
the British guidelines specify systemic chemotherapy
incorporating high-dose methotrexate with whole-globe
irradiation for ocular only disease. Table 3 summarizes


http://www.bnos.org.uk
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Table 3 Recommendations for diagnosis and treatment of intraocular lymphoma by British Neuro-Oncology Society, International
PCNSL Collaborative Group for primary vitreoretinal lymphoma, and National Comprehensive Cancer Network (USA)

British Neuro-Oncology Society® IPCG for PVRL?

National Comprehensive Cancer Network®

Diagnosis
Examination of anterior chamber,
vitreous and ocular fundus as part of
screening in PCNSL
Biopsy in centers with access to
qualified ophthalmic pathology.
Cytology, flow cytometry, and gene
rearrangement for diagnosis
Avoid corticosteroids before biopsy

ocular presentations

studies.
Not mentioned

Biopsy of any intraocular lesions

Treatment
Concurrent or ocular only disease
treated with high-dose methotrexate
followed by irradiation of both globes

MRI and CSF examination in cases with

Cytology and immunohistochemistry
preferred. IL-10:1L-6 ratio listed as
adjunct. Microdissection before PCR

Intraocular lesions not biopsied if brain
or CSF biopsy confirms lymphoma

Ocular only disease treated locally with
intravitreal chemotherapy or irradiation.
Concurrent disease treated with

Eye exam if MRI suggestive of lymphoma*

Cytology, flow cytometry, and possible gene
rearrangement of tissue sampled®

Hold corticosteroids before diagnostic
procedures if possible

Biopsy of eye if eye exam suggests
lymphoma. Defer brain biopsy if CSF or eye
biopsy is positive. Use least invasive biopsy
method?

Concurrent disease treated with high-dose
methotrexate with intraocular
chemotherapy or ocular irradiation®

systemic chemotherapy plus local

therapy.
Intravitreal methotrexate effective
treatment option for isolated ocular

recurrences treatment

Intravitreal methotrexate acceptable for
primary treatment and local only

Ocular only disease or ocular relapse not
mentioned

? British Neuro-Oncology Society/NCAT Rare Tumor Guidelines (June 2011). Available at http://www.bnos.org.uk

P Report from International PCNSL Collaborative Group Symposium on PVRL, held on 12 March 2010, Orlando, FL, USA. See reference Chan et al.?
“National Comprehensive Cancer Network (USA) available at http://www.ncen.org/index.asp. Downloadable PDF accessed on 9 September 2012.
9 Recommendations are a uniform consensus among a panel of experts using lower level evidence (2A).

¢Recommendations are a consensus among a panel of experts using lower level evidence (2B).

recommendations relevant to treatment of intraocular
disease from these two groups and from a third
consensus group composed of 21 cancer centers in the
United States (http://www.nccn.org).

It is unclear if treatment of ocular only disease
improves outcomes. In one retrospective study,

17 patients treated for ocular only disease with
chemotherapy and/or irradiation lived an average of
60 months after onset of ocular symptoms until death
compared with 35 months for 14 patients who were
treated only after CNS disease developed.'® Observations
of treatment outcomes in 176 patients with PCNSL with
ocular dissemination were collected retrospectively by
the IPCG in 2008.1° Seventy-nine were treated with
ocular irradiation and 22 with intravitreal methotrexate.
Ocular treatment extended the time to progression, but
not survival time, and it did not reduce the risk of ocular
recurrence.

Ocular irradiation carries risks of cataract formation,
radiation retinopathy, or optic neuropathy but is the
preferred ocular treatment in many centers.13%4
Intravitreal chemotherapy with methotrexate 400 ug in

0.1ml in an intensive induction-consolidation-
maintenance regimen of 25 injections delivered over
1 year is used to avoid radiation complications but
carries risks of keratopathy and maculopathy, as well as
drug resistance.'>!” Claims of therapeutic superiority of
radiation over intraocular chemotherapy have not been
made. Fewer intravitreal injections® and more widely
spaced injections®® have been advocated to increase the
acceptability of intraocular chemotherapy (Figure 5). The
BNOS guidelines limit intravitreal methotrexate to
salvage therapy after failure of radiation therapy and
systemic chemotherapy (Table 3). Rituximab has been
proposed as an alternative to methotrexate with the idea
that it may be a less toxic alternative.'®

Treatment of ocular only disease is likely complicated
by presentation to vitreoretinal specialists or uveitis
specialists rather than to ocular oncologists. PVRL
patients are less likely to be presented to Tumor Boards
and the relationship between the ophthalmologist and
the oncologist is often a new one. Excellent
communication and description of ocular findings and
the results of tests on ocular fluid is helpful but most
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Figure 5 Initial response to intravitreal methotrexate in a patient with PVRL who has not received prior treatment with
corticosteroids, systemic chemotherapy, or ocular irradiation. Left, a large retinal infiltrate developed in a patient status post diagnostic
vitrectomy showing B-cell predominance on flow cytometry but untreated by the hemato-oncologic consultant. Top right, spectral
domain OCT through the infiltrated area on the day of injection (baseline). There are heavy deposits under the RPE and retina. The
segmentation line is improperly drawn: Bruch’s membrane corresponds to the smooth white line just anterior to the choroidal vessels.
Bottom right, spectral domain OCT 2-weeks after intravitreal methotrexate injection 400 pg in 0.1 ml. There is dramatic resolution of the
cellular deposits. The gray segmentation line is properly drawn along Bruch’s membrane. Overall thickness is markedly reduced.

oncologists are reluctant to treat systemically without
cytologic evidence of malignant disease. The
ophthalmologist could apply intravitreal therapy or refer
directly to the radiotherapist. In both cases continued
observation and comanagement with the oncologist or
neuro-oncologist is advised because of the high
likelihood of eventual CNS disease.

Future directions

Advances in PVRL will rely on translational research to
bridge gaps in diagnosis and treatment.”” Management
of intraocular lymphoma is already highly invested in
molecular strategies such as PCR detection of
monoclonality, characterization of cell surface markers
and cytokine proﬁling.11 Further extensive molecular
characterization of tumor cells from individual patients
may help elucidate pathogenesis and predict clinical
behavior.”® Improved chemotherapeutic regimens
incorporating systemic rituximab and cytarabine may
improve the prognosis of brain lymphoma.”
Confirmation that PVRL is a manifestation of an occult,
multicentric lymphoma would lead to aggressive
systemic treatment for ocular only cases presenting
without obvious CNS disease.
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