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7.1 Introduction

Primary lymphoma of the central nervous system
(CNS) is considered a variant of extra-nodal non-
Hodgkin’s lymphoma (NHL), a high-grade B-cell
malignancy associated with a median survival rang-
ing from one to 8§ years depending on factors such
as age and Karnofsky performance status [1].
Primary CNS lymphoma (PCNSL) originates in the
brain parenchyma, spinal cord, leptomeninges, and
eyes [2]. Formerly used descriptors such as “reticu-
lum cell sarcoma” and “microgliomatosis” are no
longer preferred as both misleadingly imply that the
lymphoma arises from transformed reticulum or
microglial cells. Primary intraocular lymphoma
(PCNSL-O) is a variant of PCNSL with predomi-
nantly ophthalmic involvement. As vitreoretinal
manifestations are the dominant feature, the term
primary vitreoretinal lymphoma (PVRL) is com-
monly used. In contrast, other forms of ocular lym-
phoma typically affect the adnexal structures or
uveal tract. The distinction is important as uveal and
ocular adnexal lymphoma are usually low-grade,
indolent, B-cell lymphomas that behave similarly to
extra-nodal marginal zone lymphoma (EMZL)
found elsewhere in the body [3].
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7.2  Pathogenesis

PCNSL is believed to originate from late-germinal
center or post-germinal center lymphoid cells; how-
ever the neurotropic mechanism by which these
cells localize to the CNS remains uncertain [4].
As the CNS and eyes lack lymphatics and lymph
nodes, it has been hypothesized that the trafficking
of lymphoma cells from the brain to the eye and
vice versa involves either invasion of the optic
nerve, seeding through shared venous drainage of
the brain and eye, or common integrin expression of
both organs [2, 4].

There are no known risk factors in immuno-
competent individuals; however congenital
immunodeficiency and iatrogenic or acquired
immunosuppression (AIDS) are risk factors for
PCNSL [5, 6]. PCNSL develops in as many as
6 % of patients with AIDS [7, 8]. Epstein-Barr
virus infection of B lymphocytes in the absence
of T suppressor function (due to immunosuppres-
sion) leads to an uncontrolled lymphocytic pro-
liferation. Rare cases of PCNSL may be
secondary to human T-cell lymphotropic virus
type 1 (HTLV-1) infection [9]. The vast majority
of PCNSL are diffuse large B-cell immunoblastic
lymphoma [10, 11]. In contrast, PCNSL arising
in T cells are composed of small-sized lympho-
cytes [12].

7.3  Clinical Features

Overall, PCNSL represents about 1-2 % of all
cases of lymphoma and 3-5 % of all primary
CNS tumors [13—15]. The age-adjusted incidence
of PCNSL is approximately 4.8 per million popu-
lation in the United States [13]. Until a few
decades ago, this tumor was best known among
patients with AIDS as a manifestation of late-
stage disease. With the advent of highly active
antiretroviral therapy, the incidence has decreased
significantly in this population [16]. However,
the incidence among immunocompetent patients
has been rising for unclear reasons, although it
still remains a rare disease [13]. While PVRL is

frequently seen in the setting of PCNSL, the
exact incidence is unknown due to the paucity of
cases. Between 1999 and 2002, approximately
100 new cases of PVRL were reported in the
United States [17].

Among immunocompetent individuals, the
peak incidence of PCNSL occurs between the
fifth and seventh decades, with a mean age of
60 years at diagnosis [18, 19]. In the immuno-
compromised population, PVRL occurs in
younger individuals [20-22]. Intraocular involve-
ment may precede, occur simultaneously, or fol-
low the CNS disease. In general, intraocular
involvement is the presenting feature in PVRL,
and subsequent CNS involvement develops in
56-85 % of patients over a period of many
months to several years [18, 23, 24]. Conversely,
about 25 % of patients with PCNSL have concur-
rent intraocular involvement [10].

7.3.1 Symptoms

7.3.1.1 Ophthalmic

Patients may be asymptomatic, but up to 50 %
present with painless blurred vision, floaters, or
both [19, 25]. Bilateral involvement occurs in
up to 80 % of cases and is typically asymmetric
[24]. Asymptomatic individuals may be diag-
nosed at the time of ophthalmic screening in the
setting of known PCNSL [24]. Owing to the
nonspecific nature of the ophthalmic manifesta-
tions, a diagnosis of PVRL is difficult to make
on clinical grounds alone, and a delay in diag-
nosis is common. A delay of up to 2 years
between the initial presentation and histopatho-
logic confirmation of the PVRL has been
reported [23, 25].

7.3.1.2 Central Nervous System

Brain, spinal cord, and meninges either sepa-
rately or in various combinations can be involved.
Solitary involvement of the spinal cord is rarely
seen. Personality changes are a common present-
ing feature because the frontal lobe is the most
frequently involved region of the brain. Seizures
are an uncommon feature.
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Fig. 7.1 Slit-lamp photograph showing keratic precipitates (a), vitreous cells (b, retroillumination), and creamy sub-
retinal pigment epithelial infiltrates (¢, fundus appearance and d, optical coherence tomography)

7.3.2 Signs

7.3.2.1 Ophthalmic

The anterior segment findings of PVRL are non-
specific and include keratic precipitates, aqueous
cells, and aqueous flare suggestive of inflamma-
tion (Fig. 7.1) [25]. The hallmark feature is
vitreous cells (50 %), combined anterior and
vitreous cells (22 %), and chorioretinitis or sub-
retinal pigment epithelial infiltrates (18 %) [23].
The presence of clumps of cells in the vitreous is a
common finding. Multifocal or diffuse chorioreti-
nal infiltrates may be seen with or without vitreous

cells. Multifocal subretinal pigment epithelial
infiltrates are considered to be pathognomonic
(Box 7.1) [26]. Rare findings include perivasculi-
tis, retinal artery occlusion, optic atrophy, and exu-
dative retinal detachment [18, 27-30].

7.3.2.2 Diagnostic Findings of PCNSL-O
(Box 7.1)

e Clumps of cells in the vitreous.
e Multifocal or diffuse chorioretinal infil-
trates with or without vitreous cells.
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» Multifocal subretinal pigment epithelial infil-
trates are considered to be pathognomonic.

* Rare findings include choroidal mass,
perivasculitis, retinal artery occlusion,
and exudative retinal detachment.

» Keratic precipitates, aqueous cells, aque-
ous flare, and cystoid macular edema are
suggestive of inflammation.

7.3.2.3 Central Nervous System

Unlike PVRL, PCNSL is a rapidly growing
tumor; the diagnosis is frequently made within a
few months of the onset of symptoms. The lesions
in the CNS tend to be periventricular in location,
thus allowing access to cerebrospinal fluid (CSF)
and meninges. An associated meningeal involve-
ment is present in approximately 40 % of cases.
Brain lesions can be multifocal, particularly in
immunosuppressed individuals.

7.4 Diagnostic Evaluation

Diagnostic evaluation should begin with a thor-
ough history focused on ocular symptoms,
changes in cognitive functioning, neurological
deficits, and risk factors for immunosuppres-
sion. A complete ophthalmic examination of
both the anterior and posterior segment is
required to assess disease extent and laterality.
In the setting of existing PCNSL, the diagnosis
of PVRL is straightforward and biopsy of an
ophthalmic site is unnecessary if the clinical
findings are typical.

The relationship between PVRL and PCNSL
is variable with intraocular involvement preced-
ing, occurring simultaneously, or following
CNS manifestations. It is therefore imperative
that all cases of PVRL should be thoroughly
evaluated by a medical oncologist to exclude
CNS involvement at the initial diagnosis and
periodically thereafter (Fig. 7.2). Conversely,
periodic ophthalmic examinations should be
part of the diagnostic evaluation and subsequent
management of individuals diagnosed with
PCNSL.

Fig. 7.2 Tl-weighted MRI scan of the brain with gado-
linium, showing a diffusely enhancing area in the left
frontal lobe (Reproduced with permission from Singh
etal. [5])

7.4.1 Ophthalmic

In the absence of known PCNSL, the diagnosis of
PVRL is based upon clinical, histopathological,
and cytological features. Biopsy should be con-
sidered in middle-aged or elderly patients with
“idiopathic” unilateral or bilateral recurrent uve-
itis, particularly cases that are unresponsive to
steroids. Several diagnostic techniques exist
including vitreous, retinal, and subretinal biopsy.
Neoplastic cells can be identified by an
experienced cytologist, using an array of tech-
niques such as liquid-based cytology, cytospin,
and cell block preparations stained with modified
Papanicolaou, Giemsa, or standard hematoxylin
and eosin stains (Fig. 7.3). Proper and rapid han-
dling of vitreous samples is a must, as aspirates
are generally of low cellularity and neoplastic
cells undergo rapid lysis.

Most commonly, diagnostic 23-gauge pars
plana vitrectomy is performed. It is recom-
mended that an undiluted vitreous sample of
about 1-2 ml be collected prior to starting the
infusion during vitrectomy [5]. Following
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Fig.7.3 Schema for
analysis of vitreous samples
for suspected lymphoma.
Initial undiluted vitreous
specimen (about 1 ml) is
processed by ThinPrep for
liquid-based cytology
because it preserves the
cellular details. The diluted
vitreous sample is divided
into four portions for
cytospin, cellblock, and flow

Thin prep

Vitrectomy

O\

Undiluted

1ml Diluted

~

cytometry. Gene rearrange-
ment studies are performed Cytospin

PCR: Gene
Rearrangement

Flow

Cell block
cytometry

if the flow cytometry results ¥
are equivocal (Derived from

Y

Rishi et al. [33])

Immunohistochemistry

Immunohistochemistry

Limited lymphoma
Panel : CD 19, 20, 22

collection of the first sample, the infusion fluid is
started, and a second diluted specimen is
obtained using gentle vitreous cutting [31].
Some centers submit the vitreous cassette to
pathology as a third sample [32]. Biopsy speci-
mens should be delivered to the laboratory, with-
out fixative, within 1 h of surgery [33, 34]. It is
not uncommon for multiple vitreous biopsies to
be performed before a definitive diagnosis is
established. There is recent interest in using
25-gauge sutureless vitrectomy for diagnostic
purposes, and these techniques may improve
patient comfort and decrease operative times.
This technique has been used with success in
some centers [32].

In the presence of chorioretinal lesions, a
chorioretinal or retinal biopsy may be required [11].
Using a standard three-port pars plana vitrectomy,
an initial core vitrectomy is performed allowing
access to the subretinal infiltrate. Vitreous sepa-
ration is induced and thorough vitrectomy is per-
formed overlying the biopsy site. A retinectomy
large enough to allow entrance of the vitreous cut-
ter and suction tubing is created. With gentle cut-
ting, several samples are obtained [35]. Subretinal
aspirates should be placed in a mild cytofixative,
such as herpes-glutamic acid buffer-mediated
organic solvent protection effect (H.O.P.E.) fixative
or Cytolyt (Cytyc) [34].

N

| Conclusive | |

Equivocal

Approximately 73 % of PVRL cases are diffuse
large B-cell lymphomas with characteristic histo-
logic and cytologic features [36]. Tumor cells are
two to four times larger than normal lymphocytes,
pleomorphic, and have scant cytoplasm [37]. The
nuclei may be round, oval, or indented, with
conspicuous nuclear membranes, occasional
fingerlike protrusions, and multiple, prominent,
eccentrically located nucleoli (Fig. 7.4). Mitoses
are frequently observed [19]. With the use of elec-
tron microscopy, intranuclear inclusions, cytoplas-
mic crystalloids, and pseudopodal extensions of
the cytoplasm, cytosomes, and autophagic vacu-
oles can be identified [38].

Due to the limited number of cells avail-
able for evaluation, it is often difficult to reach
a conclusive diagnosis based solely on cytopa-
thological findings. Ancillary histopathologic
techniques include immunohistochemistry and
flow cytometry to determine immunophenotypes
of lymphocytes, gene rearrangement studies using
polymerase chain reaction (PCR), and determina-
tion of interleukin levels. Greater than 1.0 ratio of
interleukin-10 and interleukin-6 has been consid-
ered as an indicator of PVRL [39, 40]. However,
the clinical utility of determining the interleu-
kin ratio is not clearly established, as cases with
PVRL with low interleukin ratios have also been
reported [41]. PCR-based tests are used to detect
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Fig. 7.4 Vitrectomy sample
containing large atypical
lymphocytes, necrotic
lymphoid cells, and nuclear
debris. Inset shows
characteristic nuclear
membrane protrusions

and a prominent nucleolus
(main figure, Millipore filter,
hematoxylin and eosin,
original magnification
A~250) (Courtesy of RC
Eagle Jr, MD) (Reproduced
with permission from

Singh et al. [5])

monoclonal proliferation of B lymphocytes,
clonal heavy chain immunoglobulin gene rear-
rangement, bcl-2 gene translocation, and T-cell
gene rearrangements [11, 42, 43].

7.4.2 Central Nervous System

Cranio-spinal magnetic resonance imaging (MRI)
with gadolinium is the diagnostic procedure of
choice. Cranial lesions appear as multiple isoin-
tense nodules on T1-MRI and demonstrate charac-
teristic dense and diffuse contrast enhancement
(Fig. 7.2). Meningeal enhancement with gadolin-
ium is indicative of meningeal involvement. Many
centers also perform CT scans of the chest, abdo-
men, and pelvis to exclude systemic involvement
or systemic origin of the CNS involvement.
Cerebrospinal fluid sampling should be performed
in every patient with suspected or confirmed
PCNSL. Testicular ultrasound examination is rec-
ommended in elderly patients because of frequent
CNS involvement in testicular lymphomas.
Demonstration of malignant lymphocytes in
the CSF is confirmatory for the diagnosis of
PCNSL. The CSF shows lymphocytic pleocyto-

sis, raised protein concentration, and normal or
low glucose concentration. Visceral involvement
is rare at the initial diagnosis but is not uncom-
mon in the terminal stages.

7.5 Differential Diagnosis

In general, all causes of chronic posterior uveitis
such as syphilis, sarcoidosis, tuberculosis, and
Whipple’s disease should be considered in the
differential diagnosis. Syphilitic uveitis is a late
disease manifestation and may be preceded by
dermatologic signs (chancre or rash) and constitu-
tional flu-like symptoms. Ocular syphilis is highly
suggestive of CNS involvement and requires
systemic therapy. Whipple’s disease is a rare,
multiorgan infection caused by the bacterium
Tropheryma whipplei. Middle-aged Caucasian
men in the United States and continental Europe
are most frequently affected [44, 45]. While com-
mon symptoms include weight loss, diarrhea,
polyarthralgia, and abdominal pain, extraintesti-
nal manifestations including chronic uveitis can
occur. Definitive diagnosis is based upon PCR of
vitreous samples.
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Fig. 7.5 Vitreous amyloidosis can mimic the clinical appearance of vitreoretinal lymphoma (a). The vitreous deposits
are amorphous, predominantly in the posterior vitreous and overlying the posterior pole (b)

Fig. 7.6 The right optic disc, surrounding retina, and
perivascular areas show inflammatory infiltrates in a
patient with HTLV-1 retinitis (a). Following vitrectomy

Vitreous amyloidosis can also mimic the
clinical appearance of PVRL (Fig. 7.5). This
rare entity is usually observed in the setting of
systemic amyloidosis, although localized ocu-
lar involvement is known to occur [46].
Vitreous involvement appears to be linked to
the hereditary neuropathies associated with
mutation of amyloid protein transthyretin
(TTR) [47-49]. Definitive diagnosis is made
by vitreous biopsy. The specimen reveals an
acellular mix of fibrillar aggregates and focal

6 weeks from initial photographs, the perivascular infil-
trates are seen more distinctly (b). (Reproduced with per-
mission from Agarwal et al. [50])

rosettes. The sample displays metachromatic
properties under polarized light when stained
with Congo red and toluidine blue, consistent
with amyloidosis [46]. Treatment in symptom-
atic patients consists of total vitrectomy in
combination with phacoemulsification and
intraocular lens implantation.

Retinal lymphoma in the setting of adult T-cell
leukemia/lymphoma (ATL) secondary to HTLV-1
infection may present with retinal vasculitis, reti-
nal infiltration, and disc edema (Fig. 7.6) [50].
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Retinal biopsy with subsequent light microscopy
evaluation, immunophenotypic studies, and PCR
to detect clonal T-cell receptor gene rearrangement
may be required for definitive diagnosis [51, 52].
Infiltrative choroidal lesions such as meta-
static tumors and amelanotic melanomas can also
mimic PVRL. HIV infection predisposes to both
opportunistic infections and PVRL; therefore,
in an immunosuppressed patient, disseminated
choroiditis due to Nocardia chorioretinitis and
Pneumocystis choroiditis should be excluded.
When the retina and the vitreous are involved,
consideration must be given to entities such as
viral or fungal retinitis, acute retinal necrosis
syndrome, and toxoplasmosis. Multifocal subep-
ithelial lesions of PVRL should be differentiated
from diffuse unilateral subacute neuroretinitis,
birdshot retinochoroidopathy, multifocal choroi-
ditis, multiple evanescent white-dot syndrome,
and punctate inner choroidopathy. When peri-
vascular infiltrates are present, ocular sarcoid-
osis and retinal vasculitides must be considered.
Patients with systemic lymphomas not arising in
the CNS, who develop retinal infiltrates, are more
likely to have a superimposed viral or fungal reti-
nitis rather than an intraocular lymphoma [53].

7.6 Treatment

As PCNSL is very sensitive to corticosteroids,
treatment with corticosteroids should be with-
held in suspected cases until tissue diagnosis is
obtained. The treatment of PCNSL has evolved
in the last two decades, and there is a general
consensus that regimens containing high-dose
methotrexate, with or without whole-brain radi-
ation therapy (WBRT), yield better response
rates and outcomes than regimens that do not
contain high-dose methotrexate. A schema out-
lining our current approach of management is
shown (Fig. 7.7).

7.6.1 Ophthalmic Treatment

Management of PVRL should be undertaken in
partnership with an oncologist who has an
expertise in lymphoma. As a high percentage of

PCNSL-O

N

MRI of head with

Lumbar puncture

contrast
CNS CNS
positive negative
HD-MTX

based regimen Ocular radiotherapy

Ocular radiotherapy

Intravitreal MTX

WBRT
Only for relapse HD-MTX

Fig. 7.7 Schema outlining our current approach of man-
agement of patients with PCNSL-O. HD-MTX, high-dose
methotrexate; WBRT, whole-brain radiation therapy

patients with PVRL eventually develop CNS
involvement, some experts recommend that the
treatment goal for PVRL must be to eradicate the
ocular disease and prevent subsequent CNS
involvement. Others favor local therapy for dis-
ease confined to the eye with close follow-up and
systemic therapy if evidence of CNS disease
develops.

7.6.1.1 Local Therapy for PVRL

Local therapies for PVRL include ocular radia-
tion and intravitreal chemotherapy. There has
been no trial that has compared these therapies
head to head. At the present time, some experts
prefer intravitreal chemotherapy while others
recommend ocular radiation as first-line therapy.
Traditional therapy with ocular radiation (35—
40 Gy in~15 divided fractions) controls ocular
involvement in the majority of cases [54], but
most progress to develop CNS disease
(Fig. 7.8) [24]. Irradiation of both eyes (because
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Fig. 7.8 Fundus photograph of the left eye demonstrat-
ing multiple creamy subretinal pigment epithelial depos-
its (a). Regression of the subretinal tumors following

external beam radiotherapy (b, 45 Gy) (Courtesy of
S. Seregard, MD.) (Reproduced with permission from
Singh et al. [50])

Fig.7.9 Fundus appearance before (a) and after 3 months (induction and consolidation) of treatment with intravitreal
methotrexate (b). Note dramatic clearance of vitreous cells

of the high incidence of bilaterality) should be
strongly considered for patients with proven
PVRL. Since radiation therapy to the brain may
have significant side effects, its use for prophy-
laxis in patients without proven CNS involve-
ment is not advisable.

Intravitreal methotrexate as an initial treat-
ment, or for those with recurrence following
ocular radiation therapy, has been investigated
in a small number of patients with encourag-
ing results (Fig. 7.9; Table 7.1) [5]. In a study

involving 16 patients, intravitreal methotrexate
(400 pg/0.1 ml) according to a standard induc-
tion—consolidation—maintenance regimen was
given over a period of 1 year [55]. All patients
showed initial tumor control after a maximum
of 12 methotrexate injections, but three patients
relapsed. The median follow-up was 18.5 months
(range 6-35 months). Complications included
cataract (73 %), corneal epitheliopathy (58 %),
maculopathy (42 %), and vitreous hemorrhage
(8 %). No patient had irreversible loss of vision.
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Recently, Frenkel and colleagues reported their
experience with intravitreal methotrexate in the
largest series to date. They demonstrated clini-
cal remission after a mean of 6.4+3.4 (range,
2-16) injections of methotrexate, in 44 eyes of 26
patients with PVRL [56]. Intravitreal rituximab
has been shown to penetrate the entire retina, and
in recent times there has been interest in explor-
ing its role in PVRL. Small studies have dem-
onstrated the activity of intravitreal rituximab
monotherapy for PVRL. There have been early
reports of efficacy of combination of intravitreal
methotrexate and rituximab, and this combina-
tion remains investigational [57]. This combi-
nation approach is attractive as it may decrease
the need for multiple methotrexate injections and
may help in reducing toxicity.

7.6.1.2 Systemic Therapy for PVRL

Disease relapse in the CNS is a major issue, par-
ticularly after local treatment with ocular radio-
therapy or intravitreal chemotherapy. Systemic
chemotherapy offers the advantage of simulta-
neous treatment of both ocular and microscopic
intracranial disease (Table 7.1). High-dose
methotrexate forms the backbone of treatment
in PCNSL patients. Batchelor and colleagues
reported their experience in nine patients with
intraocular involvement of lymphoma treated
with methotrexate at 8 g/m? [58]. Potentially
cytotoxic, micromolar levels of methotrexate
were detectable in the aqueous and vitreous
humor in most patients. An intraocular response
was reported in seven patients, with complete
response (CR) in six and a partial response (PR)
in one. Efficacy of ifosfamide or trofosfamide
was assessed in a recent, prospective, single-
center study of ten patients with PVRL that were
treated with these therapies. There was a 100 %
response rate (nine CRs, one PR) observed that
resulted in a median overall survival (OS) of
32 months. Of the seven relapses seen in the
study, five were ocular and two occurred in
the CNS.

Unlike PCNSL, experience with combination
chemotherapy in PVRL is extremely limited.
Sandor and colleagues reported 100 % response
rate (11 CRs, three PRs), in 14 patients (five with

intraocular involvement) in patients treated with
a complex treatment regimen consisting of intra-
venous methotrexate, vincristine, and thiotepa as
well as intrathecal methotrexate and cytarabine.
Although a high initial response was seen, the
duration was limited and additional therapy was
required at relapse.

High-dose chemotherapy followed by stem-
cell transplantation has been studied in a lim-
ited number of trials that have included small
numbers of patients with ocular disease. These
studies have included both newly diagnosed
patients and patients with refractory or recur-
rent disease [59-61]. Although ocular response
has been reported with this aggressive approach,
high relapse rates along with observed toxici-
ties associated with stem-cell transplantation
make this approach investigational at the cur-
rent time.

In a report of 221 immunocompetent patients
with PCNSL and/or PVRL, Grimm and col-
leagues reported no difference in disease pro-
gression rates or OS in patients treated with local
therapy versus those who received systemic ther-
apies. The report, although the largest series
reported, was an uncontrolled, multicenter, and
retrospective study that utilized different treat-
ments depending on the preference of the treat-
ing physician [62]. Thus, as noted above, there is
no consensus on treatment of PVRL. An indi-
vidualized patient-specific approach should be
taken (Box 7.2).

7.6.1.3 Treatment options for PCNSL
(Box 7.2)

e External beam radiotherapy alone or
combined with systemic chemotherapy
has been used in treatment of PVRL.
Side effects include radiation retinopa-
thy and radiation maculopathy, and
there is risk of recurrence of PVRL and
PCNSL.

» Treatment options that include intravitreal
chemotherapy using methotrexate and/or
rituximab are increasingly been employed
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in controlling the PVRL and avoid the
side effects of EBRT. Major vision-threat-
ening side effects have not been reported
with intravitreal chemotherapy.

* Methotrexate-containing multiagent
chemotherapy regimens are the pre-
ferred therapy for treatment of central
nervous system disease. The timing
and dose of whole-brain radiotherapy
is unclear, given the significant risks
of late neurotoxic effects.

7.6.2 Central Nervous System

Until recently, whole-brain radiotherapy was
the mainstay of treatment, which improved the
median survival to about 12-18 months from
4 months in untreated patients [63]. In 1992, tri-
als using a combination of methotrexate-based
chemotherapy and radiotherapy first reported an
improved median survival of about 40 months
[63]. However, the combination of whole-brain
radiotherapy and chemotherapy is associated
with a significant risk of neurotoxicity in older
individuals [64]. Therefore, chemotherapy alone

Fig. 7.10 Color photographs of left fundus from two
patients with primary central nervous system lymphoma
treated with blood-brain barrier disruption therapy demon-
strating the spectrum of hyperpigmentation and retinal pig-
ment epithelium (RPE) loss within the macula. (a) Mild

and moderate severity (b). Four months after completion of
treatment (patient b), note progression of retinal pigment
epithelium changes(c). Optical coherence tomography
showing irregular thickening of the retinal pigment epithe-
lium (Reproduced with permission from Galor et al. [66])
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is the initial treatment of choice in older individu-
als (60 years) [63]. As the blood-brain barrier is a
limiting factor, which restricts drug entry into the
CNS, various strategies to circumvent the blood—
brain barrier have been evaluated. These include
the use of high doses of chemotherapy, intrathe-
cal drug delivery, intraventricular drug delivery
by a reservoir, and temporary disruption of the
blood-brain barrier (BBBD) with mannitol infu-
sion [63]. In a large multi-institutional experience
of 149 newly diagnosed PCNSL patients (with
no prior WBRT) that were treated with osmotic
BBBD and intra-arterial (IA) methotrexate, an
overall response rate of 82 % (58 % CR; 24 %
PR) was reported with a median PFS and OS of
1.8 and 3.1 years respectively [65]. Maculopathy
is an ocular complication associated with BBBD
with mannitol (Fig. 7.10) [66]. The characteristic
findings include RPE clumping in the macula and
hyperpigmentation in the foveal region associated
with variable RPE atrophy. Mannitol maculopa-
thy is typically bilateral but often asymmetric.
Unlike age-related wet macular degeneration,
there is absence of subretinal fluid or macular
edema. The maculopathy may progress, even
after completion of treatment.

In recent years high-dose methotrexate-
containing multiagent regimens have been com-
monly adopted as the preferred treatment option
for this disease entity. The timing and dose of
whole-brain radiotherapy is still unclear, given
the significant risks of late neurotoxic effects,
and there is a large ongoing cooperative group
study to evaluate the role of radiation in upfront
treatment of PCNSL [67].

7.7  Prognosis

Survival after whole-brain radiation therapy
ranges from 12 to 18 months. The survival
increases to an average of 36—48 months follow-
ing high-dose methotrexate-based chemotherapy
regimen alone or chemotherapy followed by
radiation [18, 23, 54]. Age less than 60 years at
diagnosis and high initial performance status are
well recognized favorable prognostic factors in
PCNSL [1, 68].The International Extranodal

Lymphoma Study Group also devised a prognos-
tic scoring system comprising of 5 variables
associated with poor prognosis that include age
greater than 60 years, Eastern Cooperative
Oncology Group performance status greater than
1, increased CSF protein level, increased serum
lactate dehydrogenase level, and tumor involve-
ment of the deep regions within the brain (basal
ganglia, periventricular regions, brain stem, or
cerebellum) [69]. Involvement of brain stem and
meninges implies an unfavorable prognosis [68].
Expression of p53, c-Myc, or Bcl-6 also suggests
a poor prognosis [70]. The presence or absence
of retinal involvement in the setting of existing
CNS disease is not a prognostic factor that influ-
ences survival [68].

7.8 Summary

Primary lymphoma of the central nervous sys-
tem (CNS) is considered a variant of extra-nodal
non-Hodgkin’s lymphoma (NHL), a high-grade
B-cell malignancy. There are no known risk fac-
tors in immunocompetent individuals; however
congenital immunodeficiency and iatrogenic or
acquired immunosuppression (AIDS) are risk
factors for PCNSL. Brain, spinal cord, and
meninges either separately or in various combi-
nations can be involved. Patients may be asymp-
tomatic, but up to 50 % present with painless
blurred vision, floaters, or both. The hallmark
diagnostic feature is vitreous cells (50 %), com-
bined anterior and vitreous cells (22 %), and
chorioretinitis, or subretinal pigment epithelial
infiltrates (18 %). Several diagnostic techniques
exist including vitreous, retinal, and subretinal
biopsy. There is a general consensus that regi-
mens containing high-dose methotrexate, with
or without whole-brain radiation therapy
(WBRT), yield better response rates and out-
comes than regimens that do not contain high-
dose methotrexate. Disease relapse in the CNS is
a major issue, particularly after local treatment
with ocular radiotherapy or intravitreal chemo-
therapy. Management should be undertaken in
partnership with an oncologist who has an exper-
tise in lymphoma.



88

M.S. Ahluwalia et al.

References

10.

11.

13.

16.

. Abrey LE, Ben-Porat L, Panageas KS, et al. Primary

central nervous system lymphoma: the Memorial
Sloan-Kettering Cancer Center prognostic model.
J Clin Oncol. 2006;24(36):5711-5.

. Pe’er J, Hochberg FH, Foster CS. Clinical review:

treatment of vitreoretinal lymphoma. Ocul Immunol
Inflamm. 2009;17(5):299-306.

. Bardenstein D. Orbital and adnexal lymphoma. In:

Singh AD, Damato BE, Pe’er J, et al., editors. Clinical
ophthalmic oncology. Philadelphia: Saunders-Elsevier;
2007.

. DeAngelis LM. Primary central nervous system lym-

phoma. Curr Opin Neurol. 1999;12(6):687-91.

. Singh AD, Lewis H, Schachat AP. Primary lymphoma

of the central nervous system. Ophthalmol Clin North
Am. 2005;18(1):199-207, x.

. Newell ME, Hoy JF, Cooper SG, et al. Human immu-

nodeficiency virus-related primary central nervous
system lymphoma: factors influencing survival in 111
patients. Cancer. 2004;100(12):2627-36.

. Stanton CA, Sloan 3rd B, Slusher MM, Greven CM.

Acquired immunodeficiency syndrome-related pri-
mary intraocular lymphoma. Arch Ophthalmol.
1992;110(11):1614-7.

. Mittra RA, Pulido JS, Hanson GA, et al. Primary ocu-

lar Epstein-Barr virus-associated non-Hodgkin’s lym-
phoma in a patient with AIDS: a clinicopathologic
report. Retina. 1999;19(1):45-50.

. Marshall AG, Pawson R, Thom M, et al. HTLV-I

associated primary CNS T-cell lymphoma. J Neurol
Sci. 1998;158(2):226-31.

Hochberg FH, Miller DC. Primary central nervous
system lymphoma. J Neurosurg. 1988;68(6):835-53.
Coupland SE, Bechrakis NE, Anastassiou G, et al.
Evaluation of vitrectomy specimens and chorioretinal
biopsies in the diagnosis of primary intraocular lym-
phoma in patients with Masquerade syndrome. Graefes
Arch Clin Exp Ophthalmol. 2003;241(10):860-70.

. Choi JS, Nam DH, Ko YH, et al. Primary central

nervous system lymphoma in Korea: comparison of B-
and T-cell lymphomas. Am J Surg Pathol. 2003;27(7):
919-28.

Olson JE, Janney CA, Rao RD, et al. The continuing
increase in the incidence of primary central nervous
system non-Hodgkin lymphoma: a surveillance, epide-
miology, and end results analysis. Cancer. 2002;95(7):
1504-10.

. Ahluwalia MS, Peereboom DM. Primary central ner-

vous system lymphoma. Curr Treat Options Neurol.
2010;12(4):347-59.

. Gerstner ER, Batchelor TT. Primary central nervous

system lymphoma. Arch Neurol. 2010;67(3):291-7.

Diamond C, Taylor TH, Aboumrad T, Anton-Culver
H. Changes in acquired immunodeficiency syndrome-
related non-Hodgkin lymphoma in the era of highly
active antiretroviral therapy: incidence, presentation,
treatment, and survival. Cancer. 2006;106(1):128-35.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Chan CC, Buggage RR, Nussenblatt RB. Intraocular
lymphoma. Curr Opin Ophthalmol. 2002;13(6):411-8.
Char DH, Ljung BM, Miller T, Phillips T. Primary
intraocular lymphoma (ocular reticulum cell sarcoma)
diagnosis and management. Ophthalmology. 1988;
95(5):625-30.

Whitcup SM, de Smet MD, Rubin BI, et al. Intraocular
lymphoma. Clinical and histopathologic diagnosis.
Ophthalmology. 1993;100(9):1399-406.

Babu K, Murthy KR, Krishnakumar S. Two succes-
sive ocular malignancies in the same eye of a HIV-
positive patient: a case report. Ocul Immunol Inflamm.
2010;18(2):101-3.

Mathai A, Lall A, Jain R, Pathengay A. Systemic non-
Hodgkin’s lymphoma masquerading as Vogt-
Koyanagi-Harada disease in an HIV-positive patient.
Clin Experiment Ophthalmol. 2006;34(3):280-2.
Rajagopal R, Harbour JW. Diagnostic testing and
treatment choices in primary vitreoretinal lymphoma.
Retina. 2011;31(3):435-40.

Freeman LN, Schachat AP, Knox DL, et al. Clinical
features, laboratory investigations, and survival in
ocular reticulum cell sarcoma. Ophthalmology.
1987;94(12):1631-9.

Peterson K, Gordon KB, Heinemann MH, DeAngelis
LM. The clinical spectrum of ocular lymphoma.
Cancer. 1993;72(3):843-9.

Akpek EK, Ahmed I, Hochberg FH, et al. Intraocular-
central nervous system lymphoma: clinical features,
diagnosis, and outcomes. Ophthalmology. 1999;106(9):
1805-10.

Gass JD, Sever RJ, Grizzard WS, et al. Multifocal
pigment epithelial detachments by reticulum cell sar-
coma. A characteristic funduscopic picture. Retina.
1984;4(3):135-43.

Gass JD, Trattler HL. Retinal artery obstruction and
atheromas associated with non-Hodgkin’s large cell
lymphoma (reticulum cell sarcoma). Arch Oph-
thalmol. 1991;109(8):1134-9.

Michelson JB, Michelson PE, Bordin GM, Chisari
FV. Ocular reticulum cell sarcoma. Presentation as
retinal detachment with demonstration of monoclonal
immunoglobulin light chains on the vitreous cells.
Arch Ophthalmol. 1981;99(8):1409-11.

Lang GK, Surer JL, Green WR, et al. Ocular reticulum
cell sarcoma. Clinicopathologic correlation of a case
with multifocal lesions. Retina. 1985;5(2):79-86.
Purvin V, Van Dyk HJ. Primary reticulum cell sarcoma
of the brain presenting as steroid-responsive optic neu-
ropathy. J Clin Neuroophthalmol. 1984;4(1):15-23.
Margolis R, Brasil OF, Lowder CY, et al. Vitrectomy
for the diagnosis and management of uveitis of
unknown cause. Ophthalmology. 2007;114(10):
1893-7.

Yeh S, Weichel ED, Faia LJ, et al. 25-Gauge transcon-
junctival sutureless vitrectomy for the diagnosis of
intraocular lymphoma. Br J Ophthalmol. 2010;94(5):
633-8.

Rishi K, Font RL, Chevez-Barrios P. Diagnostic yield
of liquid-based cytology, immunophenotyping and



Primary Central Nervous System and Retinal Lymphoma

89

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

molecular techniques in lymphomas and other entities
in vitrectomy specimens. Invest Ophthalmol Vis Sci.
2004:45:1072.

Coupland SE. Vitreous biopsy: specimen preparation
and interpretation. Monogr Clin Cytol. 2012;21:
61-71.

Bechrakis NE, Foerster MH, Bornfeld N. Biopsy in
indeterminate intraocular tumors. Ophthalmology.
2002;109(2):235-42.

Grimm SA, McCannel CA, Omuro AM, et al. Primary
CNS lymphoma with intraocular involvement:
International PCNSL Collaborative Group Report.
Neurology. 2008;71(17):1355-60.

Farkas T, Harbour JW, Davila RM. Cytologic diagno-
sis of intraocular lymphoma in vitreous aspirates.
Acta Cytol. 2004;48(4):487-91.

Kim EW, Zakov ZN, Albert DM, et al. Intraocular
reticulum cell sarcoma: a case report and literature
review. Albrecht Von Graefes Arch Klin Exp
Ophthalmol. 1979;209(3):167-78.

Chan CC, Whitcup SM, Solomon D, Nussenblatt RB.
Interleukin-10 in the vitreous of patients with primary
intraocular lymphoma. Am J Ophthalmol. 1995;120(5):
671-3.

Buggage RR, Whitcup SM, Nussenblatt RB, Chan
CC. Using interleukin 10 to interleukin 6 ratio to dis-
tinguish primary intraocular lymphoma and uveitis.
Invest Ophthalmol Vis Sci. 1999;40(10):2462-3.
Akpek EK, Foster CS. Primary intraocular lymphoma
with a low interleukin 10 to interleukin 6 ratio and het-
erogeneous IgH gene arrangement. Arch Ophthalmol.
2000;118(5):731-2.

Shen DF, Zhuang Z, LeHoang P, et al. Utility of
microdissection and polymerase chain reaction for the
detection of immunoglobulin gene rearrangement and
translocation in primary intraocular lymphoma.
Ophthalmology. 1998;105(9):1664-9.

White VA, Gascoyne RD, Paton KE. Use of the poly-
merase chain reaction to detect B- and T-cell gene
rearrangements in vitreous specimens from patients
with intraocular lymphoma. Arch Ophthalmol. 1999;
117(6):761-5.

Whipple GH. A hitherto undescribed disease charac-
terized anatomically by deposits of fat and fatty acids
in the intestinal and mesenteric lymphatic tissues.
Bull Johns Hopkins Hosp. 1907;18:382-91.

Comer GM, Brandt LJ, Abissi CJ. Whipple’s disease:
areview. Am J Gastroenterol. 1983;78(2):107-14.
Moortgat I, Van Ginderdeuren R, Van Calster J. Familial
vitreous amyloidosis linked with factor V Leiden defi-
ciency. BrJ Ophthalmol. 2011;95(12):1755, 62.

Ciulla TA, Tolentino F, Morrow JF, Dryja TP. Vitreous
amyloidosis in familial amyloidotic polyneuropathy.
Report of a case with the Val30Met transthyretin
mutation. Surv Ophthalmol. 1995;40(3):197-206.
Gregory ME, Carey M, Hawkins PN, et al.
Characterisation and management of vitreous and
nerve amyloid in familial amyloid polyneuropathy due
to variant transthyretin, Phe33Val. Br J Ophthalmol.
2008;92(1):34-5, 142.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Sandgren O. Ocular amyloidosis, with special refer-
ence to the hereditary forms with vitreous involve-
ment. Surv Ophthalmol. 1995;40(3):173-96.
Agarwal A, Colburn JD, Raja H, Singh AD. Diagnostic
and therapeutic challenges. Retina. 2012;32(8):1678-81.
Levy-Clarke GA, Buggage RR, Shen D, et al. Human
T-cell lymphotropic virus type-1 associated t-cell leu-
kemia/lymphoma masquerading as necrotizing retinal
vasculitis. Ophthalmology. 2002;109(9):1717-22.
Bhat PV, Jakobiec FA, Papaliodis G, Sobrin L. Primary
T-cell lymphoma of the retina and cerebellum: immu-
nophenotypic and gene rearrangement confirmation.
Am J Ophthalmol. 2009;148(3):350-60.

Schanzer MC, Font RL, O’Malley RE. Primary ocular
malignant lymphoma associated with the acquired
immune deficiency syndrome. Ophthalmology. 1991;
98(1):88-91.

Margolis L, Fraser R, Lichter A, Char DH. The role of
radiation therapy in the management of ocular reticu-
lum cell sarcoma. Cancer. 1980;45(4):688-92.

Smith JR, Rosenbaum JT, Wilson DJ, et al. Role of
intravitreal methotrexate in the management of
primary central nervous system lymphoma with
ocular involvement. Ophthalmology. 2002;109(9):
1709-16.

Frenkel S, Hendler K, Siegal T, et al. Intravitreal meth-
otrexate for treating vitreoretinal lymphoma: 10 years
of experience. Br J Ophthalmol. 2008;92(3):383-8.
Itty S, Pulido JS. Rituximab for intraocular lym-
phoma. Retina. 2009;29(2):129-32.

Batchelor TT, Kolak G, Ciordia R, et al. High-dose
methotrexate for intraocular lymphoma. Clin Cancer
Res. 2003;9(2):711-5.

Abrey LE, Moskowitz CH, Mason WP, et al. Intensive
methotrexate and cytarabine followed by high-dose
chemotherapy with autologous stem-cell rescue in
patients with newly diagnosed primary CNS lym-
phoma: an intent-to-treat analysis. J Clin Oncol.
2003;21(22):4151-6.

Soussain C, Hoang-Xuan K, Taillandier L, et al.
Intensive chemotherapy followed by hematopoietic
stem-cell rescue for refractory and recurrent primary
CNS and intraocular lymphoma: Societe Francaise de
Greffe de Moelle Osseuse-Therapie Cellulaire. J Clin
Oncol. 2008;26(15):2512-8.

Soussain C, Suzan F, Hoang-Xuan K, et al. Results of
intensive chemotherapy followed by hematopoietic
stem-cell rescue in 22 patients with refractory or
recurrent primary CNS lymphoma or intraocular lym-
phoma. J Clin Oncol. 2001;19(3):742-9.

Grimm SA, Pulido JS, Jahnke K, et al. Primary intra-
ocular lymphoma: an International Primary Central
Nervous System Lymphoma Collaborative Group
Report. Ann Oncol. 2007;18(11):1851-5.

Deangelis LM, Hormigo A. Treatment of primary
central nervous system lymphoma. Semin Oncol.
2004;31(5):684-92.

Correa DD, DeAngelis LM, Shi W, et al. Cognitive
functions in survivors of primary central nervous sys-
tem lymphoma. Neurology. 2004;62(4):548-55.



90

M.S. Ahluwalia et al.

65.

66.

67.
68.

Angelov L, Doolittle ND, Kraemer DF, et al. Blood—
brain barrier disruption and intra-arterial methotrexate-
based therapy for newly diagnosed primary CNS
lymphoma: a multi-institutional experience. J Clin
Oncol. 2009;27(21):3503-9.

Galor A, Ference SJ, Singh AD, et al. Maculopathy as
a complication of blood-brain barrier disruption in
patients with central nervous system lymphoma. Am
J Ophthalmol. 2007;144(1):45-9.
http://clinicaltrials.gov/show/NCT01399372

Blay JY, Conroy T, Chevreau C, et al. High-dose
methotrexate for the treatment of primary cerebral

69

70.

lymphomas: analysis of survival and late neurologic
toxicity in a retrospective series. J Clin Oncol. 1998;
16(3):864-71.

. Ferreri AJ, Blay JY, Reni M, et al. Prognostic scoring

system for primary CNS lymphomas: the International
Extranodal Lymphoma Study Group experience. J Clin
Oncol. 2003;21(2):266-72.

Chang CC, Kampalath B, Schultz C, et al. Expression
of p53, c-Myc, or Bcl-6 suggests a poor prognosis in
primary central nervous system diffuse large B-cell
lymphoma among immunocompetent individuals.
Arch Pathol Lab Med. 2003;127(2):208-12.


http://clinicaltrials.gov/show/NCT01399372

	7: Primary Central Nervous System and Retinal Lymphoma
	7.1	 Introduction
	7.2	 Pathogenesis
	7.3	 Clinical Features
	7.3.1	 Symptoms
	7.3.1.1	 Ophthalmic
	7.3.1.2	 Central Nervous System

	7.3.2	 Signs
	7.3.2.1	 Ophthalmic
	7.3.2.2	 Diagnostic Findings of PCNSL-O (Box 7.1)
	7.3.2.3	 Central Nervous System


	7.4	 Diagnostic Evaluation
	7.4.1	 Ophthalmic
	7.4.2	 Central Nervous System

	7.5	 Differential Diagnosis
	7.6	 Treatment
	7.6.1	 Ophthalmic Treatment
	7.6.1.1	 Local Therapy for PVRL
	7.6.1.2	 Systemic Therapy for PVRL
	7.6.1.3	 Treatment options for PCNSL (Box 7.2)

	7.6.2	 Central Nervous System

	7.7	 Prognosis
	7.8	 Summary
	References


