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Foreword

by Professor W. R. Green

Drs. Chan and Gonzales have provided an excellent and comprehensive
review of primary intraocular lymphoma, including clinical, histopatho-
logic and immunologic features and the history of nosologic changes and
evidence of possible etiology. In addition, the authors have presented mol-
ecular characteristics of the lymphoma, many of which are based on their
own research using up-to-date molecular pathological techniques, including
microdissection, immunoglobulin gene rearrangements, bcl-2 translocations,
molecular signals, and certain infectious DNA involvements.

There are many remaining unanswered problems in primary intraoc-
ular lymphoma; this book is a major step forward in summarizing the
ophthalmic, immunological, pathological and oncological information
that exists today. Primary Intraocular Lymphoma is an indispensable and
invaluable reference and guide for any professional faced with the chal-
lenge of caring for patients with this disease. Ophthalmologists, neurolo-
gists, pathologists, oncologists, and medical students will benefit from
reading the book to better understand and manage this malignancy.

W. Richard Green, M.D.

Professor of Ophthalmology and Pathology
Wilmer Ophthalmological Institute

The Johns Hopkins School of Medicine
Baltimore, MD

USA

December 2006
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Foreword

by Professor R. B. Nussenblatt

Ocular inflammatory diseases such as uveitis include many different dis-
orders. One disorder that is usually not considered as part of these diseases
is lymphoma. Indeed, primary intraocular lymphoma (PIOL), probably a
subgroup of primary central nervous system lymphoma (PCNSL), is one
such disease. Usually characterized as a masquerade syndrome, PIOL will
present clinically as an intraocular inflammation or uveitis. To distinguish
between PIOL and a non-infectious uveitis can have life and death conse-
quences for the patient, since treatments for each are clearly very different.
PIOL often presents as a chronic, smoldering inflammation. The clini-
cian’s ability to recognize the sometimes subtle differences between PIOL
and uveitis is critical. To identify this disorder and to adequately treat it are
major challenges.

Dr. Chan is one of the world’s leaders in the pursuit of our under-
standing of intraocular lymphoma. She has published very extensively in
this field and has made important diagnostic observations as well as those
leading to a better understanding of the basic mechanistic characteristics
of this disease. This book represents a unique compendium of Dr Chan’s
extensive and profound expertise in this field. She and her co-author,
Dr Gonzales, provide the clinician and the researcher with a wealth of up-
to-date information covering all aspects of this disorder.

The chapters offer a comprehensive review of the subject. The infor-
mation provided here reflects the most up-to-date information about
PIOL, including practical clinical information. It also reflects the com-
ments and thoughts that were expressed at the National Institutes of
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Health meeting on PIOL, held in September 2004*. This volume will be
indispensable to any clinician dealing with posterior segment diseases
and the researcher who is interested in the challenge of curing what
many of us believe is a curable cancer that for now still has a high mor-
tality and very significant morbidity.

Robert B. Nussenblatt, M.D.
Chief, Laboratory of Immunology
National Eye Institute

National Institutes of Health
Bethesda, MD

USA

September 2006

*R.B. Nussenblatt, C.C. Chan, W.H. Wilson, J. Hochman, M. Gottesman for the Ocular Lymphoma
Workshop Group: International central nervous system and ocular lymphoma workshop:
Recommendations for the future. Ocul Immunol Inflam 14:139-144, 2006.



Preface

In medicine and science, two inseparable sisters, a modern renaissance has
occurred in which the pursuit of knowledge has provided the world with
fascinating discoveries and answers to age-old questions. Perhaps one of
the most shining and striking moments in this modern renaissance was
the elucidation of the human genome. From this momentous project were
produced tools and knowledge that could be put to use to solve other
problems and answer other questions. We find, however, that in seeking
out an answer, we instead discover that we have more questions than when
we started out. Moreover, answers that are found in chemistry, physics,
insect genetics, and so forth frequently provide researchers in seemingly
unrelated fields with clues that may prove to be important in their own
hunts. It is important, then, that as true renaissance scientists, we open
ourselves to the knowledge that is transmitted (literally on a daily basis
now) in the world of science and medicine.

The world of ophthalmology is certainly partaking in this renaissance
with ever new advancements in the field. Ocular immunopathology is at
the forefront of these new advancements. The immune system, involved in
diverse processes from inflammation to cancer, has proven to play a cen-
tral role in many diseases. Even when an organ system is seemingly tucked
away from the immune system, as are the brain and intraocular structures,
dysfunctions involving components of the immune system can nonethe-
less manifest themselves. Yet again we are left with more questions than
answers in attempting to understand disease.

It is with a sense of excitement and hunger for new knowledge that we
present this book, the first to be published on the subject, on primary
intraocular lymphoma (PIOL). This is exciting because it is within recent
memory when the first histopathological presentations of PIOL were pre-
sented in the literature. Moreover, as we acquired knowledge of the inner
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workings of the immune system, we were able to modify our thoughts on
the precise cell involved in this cancer. As genetics burgeoned into a pow-
erful science, we were able to uncover ever more information on this rare
tumor. Our appetite, however, is not abated. We are perhaps more hungry
now for answers than in our first descriptions of this tumor in the litera-
ture of the 1940s and 1950s.

One might think of this book, then, as a menu. In the first four chap-
ters we seek to stimulate the appetite with discussion of the definition of
primary intraocular lymphoma, historical reviews and cases of PIOL, the
classification systems that once existed and those in use today, and the epi-
demiology in PIOL. The next two chapters deal with the clinical presenta-
tion of the disease and ways that we image PIOL. As the disease often
masquerades as a uveitis, it is important to recognize the salient features of
this lymphoid malignancy, especially when it occurs in patients who fit the
disease profile. We then turn our attention to the pathology and immunol-
ogy involved in PIOL, in two respective chapters. It is perhaps here that we
ought to pause during our feast of knowledge and reflect on just how
much information we have acquired on PIOL in the past six decades. No
longer are we dealing with the abstract reticulum cell sarcoma, but rather
an immunologically and genetically distinct entity.

From the important main courses of clinical, pathological, and immuno-
logical presentations, we then turn to the important subject of diagnostic
techniques and then to the unsettled business, but absolutely essential
concepts, of therapy in PIOL. It has been noted by some gastronomic
connoisseurs that a dinner ending without cheese is like a beautiful
woman with only one eye. Something integral is missing. Similarly, our
knowledge of the best therapeutic approaches to this tumor is not com-
plete. Yet, while perfect treatment regimens for PIOL are missing, we have
made important advancements in treating this tumor and we strive to
make even further developments in this arena. The more effect we have
on treating this tumor, the more we can affect the prognostics associated
with the disease. Prognosis is dealt with in its own chapter and it is
important to recognize here that PIOL is a malignant disease where we as
ophthalmologists have the opportunity to extend or save our patients’
lives. With manifestations limited to the eye (unless the brain is involved)
patients will seek out, or be referred to, ophthalmologists. Therefore, it
is of the utmost importance that ophthalmologists be able to identify
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possible presentations of PIOL and in appropriate cases seek out diagnos-
tic procedures. Furthermore, it is important to consider what testing
should be performed when attempting to diagnose PIOL with limited tis-
sue specimens. Ocular pathologists and cytologists will certainly play an
important role in drawing out the diagnostic plan for a patient. Finally,
the ophthalmologist must guide his or her patient into appropriate care
and management that is coordinated with neurooncologists. Thus, a great
responsibility is shouldered by the ophthalmologist for the very quality of
life of patients with PIOL.

There are hypotheses for the origin of PIOL, which are discussed in
another chapter and it is here that we are struck with the fact that we still
have much to learn about the fundamental problems that allow for a lym-
phoma to occur in the eye. This chapter is followed by another describing
animal models of the disease developed at the National Eye Institute, in
order to begin to understand some of the fundamental mechanisms
involved in PIOL.

We end our book with illustrative cases that presented at the National
Eye Institute. Some of these cases are classical presentations of PIOL, while
others proved to be more challenging, both diagnostically and therapeuti-
cally. These cases are useful in that they allow the reader to follow some of
the typical diagnostic and therapeutic techniques that are commonly
employed.

The topic of PIOL is certainly a full plate and not always easy to
digest. We feel that we have presented the important concepts and future
directions in this disease in a manner that will allow the reader to better
understand this most interesting cancer. We also wish to inform the
reader that this story is far from complete. We and others around the
world continue to work on elucidating the factors and mediators involved
in this cancer and ways that important components of the disease might
be modulated for therapeutic benefit. We hope that this book will whet
the appetite of our readers and produces in them a hunger similar to ours
for understanding PIOL.

We wish to thank the National Eye Institute and the Howard
Hughes Medical Institute Research Scholars Program for their support.
We also thank our colleagues, the physicians who refer patients to the NEI
and the staff who work on the PIOL cases at the NEI. We are deeply
indebted to the more than 100 patients who have contributed to our
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understanding of the disease, and to their families for their support dur-
ing such a challenging time. Finally, we save our most profound thanks to
our families and friends, whose love and encouragement helped us
through the writing process of this book.

Chi-Chao Chan, M.D.
John Alexander Gonzales, M.D.
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Chapter 1

Definition of Primary Intraocular
Lymphoma

Primary intraocular lymphoma (PIOL) is a neoplasm, most frequently
of B-cell, and rarely, T-cell, origin arising from or initially presenting in the
sub-retinal pigment epithelium (RPE), retina and vitreous." PIOL of the
B-cell type is a non-Hodgkin’s lymphomatous process of the diffuse large
B-cell histologic type and its distinction lies in the fact that it is a subtype
of primary central nervous system lymphoma (PCNSL). The neurosensory
retina is, in fact, an extension of the CNS. Indeed, the neurosensory retina
and retinal pigment epithelium are derived from the same neuroectoderm
that forms the CNS during embryogenesis. And, like the retina, the CNS is
an immunologically privileged organ as well.

PIOL is distinct from the other lymphomatous processes inside the
eye much more commonly including metastatic systemic lymphoma to
the eye, which typically affects the uveal tract and ocular adnexa via
hematogenous routes; and the extremely rare extranodal marginal zone B-
cell lymphoma (mucosa-associated lymphoid tissue lymphoma) that
affects the choroid.”” In addition, although a subtype of PCNSL, PIOL
may arise de novo in the neurosensory retina rather than metastasizing
from a primary non-ocular CNS structure.

As an immunologically privileged organ, the internal tissues of the eye
are normally protected from inflammatory processes mediated by the
immune system’s B- and T-cells. Thus, the induction of inflammatory
conditions within the eye is intriguing, as inflammatory B- and T-cells are
not typically found there. Equally intriguing is the development of lym-
phomatous processes involving these same cells from which the eye is nor-
mally protected.
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What is most curious about PCNSL and PIOL is the recent increase in

prevalence in these malignancies. Certainly the rising prevalence of
immunodeficiency states can explain part of this phenomenon,'’ but con-
current rises in the prevalence rate in immunocompetent patients warrant
an in-depth look into this fascinating disease process. To that end, this
book serves to be a guide into the history, diagnosis, management and
treatment of PIOL, as well as providing insights into the future progress
yet to be made in this most interesting and fatal malignancy.
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Chapter 2

History of Primary Intraocular
Lymphoma (1950s-1970s)

Though rare, lymphomatous processes affecting the intraocular struc-
tures have been reported since the 1940s and early 1950s."

To understand the historical significance of primary intraocular lym-
phoma, we need to consider one of the first widely accepted classification sys-
tems of lymphomas in general. In 1966, Henry Rappaport classified tumors
of the hematopoietic system according to their characteristic morphology
and their resemblance to normal, non-neoplastic cellular components (see
Chapter 3, “Classification of Lymphomas”). At that time, lymphomas were
divided into three groups based on cytology: reticulum cell sarcoma, lym-
phosarcoma, and Hodgkin’s disease.* In addition, a follicular form of
lymphoma was also noted that recapitulated normal follicles in the lymph
nodes. Rappaport’s description of the salient features of reticulum cell sar-
coma, was based upon the malignant cells’ resemblance to the reticular cell (a
pluripotent stem cell, according to Rappaport) or its histiocytic or lympho-
cytic derivatives. In Rappaport’s definition, a reticulum cell sarcoma was a
“tumor of reticular tissue composed predominantly of neoplastic histiocytes
in various stages of maturation and differentiation.” In its more differentiated
form, the reticulum cell sarcoma was composed of cells with distinct cell bor-
ders harboring a pale cytoplasm and nuclei resembling those of epithelioid
histiocytes (oval), fibroblasts (ovoid or elongated), or monocytes (indented
and lobulated). Less differentiated reticulum cell sarcomas were noted to
have round or oval nuclei, occasionally with indentations or irregular bor-
ders, and containing prominent nucleoli. The vacuolated cytoplasm in either
form of differentiation could be variable, sometimes being scant and at other
times abundant. As for the origin of reticulin fibers, Rappaport speculated

3
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that the neoplastic histiocytes may have played a role in the production of
this type of immature collagen. Indeed, in describing the more differentiated
form, each histiocyte appeared to have surrounded itself with reticulin fibers
and the degree of reticulin fiber formation was obvious with silver impreg-
nation of histology slides. Other reticulum cell sarcomatous nodules were
practically devoid of reticulin fibers, but occasionally exhibited compression
of such fibers at the periphery of their growth. Rappaport noted that, in addi-
tion to reticulin stains and cytology, this feature in a lymph node aided one
in distinguishing subtle cases of malignant growth from mere reactive follic-
ular centers. Despite the fact that such neoplastic histiocytes (also known as
reticulum cells) were associated with reticulin fibers, it was pointed out later
by others that the only similarity between reticulin fibers and reticulum cells
was in similar names.’ Pathologists at the Armed Forces Institute of Pathology
(AFIP) in Washington, D.C. noted that reticulin was a form of pre-collagen
that had been shown by others to be produced by fibroblasts,® while reticulum
cells belonged to the lymphoreticular system. Thus, histologic diagnoses made
from hematoxylin and eosin (H&E) stains were of primary importance for the
AFIP pathologists while staining for reticulin fibers was a secondary issue.
Rappaport related that the malignant lymphomas occurred within
lymph nodes or extranodally, but rarely in the central nervous system. No
mention is made of intraocular lymphoma in Rappaport’s descriptions.
The first case of the so-called intraocular reticulum cell sarcoma involved
a Caucasian male 27 years of age.’ Slit lamp examination revealed mutton fat
keratic precipitates, with cells noted in the anterior chamber, and the iris was
thickened with engorged blood vessels. Examination of the fundus revealed
an edematous optic nerve head with surrounding retinal edema. There was
engorgement of the retinal blood vessels and numerous retinal hemorrhages.
The patient was diagnosed with neuroretinitis, retinal hemorrhage and
periphlebitis, iridocyclitis, and glaucoma. The patient was treated with stan-
dard therapy for uveitis at that time (corticosteroids), yet his condition pro-
gressed with the anterior chamber becoming shallower and an increase in iris
thickness with development of nodules and posterior synechiae. Eventually,
his eye became blind and painful and because of this, in addition to difficulty
in establishing a satisfactory diagnosis, the eye was enucleated. Pathologic
inspection revealed conjunctival, episcleral, uveal, retinal pigment epithelial,
retinal, and optic nerve infiltration with closely packed cells. The diagnosis
of intraocular reticulum cell sarcoma was made. Shortly thereafter, and inter-
estingly so, a new and rapid increase in the right testicular size (equivalent to
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a “peach”) warranted excision of that organ. Pathologic inspection here
showed replacement of normal testicular tissue with closely packed cells
resulting in the diagnosis of lymphosarcoma of the testicle. Despite receiving
radiotherapy to the orbit, testicle, and abdomen, the patient succumbed to
his malignancies 11 months after first presenting to Cooper and Ricker. Aside
from being the first reported case of intraocular reticulum cell sarcoma, what
makes this case so fascinating is the concurrent involvement of the testicle in
aneoplastic process. The testicle, like the eye, is an immunoligically privileged
organ. Unlike the eye’s close relationship to the tissues of the CNS, the reason
for the testicle’s immunoprivilege can be related to the antigenicity that is
produced by its inherent function of generating gametocytes with half the
chromosomal content compared with the rest of the cells of the body. This
patient was never noted to suffer from CNS manifestations such as ataxia,
altered mental status, or neuropathy. As computerized tomography (CT) and
magnetic resonance imaging (MRI) were not available at that time, it is dif-
ficult to ascertain whether this patient truly had primary intraocular lym-
phoma versus a metastasis from either his testicular cancer or elsewhere.
Histopathology of the eye revealed tumor cells in the uvea and retina.
Immunophenotyping was not available at this time so Cooper and Ricker
were unable to deduce the probable B-cell origin of this tumor. However, they
well knew that despite the lack of intraocular lymphoid tissue, lymphoma-
tous processes somehow were able to occur intraocularly’ and they went on
to note that the lymphomatous processes occurred in other tissues devoid of
lymph nodes, including the skin. Today, this type of lymphoma is known as
cutaneous T-cell lymphoma (mycosis fungoides).

Several factors make the so-called reticulum cell sarcoma in this patient
an unlikely primary process, though Cooper and Ricker put forth this pos-
sibility. One factor is the patient’s young age, although it is not impossible
for very young people to be afflicted with primary intraocular lym-
phoma.”* Another factor is the infiltration of non-intraocular structures,
including the conjunctiva and episclera, which seldom occurs in the natural
process of the disease. The pathology of the uveal involvement suggests a
metastatic malignancy and Cooper and Ricker conceded that this was likely
the most probable event. Subsequent literature brought forth other cases of
intraocular reticulum cell sarcoma and Currey and Deutsch are credited
with describing the first true case of primary intraocular disease.’

It was not until the late 1970s and early 1980s that the term “reticulum
cell sarcoma” became a misnomer as researchers demonstrated the



6 Primary Intraocular Lymphoma

lymphocytic origin of these tumors.'>" In fact, even during the late 1980s,
some were noting, almost foretellingly, that “When the ocular/CNS form of
the disease [reticulum cell sarcoma] is more clearly defined immunocytologi-
cally, a change in the name of the disease will likely be in order”.'* Table 2.1

Table 2.1 First Historical Accounts of Ocular Reticulum Cell Sarcoma in the English
Literature

Author Year Age Sex Race  Diagnosis
Cooper & 1951 27 Mm? C RCS' of the choroid, retina,
Ricker® conjunctiva, iris, ciliary
body OD#
Cook" 1953 59 F° NR¢ Primary choroidal lymphosarcoma

with involvement of the ciliary
body, subarachnoid space
invasion, and optic nerve

infiltration

Reese'® 1956 47 M NR RCS with intraocular involvement

Reese!® 1956 62 F NR RCS with intraocular involvement;
involvement of the abdomen

Reese'® 1956 58 M NR RCS with intraocular involvement;
previous visceral malignant
lymphoma

Beasley"” 1961 51 M C Lymphosarcoma, lymphocytic
type of choroid with extension
through retina OD

Currey & 1965 50 M AA® RCS of the uveal tract and optic

Deutsch’ nerve OS"

Vogel, et al."® 1968 67 M C Intraocular RCS OU!

Vogel, et al."® 1968 71 F C RCS of the retina OD

Vogel, et al."® 1968 40 F C RCS of the retina OD

Vogel, et al."® 1968 46 M C RCS of the retina and uvea OS

Vogel et al.'® / 1968 64 I8 C Primary, solitary RCS OD

Nevins et al.”

Vogel, et al."® 1968 58 F C RCS of the retina, vitreous and
subretinal space OS

"M = male; °F = female; °C = Caucasian; “NR = not reported; °AA = African-American; 'RCS = reticu-
lum cell sarcoma; 80D = right eye; "OS = left eye; ‘OU = both eyes.
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summarizes the reports of PIOL in the 1950s and 1960s in the English
literature.
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Chapter 3

Classification of Lymphomas

Until 1997, classifying lymphomas proved to be frustrating for pathol-
ogists and clinicians. Much of the early problems with categorizing lym-
phomas lay in the fact that it was simply not clear for certain from what
normal tissues or cells the particular tumor had arisen, making it difficult
for pathologists to define a unifying nomenclature. Clinicians sought out
systems of classification that held prognostic and treatment utility. Various
classification systems were developed resulting in different centers using
different schemata, and making diagnoses that were inconsistent or had no
similar counterpart in another institution’s classification pattern. Differing
classification systems set the stage for differing methods of diagnosing and
treating what could very well be the same disease process. In addition, it
was difficult to compare prognoses or uniform treatment modalities
between the lymphomas classified by the various systems. Interestingly, all
lymphomatous processes, even Hodgkin’s disease, were considered mani-
festations of the same disease' at one time.

Attempts at creating a uniform classification system for non-Hodgkin’s
lymphomas had their beginnings with Gallo and Malory,*> who developed
a clinicopathologic classification criterion. Later, Rappaport produced
a lymphoma classification system with subtypes that were based on cellu-
lar features such as size and amount of cytoplasm, as well as the overall
morphology of the tumor, such as nodularity.’” Though his system was a
purely morphologic approach to the categorization of lymphomas, the
great progress that was provided by the Rappaport system was recognizing
the prognostic significance of nodular lymphomas.” However, as time
passed and as information about lymphomatous cells themselves accumu-
lated, modifications were made to the Rappaport classification system,
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producing a complicated, unwieldly, and often non-intuitive nomencla-
ture. The major piece of information that had been discovered during the
1960s and 1970s was that of immunologic markers on the surfaces of lym-
phoid cells. The identification of lymphocyte surface markers harkens
back to the work of Bach,* Coombs,’ Brain,*® and Lay”’ in the early 1970s.
They each showed that human lymphocytes would bind to sheep red
blood cells, spontaneously producing erythrocyte (E) rosettes. Jondal and
colleagues showed that T lymphocytes were involved in mediating the
rosette formation.'™'! Taylor applied immunoperoxidase methods, which
had been used previously to uncover the immunoglobulin surface mark-
ers expressed on the lymphoma cells, to stain CNS lymphomas for
immunoglobulin components.'*

Lukes and Collins, echoing the voices of others, noted that the
advancements made in immunology made it apparent that lymphomas
could and should be classified according to their immunologic markers
in addition to their morphologic appearance'” "> and proposed their own
system to reflect this new knowledge. The Lukes-Collins system made
use of the developing advancements in immunologic differentiation in B
and T lymphocytes. Thus, the Lukes-Collins system was an immunologic
and morphologic classification. An important development from the
Lukes-Collins classification system was the realization that many tumors
previously described as histiocytic lymphomas, reticulum cell sarcomas
(PIOL had previously been known as ocular reticulum cell sarcoma),
and other types of historical sarcomas were actually lymphomas derived
from malignantly transformed B- and T-cells.”” Lukes and Collins vented
their frustration with the previous nomenclature by noting that “(t)he
terms ‘reticulum cell sarcoma’ and ‘lymphosarcoma’ in addition have
been applied in an extraordinarily variable fashion and achieved a mean-
ingless status, by preventing effective comparison of results from differ-
ent centers.”"”

At around the same time, a histopathological classification system, the
Kiel System, was introduced.'® Then, in the early 1980s, the National
Cancer Institute at the National Institutes of Health sponsored a study of
the lymphomas which led to the production of the Working Formulation,
reminiscent of the Rappaport system, that was especially useful to clini-
cians as it held power in its ability to typify treatment and prognostic fea-
tures.'” However, even further progress in the fields of immunology and
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genetics were being accomplished that would make it necessary yet again
for a more relevant classification system.

The advancements made in immunology and genetics allow patholo-
gists to discriminate between reactive and malignant lymphocytic
processes. The malignant nature of a lymphoid neoplasm is discovered by
noting the clonality of the antigen receptor gene rearrangement. This
seemingly common and simple task today harkens back to the early 1980s
when researchers were beginning to elucidate the monoclonality of diffuse
large B cell lymphomas.' In B lymphocytes, rearrangements in the vari-
able (V), diversity (D), and joining (J) gene segments of the immunoglob-
ulin heavy chain gene precede transformation in both malignant and
reactive processes. Malignant processes churn out the same type (or clone)
of tumor cell, identical to the progenitor that initially went awry. Thus, all
the progeny produced from a malignant progenitor B lymphocyte will
share the identical immunoglobulin gene configuration and will be mon-
oclonal. In reactive processes where B lymphocytes respond normally to
the different peptides that compose an antigen by proliferation and pro-
duction of various immunoglobulins with different rearrangements in
VDJ gene segments (telltale signs that affinity maturation is occurring in
order to effectively and specifically eradicate a pathogen that contains
many different antigens), the daughter cells will have different
immunoglobulin gene configurations from each other and from their
progenitor. These daughter cells will belong to different clone subsets (are
of multiple clonalities) and are thus, polyclonal. Stages of B- and T-cell dif-
ferentiation in lymphomas are determined by noting the configuration of
their respective antigen receptor genes (or lack thereof as in precursor
B-/T-cell acute lymphoblastic leukemias/lymphomas) and correlating that
with the corresponding normal B- and T-cell counterpart. In addition,
leukocyte surface antigens (such as the cluster of differentiation (CD)),
genotypic abnormalities (such as chromosomal translocations), and kary-
otypic anomalies (such as chromosomal duplications) further enable
pathologists to molecularly and/or immunohistochemically characterize a
lymphoma quite specifically by its stage of differentiation and state of acti-
vation. For example, progenitor and early lymphocytes express an array of
CD molecules that denote where along the timeline of maturation they
exist. In addition, the expression of these CD molecules is independent
of antigen exposure, a hallmark of lymphocyte immaturity. However,
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lymphocytes that have been exposed to an antigen exist on a different
timeline of maturity and activation and will therefore express different CD
molecules on their cell surfaces. In the laboratory, pathologists are able to
visualize the characteristic membrane-bound CD molecules and receptors
(immunoglobulins in the case of B-cells and T-cell receptors in the case of
T-cells), as well as co-receptors that neoplastic lymphoid cells express
using immunohistochemistry with specific monoclonal and/or polyclonal
antibodies."”

These advancements in characterization led to an algorithm in classi-
fying lymphomas adopted by the World Health Organization (WHO). The
WHO classification system was arrived at after acceptance and amend-
ment of the Revised European-American Classification of Lymphoid
Neoplasms (REAL), which itself was originally introduced in 1994. In
November 1997, a summit was held at Arlie House, Virginia to devise an
approach for classifying neoplastic processes of the hematopoietic sys-
tem.”” An advisory committee that was composed of American and
European co-chairs (comprising pathologists, hematologists, and oncol-
ogists) met to evaluate the REAL classification and consider its adoption,
producing the WHO/REAL classification system of lymphomas we use
today. The WHO/REAL classification immunophenotypically identifies
three types of lymphomas: B-cell neoplasms, T-cell and natural killer
(NK) cell neoplasms, and Hodgkin’s disease. B- and T-cell neoplasms are
further subclassified according to diseases of precursor (lymphoblastic)
neoplasms or diseases of mature (peripheral) neoplasms. Moreover, cyto-
genetic features (such as chromosomal translocations) were used to
further characterize lymphomas. Unlike non-Hodgkin’s lymphoma, in
which 10-30% of the disease may present initially at an extranodal site,*’
Hodgkin’s disease has a very characteristic and predictable occurrence.
Hodgkin’s disease usually starts at a single site within the lymphatic sys-
tem, most often a cervical or supraclavicular lymph node or a mediasti-
nal lymph node. Hodgkin’s disease represents a distinct clinical entity
with its own histologic subtypes, staging system,** and treatments.
Hodgkin’s disease, unlike diffuse large B-cell lymphoma, has a very good
cure rate.***

Considering where PIOL fits into the scheme of things, we turn to the
WHO/REAL classification system. PIOL is, in fact, a sub-type of primary
central nervous system lymphoma (PCNSL) and non-Hodgkin’s lymphoma
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(NHL). Recall that the neuraxis consists of not only the brain and spinal
cord, but the neurosensory retina as well (see Chapter 1). PCNSL is most
commonly a B-cell tumor, though T-cell PCNSL has been described.*>*” As
an NHL B-cell disease, PCNSL is most frequently a subtype of diffuse large
B-cell lymphoma (DLBCL). DLBCLs are the most common non-
Hodgkin’s malignancy and represent 31% to 40% of all NHLs.*®

With the sequence of the human genome,”” the potential for a new
era in lymphoma taxonomy has emerged. From gene expression profiling
using genome scan microarray techniques, it has been shown that there is
significant and characteristic genetic heterogeneity within DLBCLs,*"*
which in turn appears to account for the clinical heterogeneity seen within
this histological subtype®**; 40% of DLBCL patients respond to current
treatment modalities, while the remainder die from the disease. Thus, the
ability to determine genetic signatures expressed by subtypes of DLBCL is
important for developing and using specific therapies aimed at target
genes, their transcription factors, and their products. The therapeutic
prowess that oncologists acquire against the subtypes of DLBCL, then, dic-
tates prognosis.

There are three major subtypes of DLBCL: activated B-cell DLBCL
(ABC DLBCL), germinal center B-cell (GCB DLBCL), and primary medi-
astinal (thymic large) B-cell DLBCL (PMB DLBCL) also known as type 3
based on the gene signature profiling. Some signatures include genes
expressed in a particular type of cell or stage of differentiation, whereas
other signatures include genes expressed during a particular biologic
response, such as cellular proliferation or the activation of a cellular sig-
naling pathway.” GCB DLBCL responds to a foreign antigen within the
germinal center microenvironment of secondary lymphoid organs. In
general, this group has a high rate of overall survival after chemother-
apy.”*** ABC DLBCL (comprising 30% of DLBCL) is induced by mito-
genic stimulation of blood B cells and has a poor rate of overall
survival.***® The type 3 DLBCL does not express genes characteristic of the
other two groups and may yet be found to be heterogeneous.””**

From gene expression profiling, it has been found that some subtypes
of DLBCLs express certain types of genes more than other subtypes. For
example, some GCB DLBCLs overexpress the BCL2 protein (a mitochon-
drial outer membrane protein that protects cells, such as B cells, from apop-
tosis) and this can be due to the translocation t(14;18)(q32;q21)* or
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amplification of the bcl2 gene. In addition, some GCB DLBCLs exhibit
amplification of the c-REL locus.*** The c-REL protein is a member of the
NF-kB/REL family of transcription factors and is involved in transcribing
NF-kB-responsive genes,* a potential mechanism leading to cell survival
and tumorogenesis. ABC DLBCLs seem to demonstrate constitutive activa-
tion of the IkB kinase, which can lead to the translocation of the transcrip-
tion regulator NF-kB into the nucleus and the transcription of genes that
promote cellular proliferation and survival.”’ The constitutive activity of
IkB kinase is not seen in GCB DLBCL. Type 3 DLBCLs, like ABC DLBCLs,
seem to also show constitutive activation of the NF-kB pathway.** Thus, this
pathway seems to be an important target in treating ABC and PMB
DLBCLs. This new found knowledge regarding genetic signatures has
already resulted in therapy aimed at interfering with the activation of this
pathway, namely an IkB kinase inhibitor, PS-1145, which has been shown
to be effective against ABC DLBCLs and PMBLs, but not GCB DLBCLs.*

Gene expression profiling may allow us to classify lymphomatous dis-
eases more specifically than our current taxonomy and offers prognostic
utility.’’ Indeed, there is currently no perfect prognostic indicator and the
development of such a tool is tantalizing. However, there is substantial het-
erogeneity of gene expression even within each of the three subgroups of
DLBCL*"** and there is no single gene that can distinguish one subgroup
from another. In addition, currently there is no standardization for the
nomenclature offered by gene expression profiling. While there is no
doubt that PCNSL is an NHL DLBCL, gene expression profiling is now
underway to elucidate the different signatures that potentially exist within
this subtype. For example, recent gene expression profiling work seems to
indicate that some PCNSLs belong to GCB DLBCLs.*” Due to the paucity
of PIOL cases and materials, it is almost impossible to evaluate the pattern
of gene expression using gene expression profiling to classify PIOL in this
fashion currently. However, as our ability to classify lymphomas based
upon their gene expression profiles improves and molecular technology to
analyze small samples advances, we will likely see PIOL being more specif-
ically defined by this system in the future as well.

In its DLBCL form, PCNSL is an aggressive tumor that is usually fatal
(see Treatment, Chapter 11). Less frequently, primary lymphomas of the
CNS can be derived from other B-cell lymphomas, such as marginal zone
B-cell lymphomas (MZBCL).*® However, in these cases, the disease is not
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intraparenchymal (being most often associated with the leptomeninges)
and is clinically low-grade in nature. PIOL, like PCNSL, seems to be most
often a DLBCL.
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Chapter 4

Epidemiology of Primary Intraocular
Lymphoma

Incidence and Prevalence Within the
Immunocompetent Population

Incidence of PCNSL in Immunocompetent Patients. Of the newly
diagnosed primary intracranial tumors, PCNSL makes up from 6 to 7% of
those cases.'” While the reported incidence of all primary brain and CNS
tumors is about 11.5 to 13.8 cases per 100,000 person years,*” others have
reported that primary brain tumors have an annual incidence of 130.8 per
100,000 persons.® The incidence of PCNSL has been reported as being 0.3 to
0.43 cases per 100,000 person years.>”® Previously, Freeman,’ Jellinger,'* and
Zimmerman'' reported on PCNSL in the mid-1970s as representing only
about 1 to 2% of all NHLs and less than 5% of all intracranial tumors. The
incidence in PCNSL has been noted to be increasing since the 1980s with
Eby’s examination of the disease by using the National Cancer Institute’s
(NCI) Surveillance, Epidemiology, and End Results (SEER) program data.'?
Later, as the year 2000 approached, Corn reported that over two decades,
from 1973 to 1992, the incidence of PCNSL increased more than 10-fold
from 2.5 cases to 30 cases per 10 million population."> Moreover, Corn pro-
jected that the incidence rate would increase to approximately 51.1 cases per
10 million population in the year 2000. PCNSL is also associated with other
parts of the neuraxis, notably the eye (as PIOL) and approximately 15 to
25% of patients with PCNSL will have secondary intraocular involvement.

Prevalence of PCNSL in Immunocompetent Patients. According to
the National Cancer Institute’s (NCI) Surveillance, Epidemiology, and End
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Results (SEER) program data, the United States Estimated Complete
Prevalence Counts for brain and other CNS tumors is 105,960 cases (as of
1 January 2002, http://seer.cancer.gov/about; site accessed 15 November
2005). This can be compared with reports noting that the incidence of
PCNSL ranges from 0.48 to 1 per 100,000 population in developed coun-
tries, such as the United States.!* Based on a conservative estimate, there
are approximately 1,500 cases annually of PCNSL in the United States.

Elsewhere in the world, immunocompetent patients were noted to
have PCNSL with increased frequency. Schabet reported in 1999 that dur-
ing the period 1984-1985, the University of Tuebingen in Germany diag-
nosed one immunocompetent patient with PCNSL."” Diagnoses were
made in increasing numbers over the years at the University, with 14 being
diagnosed during the period 1995-1996. Better recognition of PCNSL
could play a minor role in an increase of disease prevalence.

Incidence of PIOL in Immunocompetent Patients. The incidence of
PIOL is estimated to range from 30 to 200 people annually in the United
States.'®!” Most patients (60 to 90%) who present initially with PIOL will
161821 and approximately 20% of PCNSL patients
will have intraocular lymphomatous involvement.*>* Considering that PIOL
is a subset of PCNSL, as the incidence of CNS disease increases, intraocular
lymphomatous processes have the potential to increase as well and it is unde-
niable that various centers have noted an increased rate of incidence or diag-
nosis at this anatomic site in the immunocompetent population. Therefore,
if we consider that the United States population estimate is 295,734,134 (July
2005 estimate, http://www.indexmundi.com/united_states/population.html;
site accessed 17 November 2005), and considering that the incidence of
PCNSL in Americans is approximately 51 cases per 10 million, we conserva-
tively estimate that approximately 1500 cases of PCNSL occur annually.

eventuate to CNS disease

Based on the conservative estimate that 20% of patients with PCNSL have
ocular involvement, the annual prevalence of PIOL is approximately 300
cases (either alone or in association with PCNSL) in the United States.

Demographics Within the Immunocompetent Population

Age of Immunocompetent Patients in PCNSL and PIOL. PCNSL and
PIOL typically affect people in their fifth to sixth decade of life. The
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youngest reported age has been a child of 2 years in Europe, though the
clinical history and findings were not presented in any detail.** The rising
incidence in PCNSL has been seen in all age groups, suggesting that the
increased incidence is independent of age. However, the greatest increase
in incidence has been noted in patients over 60 years of age. Surawicz et al.
examined the incidence rates over 8 age groups.” The incidence rates for
people 0 to 19 years of age were found to be 0.02 per 100,000 person-years;
0.37 for 20- to 34-year-olds; 0.63 for 35- to 44-year-olds; 0.46 for 45- to
54-year-olds; 0.97 for 55- to 64-year-olds; 1.46 for 65- to 74-year-olds; 1.57
for 75- to 84-year-olds; and for those over 85 years of age the incidence
rate was 0.68 per 100,000 person-years.” Age appears to be important in
terms of prognosis, as patients under 60 years of age with PCNSL fare bet-
ter than those over 60 years of age.”*® In India, the mean age of PCNSL
patients has been reported as 39.5 to 44.4 years,” with no statistically sig-
nificant change in age trend for the period of time examined (1980
through 2003). It appears, then, that PCNSL patients in India are not
developing the disease at a younger age now than in the past. One of the
patients from this study was 3 years of age at the time of diagnosis. What
could be the explanation for the lower mean age of PCNSL patients in
India compared with the more developed countries such as the United States?
Sarkar et al. brings up the point that there are important differences in the
population demographics in India compared with that in Western geo-
graphic locales and the United States. The life expectancy of the popula-
tion of India is 64.35 years; in the United States, it is 77.71 years; in France,
79.6 years; Germany, 78.65 years; the United Kingdom, 78.38 years; and in
Japan, 81.15 years.” Also, only 4.9% of India’s population are 65 years of age
or older, while in the United States 12.4% of the population are over the
age of 65. On the other hand, the mean age of immunocompetent patients
in the developed countries of France and Belgium has been reported as
61 years, which is similar to that in other developed nations. In a study
of 32 cases of PCNSL from Japan, the median age of the patients was
61.3 years.” Previously, Hayakawa and colleagues examined 170 patients
with PCNSL in 1994.” The mean age for Hayakawa’s particular patients
was 56.7 years.

Gender. Brain tumors in general seem to exhibit a male predilection
(although meningiomas show a female preponderance).” For example, one
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study reported that glioblastomas, anaplastic astrocytomas, oligoden-
rogliomas, anaplastic oliogdendrogliomas, ependymomas, mixed gliomas,
astrocytomas not otherwise specified, medulloblastomas, and germ cell
tumors are more common in men than in women.” PCNSLs also predom-
inate in men, with the incidence of CNS lymphomas in men being
reported as 0.60 per 100,000 person years; in women, the rate is 0.28 per
100,000 person years.” Other studies have yielded male to female ratios of
1.4 to 2:1. Male to female relative risk has been described as being approx-
imately 2.25.” Though a male preponderance seems to be the rule, there
have been studies in which a decidedly female predominance exists. In a
study of ocular and cerebral lymphomas from France, Cassoux and col-
leagues retrospectively reviewed 44 cases of PIOL with and without CNS
involvement, 36 being female and eight being male (male to female ratio
of 1 to 4.5).”° However, another study looking at an immunocompetent
PCNSL population from France and Belgium, had a male to female ratio
of practically 1:1 (127 female patients and 121 male patients over a 15-year
period, from 1980 to 1995).*

Ethnics. Examination of the incidence rates of CNS lymphoma in
American whites and African-Americans has shown that there seems to be
no ethnical preference with respect to these two major ethnicities in the
United States.” Whites were shown to have a brain lymphoma incidence
rate of 0.42 per 100,000 person-years, while African-Americans had an
incidence rate of 0.49, a difference that was not statistically significant.”

Using the Lymphoma Study Group classification system,’' Shibamoto
from Hayabuchi’s group™ looked at trends in PCNSL in Japan (between
1995 and 1999) as a follow-up to their previous examination during the
period from 1985 to 1994. The four-years study revealed 101 patients with
PCNSL, while the study from 1985 to 1994 yielded 157 immunocompetent
patients. Kuratsu™ reported an annual overall age-adjusted incidence rate
for all intracranial tumors of nearly 11/100,000, with 4.6% of the 2129
patients with primary CNS tumors having malignant lymphoma.
Meanwhile, Hayakawa and colleagues examined 170 patients with PCNSL
in 1994.” The mean age for Japanese patients was 56.7 years and 93
patients were male (54.7%) while 77 were female (45.3%). Hayabuchi and
colleagues reported on findings obtained from the CNS Lymphoma Study
Group Members, a PCNSL consortium of medical centers throughout



Epidemiology of Primary Intraocular Lymphoma 23

Japan.* This group analyzed 466 cases of PCNSL in patients testing HIV-
negative, obtained during the period from of 1985 to 1994. The researchers
found that the male to female ratio was 1.45:1 and that the median age was
60 years, the parameters being similar to those in the United States.
Interestingly, 20 tumors (8.5%) were of the T cell immunophenotype,
while from other studies such tumors made up less than 2% of all
PCNSLs.* Another 214 tumors (45.9%) and 232 (49.8%) were unclassifi-
able or unknown.

In Korea, an analysis of 3221 CNS tumors yielded 76 cases of PCNSL,
with a median age of 54 years and a male to female ratio of 1.3:1.°° These
cases made up 2.4% of the total number of cases from the study carried
out from 1997 to 1998. A prior study, from 1983 to 1987, had yielded 23
cases out of 894 (or 0.9%). Thus, Korea showed a trend of increasing inci-
dence of PCNSL.

In India, it has been reported that diagnoses of PCNSL have exhibited an
increasing trend.” Sarkar retrospectively analyzed 116 cases of PCNSL from
two clinical centers, one in Northern India and the other in Southern India
over a 24-year period. PCNSL cases increased in incidence 3.5-fold from
two cases per year in the early 1980s to 7 in the early 2000s. The disease
affected males more than females, with a male to female ratio up to 2.3:1.

Although amongst some geographic locations, e.g. the United States
and some Western European countries, the incidence rates of PCNSL have
increased, in other areas this has not been the case. In Alberta, Canada,
PCNSL incidence rates were reported not to have increased.”” PCNSL
patients were retrospectively reviewed over a two-decade period covering
the years from 1975 to 1996. PCNSLs were found to represent 0.96% of all
the cases of NHL during the period of time studied. The late 1970s showed
an incidence rate of 0.178 immunocompetent cases per million popula-
tion, compared with 1.642 cases in 1996, though there was no statistically
significant change in this incidence rate. The median age of patients stud-
ied in this population was 64 years and a male to female ratio of 3:2 was
found. Similar findings have been reported in Scotland.”

Table 4.1 summarizes the epidemiology of several large PIOL case
series in the literature. PIOL is a malignancy for which the average age
of the patients is the late 50s and with no gender preference reported in
predominately white population studies.””** However, reports from
some centers have noted a female preponderance in their cases.”®*
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Table 4.1 Epidemiology from PIOL Case Series

Demographics
Number of Mean Age
Author Year Patients M:F Ratio' (years) Ethnicity
Freeman 1987 32 1:2.2 60 91% white
9% black
Whitcup 1993 12 1:5 57 NS§?
Peterson 1993 24 1:2 58 NS
Akpek 1995 10 1.5:1 59 90% white
10% black
Cassoux 2000 42 1:4.5 54 97.6% white
2.4% Asian
Hoffman 2003 10 1.5:1 61.1 NS
Hormigo 2004 31 1:1.4 59 (median) NS

'M:F Ratio = male-to-female ratio; NS = not stated.

Prevalence and Incidence Within the AIDS Population

Prevalence of PCNSL in AIDS Patients. Approximately 2 to 10% of
AIDS patients have PCNSL.* The prevalence of AIDS in the adult popula-
tions in various geographic locations is as follows: 0.61% in the United
States; 0.2% in the United Kingdom; 0.4% in France; 0.1% in Germany;
0.1% in Japan; 0.9% in India; and 37.3% in Botswana (2003 estimate). In
some locales, PCNSL is diagnosed only postmortem, such as in East Africa.*
Poor access to healthcare and limited diagnostic resources are key factors
that give rise to such postmortem diagnoses. In addition, the assumption
that behavior or mental status changes may be due to cerebral edema, can
prompt the usage of corticosteroids leading to a partial regress of PCNSL or
PIOL, thereby masking the lymphomatous process.*”* Prior to the AIDS
epidemic, transplant patients were the group most likely to develop PCNSL.

Incidence of PCNSL in AIDS Patients. HIV patients are at increased
risk for developing both HD and NHL. Indeed, the development of an NHL
in an HIV-infected patient is an AIDS-defining illness*’ and is associated
with CD4 lymphocyte counts of less than 50/uL. While the cause PCNSL
in immunocompetent patients has failed to reveal any clear etiological
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factor, latent Epstein Barr Virus (EBV) infection is identified as the
causative agent in most AIDS patients.® Like AIDS-associated systemic
NHL (accounting for 3—4% of primary AIDS-defining illnesses in devel-
oped countries’®”") the development of CNS lymphoma in AIDS patients
occurs late in the disease, although it occurs as an AIDS-defining illness
less often than systemic NHL.”>>> AIDS patients have been reported to
have an incidence rate of 0.32 per 1000 person years™ as well as having a 2
to 6% risk of developing clinically significant PCNSL.””-** However, patho-
logically diagnosed AIDS (based upon autopsy examinations) has revealed
that the risk for PCNSL in AIDS patients is 12%, with the risk increasing
corresponding to the duration of the disease (the risk being as high as 57%
in patients suffering from AIDS for more than three years).”>* The acqui-
sition of a systemic or CNS AIDS-associated NHL late in the course of the
disease indicates that a decimated immune system sets the stage for lym-
phomatous development.

Though the incidence of PCNSL is higher in AIDS patients than in
immunocompetent patients, the incidence rates for this group have
declined. One of the factors that seems to have had the greatest impact on
the improvement of incidence rates in AIDS patients, is the use of highly
active antiretroviral therapy (HAART).** Wolf examined a retrospective
cohort of HIV-positive patients in Germany.™ A total of 214 patients were
studied and 61% of them had NHL as their first AIDS-defining disease.
Five time periods (from 1982 to 2002) were involved. Three time periods
(1982-1986, 1987—-1990, and 1991-1994) occurred prior to the introduc-
tion and widespread use of HAART (pre-HAART era), while two time
periods (1995-1998 and 1999-2002) came after that. The incidence of
NHL in the AIDS patients studied by Wolf increased during the pre-
HAART era from 8.24 per 1000 person years during the 1983—-1986 period
to 14.83 per 1000 person years during the 1991-1994 time period.
The post-HAART era saw incidence rates for NHLs decline, first to 8 per
1000 person years during the 1995-1998 time period and then to 3.7 per
1000 person years during 1999-2002. Although the incidence rates for
CNS lymphoma in these patients have always been less than that of sys-
temic NHL, rises and falls in the incidence rates of CNS disease during the
time periods examined mirrored that of the systemic disease. The inci-
dence of CNS lymphoma in Wolf’s examined patients was 2.75 per 1000
person years during the 1983—-1986 pre-HAART period and rising to a high



26 Primary Intraocular Lymphoma

of 5.33 per 1000 person years during 1991-1994. However, during the post-
HAART era, the incidence rates declined to 1.53 per 1000 person years
during 1995-1998. A further decline in incidence to 0.32 per 1000 person
years was seen during the 1999-2002 period. Thus, while some initially
speculated that because AIDS patients live longer with lower CD4 counts
and higher concentrations of virons due to improvements in treatment,
allowing for an accumulation of “hits” to build up and produce lym-
phoma, recent data seem to suggest that HAART cannot only improve sur-
vival with AIDS, but also reduce the incidence of major complications,
namely, the development of extranodal NHL, like PCNSL.%

While HAART has improved survival and PCNSL incidence rates in
AIDS patients, an interesting possibility has arisen. Prior to HAART, oppor-
tunistic infections were able to get a better footing at establishing disease in
AIDS patients. In addition, pre-HAART AIDS patients suffered especially
from decimated CD4 lymphocyte levels, leaving mainly B cells as the major
immunologic guardians of the body. However, opportunistic infections
could easily have set the stage for the activation of such B cells which we pos-
tulate could then have allowed for the expansion of certain malignant clones
of B cells. This scenario is very much like that involved in the activated B cell
(ABC) type of diffuse large B cell lymphoma (DLBCL) described in Chapter
3. However, the current use of HAART has certainly decreased the incidence
of opportunistic infections in AIDS patients. For example, hospital admis-
sions in 12 states in the United States for opportunistic infections in patients
infected with HIV decreased from 47% to 20% over a four-year period
between 1996 and 2000.%” In addition, HAART is able to maintain higher
CD4 lymphocyte counts than would be possible without HAART.® We
expect that it would not be unreasonable for a possible shift from the ABC
DLBCLs that could possibly have characterized AIDS-associated PCNSLs in
the pre-HAART era to a genotype like that in germinal center B cell (GCB)
DLBCLs today in the HAART/post-HAART era. Developments in gene
microarray technology will undoubtedly provide us with insights into the
genotypic DLBCL that produces most PCNSLs in AIDS patients.

Demographics Within the AIDS Population

Age of AIDS patients with PCNSL. Patients with AIDS develop PCNSL
at a younger age than their immunocompetent counterparts. AIDS patients
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are typically diagnosed with PCNSL in their third or fourth decade of life,
whereas patients with intact immune systems are diagnosed with the brain
malignancy during their fifth or sixth decade.”***** In the pre-HAART
era, the median age at baseline was 36.7 years, while the median age of
patients in the post-HAART era is 39.4 years.”® In developing countries
with limited diagnostic and therapeutic resources (such as HAART) and
limitations in the access to healthcare, such as India, opportunistic infec-
tions may shorten the lives of patients prior to the development of PCNSL
or PIOL.”

Gender in AIDS-associated PCNSL. The development of PCNSL in
AIDS patients shows an overwhelmingly male predilection of 7.38:1%° in
Western countries, where homosexual intercourse is a major mode of
transmission. However, in developing continents, such as Africa and Asia,
heterosexual intercourse is the major route of transmission of HIV. This is
reflected in the country of Botswana, Africa where the prevalence rate of
AIDS in 2003 was 37.3% and where 37% of pregnant females are infected
with HIV.

PCNSL and PIOL in Other Immunocompromised Populations

PCNSL in Organ Transplant Recipients. The transplantation of solid
organs has been reported to be associated with increased risk of develop-
ing lymphomas. This syndrome is known as post-transplant lymphopro-
liferative disorder (PTLD) and two factors are associated with the
occurrence of PTLD — iatrogenic immunosuppresion and EBV.” Thus,
PCNSL that arises in PTLD patients is quite similar to that in AIDS
patients. Unlike these two immunocompromised conditions, EBV seems
not to play a major role at all in the occurrence of PCNSLs in the immuno-
competent population.”"” Interestingly, the second most common type of
malignancy in transplant patients after non-melanoma skin cancer is
PCNSL.” The risk of developing PCNSL is approximately 2.5% in such
patients, but increases with the use of certain immunosuppressive agents,
especially the use of multiple agents together like cycolosporin A, azathio-
prine, and prednisone.” Certain organ transplants may require more rig-
orous use of immunosuppresants. For example, renal transplant patients
typically are treated with cyclosporine or azathioprine (more recently,
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however, with tacrolimus and mycophenolate mofetil)” and biologics, and
have a 1-2% risk of developing PCNSL. On the other hand, cardiac,
pulmonary, or hepatic transplantation can require more intensive
immunosuppression and these patients have a 2 to 7% risk of developing
PCNSL.”*7¢7% Indeed, a patient who had undergone heart transplant
surgery received cyclosporine, azathioprine, and prednisone immunosup-
pression later developed symptoms of dementia as well as vitreous cells
and retinal infiltrates in the left eye.”® Magnetic resonance imaging (MRI)
scan showed an orbital apical mass in the left eye with extension to the
brain. Craniotomy with biopsy showed a probable lymphoma. At autopsy,
she was found to have B-cell PCNSL in the left orbitofrontal cortex, hypo-
thalamus, corpus striatum, mammillary body, and posterior lobe of the
pituitary and PIOL involving the vitreous, retina, RPE, optic nerve, iris
and ciliary body. Most of the NHLs and PCNSLs that develop in trans-
plant patients are DLBCLs, but T cell PCNSLs have been described before.
For example, the first case of T cell PCNSL in a renal transplant patient
was described by Hacker and colleagues.” In this case, a 33-year-old
female received a kidney transplant for end-stage renal failure due to renal
dysplasia. She received azathioprine and prednisone and was found to
have developed a T cell PCNSL at 51 years of age.

PCNSL in Congenital Immunodeficiency States. Those born with
immunodeficiency states carry a 4% risk of developing PCNSL at a median
age of 10 years.**® Cerebral lymphomas can occur in diseases such as severe
combined immunodeficiency®” and Wiskott-Aldrich syndrome.'>'>*

PCNSL in Patients with latrogenic Immunosuppression. Conditions
requiring immunosuppressant therapy for treatment have been reported
to be associated with increased risk for developing PCNSL. Recently, a
patient receiving mycophenolate mofetil for myasthenia gravis was
reported to develop PCNSL after three years of treatment. After with-
drawal of the immunosuppressant, the lymphoma regressed.*

Understanding the Rise in Incidence of PCNSL

The Changing Incidence in PCNSL and PIOL. Two factors that can
account for part of the increasing incidence of PCNSL and PIOL are
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increasing awareness and recognition of these malignant processes. As
ophthalmologists became increasingly aware of the existence of these
malignancies (PCNSL not having been reported in the literature before
1929% and PIOL being reported during the 1950s and 1960s),***” mount-
ing reports evidenced the fact that cases that would have previously been
diagnosed as simply uveitis were being properly diagnosed as PIOL.

An example of the increasing awareness and recognition of cancers in
general is evidenced by the actions taken by the United States Congress in
the 1970s.

United States Congress and Cancer. The prevention, diagnosis, and
treatment of cancer has been an important goal of the United States
government for over three decades. To this end, the National Cancer Act of
1971 (Public Law 92-218; 92nd Congress, S. 1828; December 23, 1971)
was signed into law by United States President Richard Nixon. The Act was
an amendment to the Public Health Service Act and was created specifi-
cally to enable the NCI to combat cancer. In Findings and Declaration of
Purpose, Section 2 of the Act, the United States Congress recognizes not
only the increasing incidence in cancer, but the far reaching effects the
disease has on the citizens of the United States. The fact that cancer is
aleading cause of death in the United States is also recognized by Congress
with a desire for advancements in the arenas of prevention and therapy
through scientific research and discovery. The Act mandates in Section 407
(a) that, “The Director of the National Cancer Institute shall coordinate all
of the activities of the National Institutes of Health relating to cancer with
the National Cancer Program.” In addition, there are explicit mandates
that efforts be expanded, intensified, and coordinated through a cancer
program such that data and discoveries and advancements are dissemi-
nated in an expeditious manner for the purpose of improving cancer
detection, treatment, and survival. In addition, collaborations between
foreign researchers are encouraged, fostering benefits for people with can-
cer worldwide. The President of the United States is given power to select
the three members that make up the President’s Cancer Panel, two of
whom must be scientists. The Cancer Act also calls for the establishment
of a National Cancer Advisory Board within the National Cancer Institute
(NCI). The President of the United States is charged with reviewing the
administrative procedures of the National Cancer Program and reporting
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to Congress, “the findings of such review and the actions taken to facilitate
the conduct of the Program, together with recommendations for any
needed legislative changes.” The mandates set forth by the Cancer Act of
1971 have helped seed the growing advancements in the realm of cancer
research not only in the Unites States, but throughout the world.

The SEER Program. One of the myriad accomplishments brought
forth by the NCI’s new responsibilities and powers is the Surveillance,
Epidemiology and End Results (SEER) report. This report is a compilation
and profile of data concerning cancer, including the incidence, mortality,
and survival data of the various cancers. Furthermore, the SEER program
tracks the changes that occur in the incidence, mortality, and survival for
each type of cancer. Non-profit medical-related organizations are con-
tracted with the NCI’s SEER program and these organization keep a “can-
cer information reporting system” that includes data such as cancer
patients that are seen, diagnostic services that are performed, histologic
reports of cancers, cancer sites, therapy, and patient demographics.
Mortality data is recorded and population estimates are obtained from the
United States Bureau of the Census. The result of collecting this data is
that long-term trends in the incidence and mortality of various types of
cancer can be identified. The SEER program initially tracked the incidence
in cancer of eight United States geographic locations and later expanded
to include 13 geographic locations within the United States.

Findings and Data Supporting the Increasing Incidence in PCNSL
and PIOL. PCNSL was and still is a relatively rare malignancy. However,
the rising incidence in some areas and outside the context of AIDS is cause
for concern. The rising incidence in PCNSL and PIOL can be traced by the
paths taken by others since the 1970s. For example, Freeman and col-
leagues examined 1467 cases of extranodal NHL obtained from the End
Results Group of United States cancer registries at over 100 hospitals
between the years 1950-1964° (recall the first account of intraocular lym-
phoma was in 1951,% which is described in Chapter 2). Twenty-three cases
(1.57%) and 32 cases (2.18%) were lymphomas of the CNS (brain and spinal
cord) and eye (eye and orbit), respectively. There were 23 cases (1.57%) of
lymphomas occurring in another immunologically privileged organ, the
testis. Whether the ocular lymphomas were primary intraocular or adnexal
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is not examined. In 1975, Jellinger and colleagues examined 80 cases of
CNS lymphoma from a series of approximately 8000 intracranial tumors
and found the incidence of CNS lymphoma to be 0.85%."° Zimmerman
examined 7000 cases of intracranial tumors and found that 208 (3%) had
a lymphoma. Evidence gathered over the past half century indicates the
incidence of the malignancy is increasing.

Data Supporting the Increasing Incidence in PCNSL and PIOL. Eby and
colleagues were the first to report on the increasing incidence of PCNSL."
Eby et al. turned to the National Cancer Institute’s (NCI) Surveillance,
Epidemiology, and End Results (SEER) Program’s report covering the years
1973 through 1984 and the Third National Cancer Survey covering the
years 1969 through 1971.% Though the SEER program data did not provide
information on the immune status of PCNSL patients, Eby attempted to
minimize the influence AIDS patients (an immunocompromised group at
high risk for developing PCNSL) have on data concerning PCNSL rates by
excluding never-married men. Previously, Daling and colleagues had
described that, compared with men currently married or who have wed in
the past, never-married men are a high risk group for harboring AIDS.”
Eby et al. found that the age-adjusted rate per 10 million people in the United
States was 2.7 for the years 1973 through 1975. The years 1976 through
1978 and years 1979 through 1981 saw an increase in incidence rates to 4.8
and 5.8 in 10 million population, respectively. The last time period studied
by Eby and colleagues, 1982 through 1984, saw the incidence rate increased
to 7.5 in 10 million, an almost three-fold rise over a decade. The Chi-square
trend was 15.25 and this increase was statistically significant (P value <
0.001). The incidence rates for both men and women increased over the
same time periods. The time period 1973 to 1975 saw an incidence rate of
1.8 in 10 million and 3.5 in 10 million for men and women, respectively.
The last time period studied, years 1982 through 1984, saw an incidence
rate of 6.5 in 10 million for men and 8.9 in 10 million for women.

Certainly improvements and advancements in diagnostic techniques can
account for increases in the incidence of certain diseases, and Eby’s group
conceded that this could be the case with PCNSL. Also, one must remember
that PCNSL was not always known to be a lymphomatous process. Indeed,
in Chapter 3 on “Classification of Lymphoma,” the change in the nomencla-
ture of PCNSL was explored. Aside from being known as a reticulum cell
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sarcoma, lymphoma of the brain was also known as microglioma.” Eby
et al. attempted to follow the trends for microgliomas in addition to the
PCNSL finding for both synonymous diseases that the incidence rate per
million population increased over the first three time periods examined
(1973 through 1975, 1976 through 1978, and 1979 through 1981).
Microgliomas showed a statistically significant increase in incidence from
3.8 in 10 million population during the 1973 through 1975 time period, to
8.5 in 10 million during the 1982 through 1984 time period. The period of
1982 through 1984 saw a decrease in incidence rate of microglioma to zero
in 10 million population, reflecting the change in nomenclature resultant
from the developing cognizance of the lymphomatous nature of the
malignancy. When Eby combined the incidence of brain lymphoma with
microglioma (including earlier data covering the period 1969 through
1971 from the Third National Cancer Survey) there was an increased inci-
dence. Eby was curious to see if other immunologically privileged organs
also showed similar increases in incidence rates. Interestingly, neither eye
nor testis showed an increased incidence over the time periods examined.'?

Fine and Mayer performed a retrospective analysis of the literature
describing cases of PCNSL reported between January 1980 and September
1992, finding 40 series of PCNSL occurring in patients without AIDS and
32 series of PCNSL that had developed in AIDS patients.”® The two
researchers found that the immunodeficient state brought about by AIDS
was the major contributor to the rise in incidence rates of PCNSL in
immunocompromised patients. Both Fine and Mayer also found that the
incidence rate for those with immunocompetency increased as well, but
for an unknown reason. The male to female ratio in immunocompetent
patients was found to be 1.35:1, while in AIDS patients this ratio showed
an overwhelmingly male predilection, 7.38:1.

Fine and Mayer pointed out that the work of Eby and colleagues'? had
excluded never-married men as a means of excluding AIDS patients.*
However, as Fine notes, men who have been married, in addition to women
and children, can have the disease and that it is not exclusive to any lifestyle.
Thus, one must assume that there are indeed some AIDS patients still left in
Eby’s data even after exclusion of never-married men. Oleson and colleagues
also brought up the point that AIDS patients can be attempted to be con-
trolled for in the numerator of calculations made in the determination of
the incidence rates, but it is impossible to exclude these patients from the
denominator, which represent the total population."* Thus, the incidence
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rates might actually be higher than determined in the supposedly immuno-
competent populations. Of course, Eby and colleagues desire to exclude
AIDS patients makes sense when one considers differences in the pathobi-
ology of the disease between AIDS and immunocompetent patients. This
difference is the Epstein Barr virus (EBV), which will be discussed in detail
in Chapters 7 and 8. Instead of using the SEER data, Fine and Mayer per-
formed a MEDLINE database search of articles on PCNSL printed in
English between January 1980 and September 1992 and then searched the
same database for the literature with the terms, “AIDS,” “human immunod-
eficiency virus (HIV),” “lymphoma,” and “central nervous system.” By per-
forming these searches, Fine was able to identify 792 non-AIDS patients
with PCNSL and 315 AIDS patients with the malignancy. Both Eby et al. and
Fine and Mayer recognized that improved diagnostics (e.g. the introduction
of MRI) and increased screening, recognition, and awareness could account
for the increased incidence. However, Eby et al. followed the incidence of
microgliomas, another primary brain tumor that is diagnosed in much the
same was as PCNSL." Interestingly, Eby et al. found that the incidence of
microgliomas had not increased even after the introduction of the MRI. In
addition, the increased incidence of PCNSL had already started to occur
prior to the common utilization of MRI scanning for brain lesions. Fine and
Mayer supported the reasoning that improved diagnostics could be the
explanation for the increased incidence by noting that over the mid-1980s
to mid-1990s there was a higher percentage of PCNSLs identified in resected
or biopsied CNS malignancy specimens.*® Perhaps the increased incidence
of PCNSL was due to a similar increase in NHLs in general. Eby et al. found
that although the incidence of NHLs had increased since the SEER program
had started, it had actually leveled off during the early to mid-1980s.
However, this was not the case for PCNSLs.

Corn et al. and colleagues also turned to the SEER program’s data to ana-
lyze the attributes of the increased incidence of PCNSL." Their analysis was
performed in much the same way as Eby and colleagues.'> Corn reported the
incidence rates for NHLs, all gliomas, glioblastoma, and PCNSL from the
SEER data during the time period 1973 through 1992. Like Eby and col-
leagues, Corn et al. analyzed the incidence rates for patients with never-mar-
ried men excluded and for all patients (with never-married men included).
The trends in the age-adjusted crude incidence rates for PCNL in the two
groups; the group with exclusion of never-married males; and the group with
inclusion of never-married males, showed that the incidence rate was still
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increasing since the report by Eby et al. in 1988. For the group with inclusion
of never-married males, the incidence rate in patients below 60 years of age
was 1.7 per 10 million population, and in those over 60 years of age it was 7.3
per 10 million in population for the period 1973-1975. The period 1991-1993
saw the incidence rate increased to 16.9 in 10 million and 100.9 in 10 million
for those under 60 years and those over 60 years, respectively. With the inclu-
sion of never-married men, the incidence rates started at 1.9 and 8.5 in 10 mil-
lion for those less than 60 years and those greater than 60 years, respectively.
By 1993, the incidence rates had increased to 59.6 (for patients less than 60
years of age) and 103.6 (for those over the age of 60 years) in 10 million pop-
ulation. Corn and colleagues showed their findings graphically for PCNSL
with non-PCNSL NHLs, gliomas, and glioblastoma. PCNSL certainly showed
a lesser incidence rate for all periods of time than the other three tumors ana-
lyzed, but the rate of increase in incidence was greater than that for non-
PCNSL NHLs. While Fine and Mayer and Eby ef al. recognized that
advancements in imaging of intracranial lesions and screening had been made
that might explain in part the rise in incidence, Corn and colleagues also men-
tioned that perhaps the incidence of the disease would have been underesti-
mated, at least in AIDS patients. The reason for this is due to a disinclination
of surgeons to biopsy AIDS patients with brain masses.”” Since the diagnosis
of PCNSL is based on histopathology (i.e. tissue must show evidence of a
lymphomatous process), the lack of biopsies in AIDS patients could certainly
leave many cases of PCNSL in this population underdiagnosed. In addition,
after extrapolation to the year 2000, PCNSL showed no decline or leveling off.
The trends for other tumors, including non-PCNSL NHLs, gliomas, and
glioblastomas showed a modest increase in incidence. The rate of diagnosis
for PCNSL had also increased over the interval of time analyzed.

The Role of Infectious Agents in PCNSL and PIOL. Investigators have
suggested a role involving oncogenic viral infections. Though infectious agents
could potentially play a role in causing PCNSL in immunocompetent patients,
no definitive association has been made. EBV has been associated with
Burkitt’s ymphoma and PCNSL.****** Intriguingly, Corboy et al. found that
DNA of the human herpes virus 8 (HHV-8), an infectious agent associated
with Kaposi’s sarcoma, primary effusion lymphomas, Castleman’s disease,
and multiple myeloma, was detected in the 56% of PCNSLs from 36 patients
with and without AIDS.” Unlike the lymphomatous cells, the surrounding
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normal brain tissue was negative for the viral DNA. Others have described
findings of infectious agents in PCNSLs, including PIOLs, occurring in non-
AIDS patients. Chan and colleagues from the National Eye Institute (NEI)
discovered that in four ocular samples of PIOL cells of 13 examined, there
was DNA from HHV-8; among these specimens only one from a patient
with AIDS contained EBV DNA.” Later, Shen and colleagues reported that
two ocular specimens of 10 PIOL immunocompetent patients contained
Toxoplasma gondii DNA.” Though these findings in immunocompetent
patients are captivating, there has been no definitive link of infectious agents
causing PCNSLs or PIOLs in this population.

Other infectious agents may be associated with other ocular lym-
phomatous processes. For example, some extranodal marginal zone lym-
phomas of mucosa-associated lymphoid tissue (MALT), specifically gastric
MALTs (arising from the major causative agent in gastric ulcers) have been
found to arise due to infection by the bacterium Helicobacter pylori”>”
Indeed, Helicobacter pylori DNA is found in conjuncitval MALT lym-
phoma.'” Currently, 15% of NHLs in patients infected with HIV are
PCNSLs, while this malignancy makes up 1% of NHLs in immunocompe-
tent patients. Certainly in AIDS patients, latent EBV infection is associated
with the development of PCNSL and PIOL.* However, as noted previously,
the use of HAART may have the potential to affect what genotypic subtype
of PCNSL and PIOL develops within the AIDS patients. As HAART
decreases the ability of opportunistic infections to cause disease in AIDS
patients and as this important therapy is able to maintain a B and T cell
milieu that is more similar to an immunocompetent patient, we may find
that a shift from ABC DLBCL toward GCB DLBCL type PCNSLs occurs.
This is important because as we direct therapy towards PCNSLs and PIOLs,
targeting the genes or gene products that are expressed in genotypic sub-
types of CNS lymphomas will more specifically eradicate the disease.
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Chapter 5

Clinical Manifestations of PIOL

Historical Account

The clinical manifestations of reticulum cell sarcoma (now known as
PIOL) often resemble that of uveitis and, occasionally, infectious ocular
diseases. Thus, PIOL is a masquerade syndrome.

By 1988 nearly 100 cases of intraocular reticulum cell sarcoma (PIOL)
had been reported in the literature. It was in the late 1980s that most of the
literature recognized the lymphomatous origin of this ocular malignancy.

First Cases of Lymphoma in the Eye. The first patient with intraocu-
lar lymphoma (though most likely to be a systemic metastasis to the eye)
to be reported in the literature' showed ocular symptoms before the sys-
temic disease was discovered. What brought this rather young (27 years of
age) gentleman to his ophthalmologist (prior to being referred to Cooper
and Ricker) were complaints of ocular pain and blurred vision in the right
eye (Table 5.1). Not unusual even today, the patient was diagnosed initially
with iritis and was prescribed corticosteroid treatment. When he was
referred to Cooper and Ricker, visual acuity in the right eye was good,
being 20/25. A mild ciliary flush was noted, and slit lamp biomicroscopy
revealed mutton fat keratic precipitates. In addition, the iris stroma was
thickened with engorged vessels. Fundus examination revealed an edema-
tous optic nerve head and surrounding retina. Periphlebitis and engorged
retinal veins also characterized the fundus examination. The retina exhib-
ited retinal hemorrhages. Topical and systemic corticosteroid therapy for
presumed uveitis was instituted, and, as is all too commonly the case with
even modern descriptions of PIOL, the inflammation exhibited by the
patient’s right eye was refractory to treatment.
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Table 5.1 The First Cases of PIOL

Ouclar Examinations

Slit Lamp Dilated Fundus
Patient Initial Other Anterior Optic
Author Year Information Complaints Complaints Cornea Chamber Iris Lens Vitreous Retina Nerve
Cooper & 1951 27-year-old Pain and 3 years earlier, Mild  Keratic Iris OD* Not stated  Free of Numerous Edema of
Ricker male blurred swollen lymph  ciliary precipitates eventually hemorrhage retinal optic
VA® right nodes of groin;  flush  |op right became hemorrhages  nerve head
eye. VA 2 years earlier eye, 50 thickened throughout
measured  jaundice, mHG and posterior fundus
as 20/25 headaches, AC became synechiae Retinal veins
Later VA decrease in more developed engorged with
right eye weight by shallow as  Large nodules preiphlebitic
became 19 pounds iris became (34 mm in changes
hand Six months thicker diameter),
motion later right Lop also
testicle became developed in
swollen to size eventually the iris; these
became
of a peach, nodules grew
liver and subnormal larger and

spleen became
palpable

then became
smaller

(Continued)
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Table 5.1 (Continued)

Ouclar Examinations

Slit Lamp Dilated Fundus
Patient Initial Other Anterior Optic

Author Year Information Complaints  Complaints Cornea Chamber Iris Lens Vitreous Retina Nerve

Currey & 1965 50-year-old Pain, Not stated Not  Notstated Rubeosis Dense, Not stated ~ No view of Not stated

Deutsch African- redness, stated iridis cloudy lens fundus due to
American loss of lens
male vision

0% 3
months

Vogel 1968 67-year-old Not stated  Not stated Not Not stated ~ Ciliary body =~ Not stated Not stated  Retina Not stated
Caucasian stated and iris infiltrated by
male infiltrated by RCS

RCS'

Nevins 1968 64-year-old Blurred and Patient suffered WNL*> WNL WNL Minimal ~ Vitreous Posterior RCS
Caucasian  decreased  from nuclear stranding  chronic non- infiltration
female vision nocardiosis sclerosis ou granulomatous

prior to death ou’ uveitis OU
RCS right eye

of choroid and
subretina

'RCS = reticulum cell sarcoma; *WNL = within normal limits; *OU = both eyes; *OD = right eye; >OS = left eye; °VA = visual acuity.
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Currey and Deutsch described a middle-aged patient of 50 years who
presented with a painful and red left eye that had a decline in vision to the
point of being noted as “blind” (Table 5.1).” Slit lamp examination revealed
many keratic precipitates and anterior chamber flare. Rubeosis iridis was
also noted, and funduscopic examination was difficult to perform due to a
dense cataract. Treatment with atropine, hydrocortisone and antibiotic
ointment, and a carbonic anhydrase inhibitor was initiated, but the eye was
intractable to such treatment. For this reason, the left eye was enucleated
and submitted for pathologic inspection. The tissues surrounding the
cornea exhibited infiltration by lymphocytes, and the cornea showed some
lymphocytes within the stroma. The iris, ciliary body, pars plana and choroid
all showed thickening on gross examination. Microscopic examination
revealed that the trabecular meshwork and canal of Schlemm, iris and cil-
iary body were densely infiltrated with lymphocytic cells. (Intraocular pres-
sure prior to enucleation had been described as being 60 mm of Hg.) The
retina exhibited some degeneration of the rod and cone processes as well as
the outer nuclear layer, but no lymphocytic infiltrate. The choroid, how-
ever, was thickened by a cellular infiltrate. These cells also filled the lumen
of the choroidal vessels. Fibrotic areas with obliterated choriocapillaris and
necrosis of the RPE were revealed. The lamina cribrosa was infiltrated by
the neoplastic cells as well. The diagnosis of reticulum cell sarcoma of the
uveal tract and optic nerve was made. As we know, uveal infiltration by
neoplastic lymphocytes is the characteristic of a systemic metastasis to the
intraocular tissues,” whereas PIOL characteristically localizes between the
sub-RPE and Bruch’s membrane.*’

Could this patient have harbored a systemic lymphoma that metasta-
sized to the eye? Currey and Deutsch noted on the basis of clinical exami-
nation as well as X-ray series that this patient did not seem to have a
systemic lymphoma; CT and MRI were not available at that time. The
patient was apparently alive and well without any evidence of recurrence
11 months post-operation. However, a case presented just one year earlier
to Currey and Deutsch’s description made it evident that a malignant lym-
phoma of the uveal tract could precede the discovery of a systemic lym-
phoma.® Interestingly, Nevins provided some follow-up information on
Currey and Deutsch’s patient.” He arrived at a hospital dead two years after
enucleation. Unfortunately, no autopsy was performed, so it is unknown
what the exact cause of death was in the case of this patient.
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First Cases of PCNSL with PIOL. As more cases of true PIOL were
described in the literature, a characteristic clinical picture of the disease
began to develop. Vogel and colleagues from the Armed Forces Institute of
Pathology (AFIP) in Washington, D.C., described six cases of patients with
eye, brain, or bifocal reticulum cell sarcoma. These patients complained of
changes in vision, notably blurred and declining vision.® Ophthalmic
examination was reminiscent of uveitic processes: some patients were
noted to exhibit keratic precipitates and anterior chamber cell and flare;
others had retinal hemorrhages. One of Vogel’s patients, a 67-year-old
Caucasian male, initially had lymphomatous infiltration in the left eye, but
later the right eye also developed it. The clinical diagnosis in the left eye
was uveitis with secondary glaucoma in addition to malignant melanoma
of the ciliary body, while the right eye carried a diagnosis of absolute glau-
coma. Pathologic inspection of both enucleated eyes revealed lymphoma-
tous infiltration of the retinas, choroids, ciliary bodies, and irides. When
the patient died three years after his initial ocular symptoms, an autopsy
revealed that there was a reticulum cell sarcoma of the brain; only the left
cerebral hemisphere was affected by the malignancy.

Another of Vogel and colleagues’ patients, a 71-year-old Caucasian
female, presented with a blind and painful right eye for one year. Slit lamp
examination revealed pericorneal injection of a steamy cornea. Visual acu-
ity was questionable light perception. The only finding in the fellow eye
was a cataract. The right eye was enucleated and upon microscopic exam-
ination, anterior chamber chronic inflammatory cells as well as blood were
noted. Many plasma cells and lymphocytes were seen throughout the iris
and ciliary body. The vitreous, too, contained many inflammatory cells.
The retina was thickened, both focally and diffusely by a neoplastic
mononuclear cell infiltrate; some cells were characterized by small fusiform
nuclei and others exhibited large hyperchromatic nuclei. The diagnosis
given was reticulum cell sarcoma of the retina as well as a diffuse chronic
nongranulomatous uveitis.

Nevins and colleagues’ reported a patient with a primary intraocular
reticulum cell sarcoma in 1968. The patient was a 64-year-old Caucasian
female who had complained of 18 months of visual problems initiated by
blurriness. Her visual acuity was initially recorded as 20/25 and 20/20 in
the right and left eyes, respectively, with correction. In 10 months, her
vision had declined to hand motion (HM) OD and 20/30 OS. There was
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a vitreous hemorrhage in the right eye. Her vision continued to decrease,
and nearly a year later, her right eye was light perception (LP) and her
vision in the left eye had deteriorated to 20/200. There is no mention
about the clinical features of this patient prior to her visit to Nevins and
colleagues. However, she was put on a regimen of 40 mg of prednisone
daily, which seemed to have improved her vision in the left eye to 20/60;
the right eye remained LP. Slit lamp examination at this time revealed a
distinct absence of any anterior segment inflammation; there were no
anterior cell or flare and no keratic precipitates. However, funduscopic
examination was more revealing. The vitreous contained vitreous strands
and cells. The right fundus exhibited a slightly elevated white zone of
peripapillary retinopathy. The left eye also exhibited an elevated white
lesion with small dot and flame hemorrhages. Chorioretinal pigmenta-
tion was also noted in the peripheral retina. The vitreous, similar to but
less intense than that in the right eye, showed vitreous stranding and cells.
Vision deteriorated in the left eye to 20/300, and the right eye remained
LP. Systemic examinations at that time were normal except for a chest
X-ray that showed a healed granuloma in the right lower lobe of the lung
and a white blood cell count of 23,000 with normal differential. By then,
the right eye was HM and the vision in the left eye had improved to 20/60.
Due to Cushingoid features that began to develop in the patient, the
intake of prednisone was reduced to 10 mg daily. Subsequently, the
patient’s vision declined to no light perception (NLP) in the right eye and
HM in the left. Attempts at salvaging vision by increasing the prednisone
were unsuccessful.

Systemic illness became evident by then as the patient became lethar-
gic, had slowed mentation, and became stuporous. The patient eventually
died. Autopsy was performed, and systemic nocardiosis was determined to
be the cause of death. Multiple abscesses were found in the brain, lungs
(there was also an empyema of the right hemithorax), heart, thyroid, and
kidneys. Nocardia asteroides, the fungus that causes nocardiosis, is typically
found in immunocompromised patients (such as those taking corticos-
teroids) and characteristically causes cavitations in the lungs allowing it to
spread to distant sites such as the CNS to form abscesses. Though systemic
nocardiosis was found in this patient, who had been on prednisone ther-
apy for 7 months, no evidence of a systemic lymphomatous process was
found. However, ophthalmic pathologic inspection revealed that a primary
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lymphomatous process had occurred in the eyes. Upon gross inspection,
the right eye had vitreous opacities and a peripapillary area of exudation
that was green-white. Grossly, the left eye had an area of exudative retinopa-
thy in the paramacular area. Histopathologically, the main findings in the
right eye were focal areas in the choroid of perivascular lymphocytic infil-
tration. Above these areas of infiltration, the RPE was noted to be reactive
with areas of chorioretinal adhesions and retinal disorganization marked
by gliosis. In addition, there were rare plasma cells in the iris stroma, some
containing Russell bodies. Vitreous stranding with some chronic inflam-
matory cells and macrophages were also found over the vitreous base. The
choroid itself was diffusely thickened up to 15 times the normal thickness.
The tumor was noted to extend through small lesions in Bruch’s mem-
brane to the subretina and overlying retina as well as the optic nerve head.
The histopathology of the left eye also showed areas of lymphocytic infil-
tration, but with very minimal choroidal thickening and no to little over-
lying retinal involvement. However, there was a subretinal plaque,
positively birefringent, overlying the area of the lesion, that disrupted the
RPE and minimally elevated the retina. Unlike in the right eye, a neoplas-
tic process was not evident in the left eye. The tumor cells in the right eye
were multinucleated. Other nuclear features included hyperchromatism,
large size, and being vesicular or oval in shape. Moderate pleomorphism of
the cells was also identified in addition to mitotic figures. Both eyes were
diagnosed as having a posterior chronic nongranulomatous uveitis. The
right eye was diagnosed as “primary, solitary, intraocular reticulum cell
sarcoma which probably arose in the choroid.” However, Nevins concedes
that one cannot discount the possibility that the retina was the primary
tissue of origin of the lymphoma. Indeed, this case could be a PIOL.

An interesting case of a uveitis produced from a metastatic cerebral retic-
ulum cell sarcoma to the vitreous was presented by Minckler et al., also from
the AFIP The patient was a 66-year-old female who noted decreased visual
acuity in both eyes. Visual acuity was measured as 20/50 and 20/40 in the
right and left eyes, respectively. However, just 18 months earlier her visual
acuity had been measured as 20/25 bilaterally. Vitreous clouding was noted
on examination, which preceded the development of CNS symptoms,
including headache and mental status changes. Mild anterior chamber flare
and keratic precipitates were also noted during ophthalmic examinations
prior to her death three years from her initial presentation. An autopsy was
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performed upon this patient’s death. The examination of the brain revealed
a hemorrhagic tumor that was partially necrotic and had replaced the sub-
stance of the thalamus and was found to be impinging upon the left lateral
ventricle. Microscopic examination showed infiltration by mononuclear cells
that are characteristic of reticulum cell sarcoma. The left eye was examined
and showed clouding of the vitreous with clumps of gray-white material at
the base of the vitreous. Some of this material was noted to be consistent with
atypical mononuclear cells having large nuclei and infolded nuclear mem-
branes. The nucleoli were prominent in these cells, and some cells exhibited
necrosis as their nuclei showed karyorrhexis and karyolysis. The iris also con-
tained inflammatory cells, but the retina was spared from any infiltration
except for a disciform chorioretinal scar located in the region of the macula.
Focal collections of chronic inflammatory cells were found in the choroid,
and optic nerve atrophy was also exhibited. The right eye also showed inflam-
matory cells in the anterior vitreous, and this was the only abnormality. The
vitreous cells in both eyes were considered to be reticulum cell sarcoma cells.

Modern Clinical Manifestations

Despite advances in imaging and diagnostic modalities, PIOL is still
considered to be a masquerade syndrome, often eluding diagnosis for
many months.'”'® Awareness of the demographics, systemic and ocular
manifestations, and clinical findings can help guide an ophthalmolo-
gist/neurologist/oncologist’s differential diagnosis toward PIOL.

Systemic Presentations and Manifestations

B Symptoms. B symptoms, including unexplained and persistent fever
and chills, drenching night sweats, fatigue, and weight loss, are often present
in patients with malignancy or chronic infection. Though the central ner-
vous system may seem distant and protected from the rest of the body, sys-
temic presentations of lymphomatous processes in the central nervous
system are well recognized. While certain systemic signs might suggest a sys-
temic NHL, PIOL can produce some similar systemic signs, especially when
it occurs with cerebral disease. Classically, systemic NHL is characterized by
B symptoms, including low-grade fevers in excess of 38°C, night sweats, and
weight loss in excess of 10% of a patient’s body weight, which occurs over
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six months."” Such systemic complaints by a patient should arouse suspicion
that a systemic lymphomatous process is occurring. Even when ocular
symptoms such as blurred vision and floaters are a complaint of the patient,
the occurrence of systemic symptoms requires that a systemic NHL be ruled
out. Indeed, in 1951, Cooper and Ricker elicited symptoms such as a 10%
weight loss from the first described patient with ocular lymphoma' that
were evocative of today’s B symptoms. Importantly, the presence of B symp-
toms should be noted in the patient’s chart since this can be prognostically
useful. Approximately 40% of patients with systemic NHL will present with
B symptoms."” In cases where B symptoms are present, it is important to
inquire about the patient’s past medical history (including any past history
of cancer, other underlying diseases, and infections), family history of malig-
nancies, history of travel to other countries, recent contacts with the sick,
and exposure to toxic and noxious agents in the patient’s occupation. When
a systemic NHL is present, another systemic complaint or presenting feature
can include lymphadenopathy. Patients may complain of a rapidly growing
peripheral lymph node or perhaps a lymph node that seems to slowly grow
and then regress, only to reappear later. An infectious process should be
excluded in cases of lymphadenopathy, and attention should be paid to
common sites of lymphadenopathy associated with systemic NHL, includ-
ing the cervical and supraclavicular lymph nodes.'® Other lymph nodes that
should be assessed during the physical exam include the inguinal and
femoral lymph nodes, those located in the tonsils, and those around the
liver, spleen, and abdomen. However, since up to 35% of systemic NHLs can
present extranodally,'” the lack of lymphadenopathy should not steer one
away from suspecting this disease. Thus, it is important to perform a chest
X-ray, thoracic and abdominal CT scans, a bone marrow biopsy, brain MRI,
and HIV testing. When systemic findings are found in association with cere-
bral or ocular lymphomas, metastasis from a systemic NHL to the CNS, sys-
temic metastasis from a PCNSL or PIOL (which is rare with approximately
7% to 10% of PCNSL metastasizing to other systemic extranodal sites'), or
systemic symptoms produced from lymphomatous process not extending
beyond the neuraxis should be considered.

In their histopathologic case series of eight patients with PIOL,
Qualman and colleagues described one patient who, unlike their other
patients, initially complained of fever and cervical lymphadenopathy.*
Although the ocular presentation of the tumor in this particular 49-year-old



52 Primary Intraocular Lymphoma

black female was confined mainly to the posterior choroid, there was
vitreal involvement. However, in keeping with a metastasis from a sys-
temic NHL, there was lymphomatous involvement of the eyelids and left
conjuctivum, sites from which the diagnosis of diffuse large cell lym-
phoma was made. Autopsy upon the death of the patient, 14 months after
initially complaining of systemic symptoms, confirmed the diagnosis of a
visceral diffuse large cell lymphoma with ocular involvement. The
authors pointed out that this case did not have optic nerve or chiasm
involvement nor was the brain involved in this patient’s systemic NHL.
Another patient in their series had visual complaints, primarily decreased
visual acuity in both eyes, and also had systemic symptoms early in the
disease course. Though the patient became terminally comatose with
primitive reflexes and a left Babinski reflex, in addition to a left ptotic eye-
lid, the patient’s brain at autopsy did not reveal lymphomatous disease.
Instead, multiple visceral organs were infiltrated with diffuse large cell
lymphoma. Histopathologic analysis of the deceased man’s eyes disclosed
choroidal infiltration by diffuse large cell lymphoma, but the vitreous also
contained lymphomatous cells.

Systemic complaints, especially fever, night sweats, a decrease in
weight, or lymphadenopathy, are suggestive of a systemic NHL. When
uveitis is a complaint in the presence of systemic symptoms suggestive of
NHL, an ophthalmologist must rule out a metastatic seeding from the vis-
cera to the choroid or uvea of the eye.

Systemic Examinations. As noted previously, PIOL can occasionally
present with systemic complaints, though systemic findings may be more
difficult to uncover. The discovery of systemic findings such as cachexia
and lymphadenopathy should cause one to consider systemic tumors.
Again, the presence of B symptoms may very well suggest an NHL.
Systemic examination can be as simple as examining the skin. This
becomes important with cutaneous T cell lymphoma (CTCL), also known
as mycosis fungoides.”>** Though its association with PIOL is rare, cases of
intraocular involvement by cutaneous T cell lymphomata have been
reported.” Thus, it is important to check the integumentary system, pay-
ing attention to the presence of skin rashes or plaques. CTCL most often
affects the skin of the legs and torso** and can often be confused with the
plaque lesion of psoriasis.”
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PCNSL and PIOL Simulating Systemic Symptoms. Despite B symp-
toms being associated with systemic lymphomatous disease, their occur-
rence is not exclusive to systemic NHL. For example, in one particular
study, 8% of immunocompetent Canadian patients with PCNSL pre-
sented with constitutional B symptoms.*® Likewise, in a retrospective
review of immunocompetent patients from France and Belgium, 7% of
the patients showed systemic manifestations prior to being diagnosed with
PCNSL.” Systemic symptoms included gastrointestinal symptoms, respi-
ratory illness, or fever. Some of the systemic symptoms produced in PIOL
and PCNSL have to do with local or global effects on the brain. For exam-
ple, increased intracranial pressure due to edema of cerebral parenchyma
caused by lymphoma can produce headache. Headache in this instance
appears to be due to the pain fibers that travel within cranial nerve V
within the dural blood vessels. Local or distant mass effects on the reticu-
lar formation within the brainstem may produce depressed consciousness,
which can be interpreted as malaise. The vomiting center within the
medulla can be stimulated as well due to direct mass effect or cerebral
edema. While the classical B symptoms have definite criteria, the systemic
symptoms produced from PIOL and PCNSL might be more subtle and
therefore require an astute clinician’s careful inquiry into the patient’s his-
tory. Rarely, central neurogenic hyperventilation may occur due to lym-
phoma occurring in the brainstem.?

CNS and Ocular Symptoms, and Manifestations

CNS Symptoms. When the CNS is affected by the lymphomatous dis-
ease, changes in behavior and mental status usually occur. Like other
malignancies that afflict the brain, mass lesion effects that produce focal
neurologic symptoms and deficits can suggest the presence of an intra-
cranial tumor. CNS symptoms vary between immunocompetent patients
and patients with severe deficits in their immune system, such as AIDS
patients.

In 1993, Whitcup et al. reported 12 cases of intraocular lymphoma.* The
majority of cases complained of blurred vision and floaters. However, two
patients presented with neurologic symptoms. One patient presented with
seizures and the other with diplopia and, interestingly, a hoarse voice. Half
of the patients in Whitcup’s study had CNS lesions as seen on radiography
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by the time the diagnosis of PIOL was made. Five other patients even-
tuated to CNS disease as determined by CSF cytology after PIOL had
been diagnosed. One patient refused lumbar puncture for CSF cytology
altogether.

When the systemic disease metastasizes to the leptomeninges, cra-
nial nerve, spinal cord, and radicular symptoms can occur.’® Primary
lymphoma of the leptomeninges is less common, but would manifest in
much the same way as a metastasis from a systemic source.”’ Thus,
visual and auditory deficits might be present, or facial nerve parasthe-
sias or pain might occur. Compression of the spinal cord or dorsal or
ventral roots may manifest as incontinence or limb parasthesias, though
primary lymphomatous involvement of the spinal cord is quite rare.’
While immunocompetent patients seem to have focal lesions, AIDS
patients can present with multifocal lesions that can be more complex
and diffuse neurologic manifestations.””*> In Bataille’s examination of
CNS symptoms manifesting from PCNSL, the most common finding
(70% of cases) was a focal neurologic deficit, such as aphasia, ataxia,
or a hemiparesis. Psychiatric manifestations, including depression,
slowed mentation, and confusion were seen in 43% of the cases upon
first presentation. Gastrointestinal symptoms, such as nausea and vom-
iting, were also common (33% in association with increased intracra-
nial pressure).

Ocular Manifestations, Symptoms, and Complaints. More typically, a
patient with PIOL will present with ocular complaints of blurred vision or
decreased visual acuity.''"'>'**** 42 The patient may note a new onset of
metamorphopsias or “floaters.” Photopsias, or “flashes,” seems to be
described infrequently in the literature. These complaints almost reflex-
ively bring uveitis to the forefront of an ophthalmologist’s differential
diagnosis. Less often, patients complain of discharge and photophobia.
Ocular pain or foreign body sensation is also infrequently a complaint of
patients with PIOL, but is not unheard of.**** Occasionally, periorbital
swelling may be a complaint.*"

Iris involvement has been documented in PIOL. While posterior
synechiae may be a common finding in uveitis, such iris lesions are not
common in PIOL patients. For example, in Matsuo’s case series of 10 con-
secutive patients with PIOL over a 16-year period, two patients were noted
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to have posterior synechiae.* In Velez and colleagues’ review of the previ-
ous literature accounting for 163 cases of PIOL, only five cases were noted,
on clinical examination, to have posterior synechiae.* Likewise, iris infil-
tration with lymphomatous cells was a rare occurrence, with five cases
exhibiting it. Velez and colleagues reported two patients from the National
Eye Institute (NEI) who exhibited infiltration of the iris by PIOL.* One
patient, a 51-year-old Caucasian male, had an eight-year history of decreased
vision and floaters bilaterally. Through the years he had been diagnosed as
having intermediate uveitis and had bilateral pars plana vitrectomies with
scleral buckles. Prior to presentation at the NEI, this patient was noted to
have anterior chamber cells in the right eye and cell and flare in the vitre-
ous. Subretinal lesions whitish in color were noted upon funduscopic
examination of the right eye. When the patient was examined at the NEI,
iris heterochromia of the right eye was noted. The right eye’s iris had lost
the varied hues of grey and blue that characterized the left eye. Instead, the
right eye appeared more uniformly greyish-white, and there were
engorged circumcorneal vessels. Findings on slit lamp examination sug-
gestive of iris involvement in PIOL include a thickened cornea, engorged
iridal vessels, and iris nodules.*” Gonioscopy may reveal cellular infiltra-
tion as well.*®

An ophthalmologist must have a high index of suspicion that a uveitic
process may be a hint of a lymphomatous process. Etiological factors
involved in the production of uveitis serve to point one’s clinical suspi-
cions toward a possible PIOL diagnosis or at least a diagnosis of “rule out
PIOL." Often in medicine, when a disease follows a pattern or clinical
script, the ability to tease out a diagnosis from characteristic clinical
nuances can help rule in or rule out certain disease processes. Such is the
case with PIOL. When a patient who is middle-aged or older arrives at his
or her ophthalmologist’s office with complaints of blurred vision and pos-
sibly floaters, perhaps two thoughts should spring to the mind of the oph-
thalmologist: the patient may have a uveitic process occurring, but perhaps
a process more sinister, such as PIOL, could potentially, albeit much less
frequently, be producing such complaints in the patient. On the basis of a
patient’s clinical history, slit lamp and dilated fundus examinations, ultrasono-
graphic and photographic (including fluorescein angiography or indocya-
nine green) examinations, and lab work, such as serologies for infectious
or autoimmune markers (e.g. CBC; VDRL; Toxoplasma, Histoplasma, and
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cat scatch titers; tuberculin skin tests; angiotensin converting enzyme; and
HLA-typing), an ophthalmologist can substantiate his or her suspicion
about the cause of a patient’s uveitis. In addition, chest X-ray or CT scan
may help rule out other causes of uveitis, such as sarcoidosis.***” Thus, a
patient’s clinical history and physical exam findings will help dictate the
tests that should be ordered. If PIOL is suspected, brain MRI and lumbar
puncture for CSF examination and cytology should be arranged.

Masquerade Syndrome. When PIOL presents as a “uveitis,” several key
features allow an ophthalmologist to pursue the possibility of this diagno-
sis further.!'"1>1023+42 PIQL should be considered when an elderly patient
presents with chronic uveitis unresponsive to corticosteroid therapy.

As noted previously, inflammatory infiltrates simulating uveitis can
make the diagnosis of PIOL elusive. However, the presence of a dense vit-
ritis and intraretinal or subretinal lesions appearing as creamy, yellow-to-
white infiltrates may provide convincing evidence that a more malignant
process is occurring. Other retinal lesions that may be noted include reti-
nal hemorrhages,” birdshot chorioretinopathy,* and punctate inner
choroidopathy.**°

Ocular Examinations

Slit Lamp Biomicroscopy. The most common findings seen on slit
lamp biomicroscopy include anterior chamber cells (simply called “cell”)
and protein (known as “flare”). Collections of cells that accumulate on the
corneal endothelium, known as keratic precipitates (KP), may also be seen
on slit lamp examination." Such keratic precipitates may be small or can be
larger, forming mutton fat keratic precipitates.”’ Anterior chamber inflam-
mation composed of many PIOL cells may be so pronounced as to simu-
late a hypopyon (termed pseudohypopyon secondary to the collection of
tumor cells, not inflammatory cells).” Anterior chamber cells may even
collect within the canal of Schlem blocking the flow of aqueous humor and
resulting in increased intraocular pressure’ and secondary glaucoma. Velez
and colleagues’ extensive review of case reports of PIOL showed that 43%
of the total 163 patients exhibited anterior chamber cells.* Indeed, in the
series of nine patients by Char et al., four exhibited minor or no anterior
chamber cells,”” and in Siegel and colleagues’ series of 14 patients observed
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over 10 years, only three exhibited trace to obvious anterior uveitis.* Thus,
when a patient complains of a blurring of visual acuity, the ophthalmolo-
gist should pursue a dilated ophthalmoscopic examination to investigate
the lack of anterior chamber cell and flare.

Dilated Fundus Examination. Dilated fundus examination often
shows a vitritis (vitreous cells and haze), further suggesting uveitis. This is
the most common ocular finding in PIOL. For example, in a review of 163
cases from the literature, 66% of patients were noted to have a vitritis.* At
times the opacities in the vitreous may be so dense that they preclude a
clear view of the fundus.” The vitritis can exhibit many cells in sheets and
clumps, and there may be haze, but this finding is less common than in
uveitis. In our extensive knowledge and experience of the unique clinical
characteristics of PIOL, the simple office technique of having a patient
with vitreous cells shake his or her head can be very telling. In PIOL, visual
acuity can show temporary improvement as the vitreous cells and necrotic
debris are dislodged from their position in the vitreous humor and settle
toward the bottom of the globe. In uveitis, such a maneuver may not
improve visual acuity, especially when vitreous hazing and stranding is a
major component of the uveitic process. Despite the vitritis noted on oph-
thalmoscopic examination, the visual acuity can actually be much better
than expected." In a series of 12 patients, Whitcup et al. reported eight
patients with bilateral involvement. Visual acuities in these patients were
good, ranging most frequently from 20/20 to 20/40.” There were two eyes
in two patients that exhibited HM vision or NLP.

Another important finding during the examination of the fundus is
subretinal lesions. Classically, these lesions have been described as being
whitish-yellow to slightly orange in color, with a fluffy appearance. In
addition, the subretinal infiltrates may have distinct or lobulated borders.
As the tumor initially infiltrates the space between the retinal pigment
epithelium (RPE) and Bruch’s membrane, causing RPE detachments, the
tumor mass can sometimes be visualized with marked contrast to the
remaining attached RPE.”>>’ The involvement of the retina by the tumor
can produce RPE detachments”**
ments.”> The detachment of the RPE from Bruch’s membrane may lead

in addition to exudative retinal detach-

to RPE atrophy in areas associated with tumor infiltration; these areas of
atrophy may show scarring.” Pigment epithelium not directly involved or
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detached by the tumor may exhibit foci of hypertrophy. Often, these
lesions may be multiple in numbers and begin as round to oval in shape.

t'®1L13 and their borders

As they enlarge, the lesions may become confluen
may become more indistinct and ragged as they extend through the RPE.

Though chorioretinal lesions might be found rarely in patients with
PIOL, they may not always be in the orange-yellow-white color recognized
as being the characteristic of PIOL. For example, in the series by Vogel et al.,
one patient had a rather uncharacteristically colored lesion of greyish-
white, though the fluffy borders of this lesion were similar to the classically
described borders of PIOL subretinal lesions.® In a cohort of 10 patients,
60% of patients exhibited sub-RPE infiltrates that were yellowish in color,
with the distinguishing fluffy border. In Siegel and colleagues’ description
of 14 cases of PIOL over 10 years, none were noted to have fluffy subretinal
infiltrates of any color.*” Such lesions may look obscure due to the overly-
ing vitritis.” When lesions of the fundus are noted, it is important to doc-
ument them with photography. This can help to track changes in the size of
the tumor. Small punctate retinal lesions may grow over time so that some
may actually coalesce forming an even larger lesion. While it is known that
tumor infiltrates in such a way that a confluence between the different foci
occurs, the rapidity with which this process occurs is difficult to ascertain
as there are no studies documenting this with respect to discrete time inter-
vals. In addition, treatment with corticosteroids for presumed uveitis can
lead to a reduction in tumor size and some lesions may spontaneously
resolve. However, maintaining records using fundus photography and flu-
orescein angiography (to be discussed in Chapter 6, “Imaging”) can help
follow the progression of lymphomatous involvement. Tumor infiltration
seems to exhibit a spread from the sub-RPE to the retina, with some cases
eventuating to the involvement of the optic nerve.

In 1989, Siegel and colleagues presented their experience with
14 patients with primary intraocular lymphoma (the term, “reticulum cell
sarcoma” was still being used at the time) over a 10-year period.*” Ocular
findings in their patients at presentation displayed a uveitic picture. Anterior
uveitis was noted in three patients, bilaterally in two and unilaterally in
one. Vitreous cells were present in all patients, bilaterally in 10 patients and
unilaterally in two patients. A 27-year-old female patient, in addition to
having bilateral vitreous cells, exhibited RPE atrophy in her left eye.
Another patient, a 66-year-old female had bilateral posterior detachments.
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A 55-year-old female exhibited a Koeppe nodule (iris nodule at the pupil’s
border) as well as retinal masses and infiltrates in her right eye. Three other
patients had unilateral retinal exudates and another had unilateral sub-
retinal lesions. A 64-year-old female had unilateral cystoid macular edema and
retinal exudates. In Char and colleagues’ retrospective series of 20 patients,”
ocular involvement was bilateral in 18 patients. Ophthalmic examination
revealed vitreous cells in all patients. Anterior chamber cells were present in
15 patients. Chorioretinal lesions were noted in 16 patients. Two patients
had retinal hemorrhages in addition to chorioretinal lesions, and another
patient had an exudative retinal detachment. Four patients showed negative
results for chorioretinal lesions, while one patient had a fundus that could
not be visualized due to very dense media opacities.” Chorioretinal lesions
displayed areas of RPE hyperplasia, and some cases exhibited the classical
diffuse and creamy infiltration. Char et al. noted that the time interval
between symptoms and diagnosis of PIOL ranged from 0 to 60 months,
with 11 patients examined prior to 1980 having a mean interval between
symptoms and diagnosis of 24.3 months. Nine patients examined after 1980
had a mean interval of 5.8 months. Asymmetrical cellular involvement
(both anterior chamber and vitreous) and chorioretinal lesions were the
rule in these cases. PIOL eventuated to CNS disease in 16 of the cases. Three
other patients developed systemic lymphoma between one-and-a-half
to three years after being diagnosed with PIOL. In the series of 12 cases
recorded by Whitcup and colleagues,” visual acuity ranged from unilateral
NLP and HM in two patients to 20/20 or 20/16 in some. In fact, though
dense vitritis and retinal lesions were present, six patients had visual acuities
that were 20/40 or better. Some of the retinal lesions are described as
multiple and punctate located in the subretina and being yellow in color.
Table 5.2 shows that the most common presenting ocular complaint in
PIOL is blurred vision or metamorphopsias. Lymphomatous infiltration
of the optic nerve can produce optic neuritis, and optic nerve atrophy can
also be a manifestation.” Acute retinal necrosis (ARN) presentation has
also been documented in the case of some patients,”* developing from
lymphomatous infiltration of a retinal artery and leading to thrombosis.
It is important, however, that ARN due to viral etiologies be ruled out.
This may be done by using genotypic profiling via the polymerase chain
reaction (PCR) amplification on ocular biopsies to detect viral DNA.”"®
In addition, using older but important techniques of viral culture and



Table 5.2 Clinical Manifestations in Major Case Series of PIOL in patients without HIV

Ocular Examinations

Slit Lamp Dilated Fundus
Anterior
Author  Year N! Initial Complaints Cornea  Chamber Iris Lens Vitreous Retina Optic Nerve
Freeman 1987 32 N$? NS  25% with NS NS 50% with solely 19% with choroiditis, 3% with
anterior posterior chorioretinitis, or sub-RPE optic
uveitis (most uveitis/vitritis  infiltrates neuropathy
of these with (22% with 3% with white macular lesions
combined combined
anterior and posterior and
posterior anterior uveitis)
uveitis)
Char 1988 20 13% with decreased/blurred NS  25% with NS NS  72% of patients 19% with choroiditis, 3% with
VA? and/or floaters anterior with posterior  chorioretinitis, or sub-RPE’ optic
35% CNS* symptoms uveitis uveitis/vitritis  infiltrates neuropathy

3% with scattered whitish
macular lesions

Whitcup 1993 12 92% with floaters and/or NS 42% anterior NS NS 100% of ?250% with retinal lesions NS
blurred VA uveitis patients with (including subretinal infiltrates,
vitreous cells punctuate retinal lesions,

17% with CNS symptoms
(1 patient with seizure,
1 patient with diplopia and

(often forming  retinal vasculitis, RPE changes,
into thick macular edema, macular star)

hoarse voice) sheets) and haze

(Continued)
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Table 5.2 (Continued)

Ocular Examinations

Slit Lamp Dilated Fundus
Anterior
Author  Year N! Initial Complaints Cornea  Chamber Iris Lens Vitreous Retina Optic Nerve
Peterson 1993 24 83% with ocular symptoms NS 25% with NS NS 87.5% with 25% with chorioretinal 1 patient
(17 patients with blurred anterior lymphocytic involvement with known
vision, 6 patients with uveitis infiltrate 1 patient developed ARNG PCNSL
floaters, 2 patients with eye secondary to retinal artery developed
pain or foreign body thrombosis from lymphoma optic neuritis
sensation) infiltration
Akpek 1999 10 70% with decreased vision NS NS NS NS NS 60% with fundus lesions NS

10% with floaters only

20% with decreased vision
and floaters

50% with CNS symptoms
(1 patient with diplopia,
1 patient with confusion,
2 patients with decreased
memory and imbalance,

1 patient with limb
parasthesias)

including sub-RPE infiltrates,
retinoschoroiditis, and
vasculitis

10% with dense vitreous
clouding

30% with vitritis only
consisting of large clumps or
sheets of cells or clumps of cells
on vitreous strands AND no
retinal or vascular involvement

(Continued)
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Table 5.2 (Continued)

Ocular Examinations

Slit Lamp Dilated Fundus
Anterior
Author  Year N! Initial Complaints Cornea  Chamber Iris Lens Vitreous Retina Optic Nerve
Cassoux 2000 42 NS NS  21% with 24% NS 60.5% with RPE changes 3.7% with
keratic with 33% with punctate retinal optic nerve
precipitates posterior St swelling
2.4% with synechiac 8.6% with vasculitis
mutton fat . .
. 3.7% with subretinal mass
keratic
precipitates 2.5% with exudative retinal
q detachment
1.2% with ctachment
pseudo- 10% with no abnormalities
hypopyon
2.4% with
glaucoma

(Continued)
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Table 5.2 (Continued)

Author  Year N! Initial Complaints

Ocular Examinations

Hoffman 2003 10 86% (of 14 total patients
with PIOL/PCNSL or
systemic lymphoma) with
blurred vision

43% (of 14 total patients
with PIOL/PCNSL or
systemic lymphoma) with
floaters

Hormigo 2004 31 55% with floaters
39% with blurred vision
29% with visual loss

3% with flashes & floaters

Dilated Fundus
Retina Optic Nerve
30% with choroidal 10% with
involvement (most consisting optic disc
of subretinal pale or pigmented swelling
areas)

20% with vasculitis/

perivascular infiltrates
20% with retinitis
10% with serous detachment

10% with posterior scleritis

NS NS

'N = number of patients; NS = not stated; *VA = visual acuity; *CNS = central nervous system; *RPE = retinal pigment epithelium; “ARN = acute retinal necrosis
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checking titers of antiviral antibodies or using the fluorescent antibody test
can be useful in determining whether ARN is due to a virus.

Other fundus findings may include multifocal white lesions having the
appearance of being “punched out” or “atrophic.” These lesions may also
coalesce to form larger, disciform scars. They may also eventuate to pig-
ment epithelial or outer retinal atrophy.** It is important to distinguish
these lesions from similar lesions seen in birdshot retinochoroidopathy.*

Summary of Clinical Manifestations and Findings

The fact that a uveitic process is the usual presentation of PIOL makes
it a masquerade syndrome that is often difficult to properly diagnose when
it is first noticed by an ophthalmologist. Thus, knowledge of the presenta-
tions both non-specific and quasi-specific can help an ophthalmologist to
diagnose this disorder.

Let us first succinctly review some of the typical non-specific presen-
tations and symptoms that we have just discussed above (Table 5.2).
Immunocompetent patients are most frequently in their fifties or sixties."**’
The usual complaint is blurred vision, decreased visual acuity, or floaters.
Often these symptoms appear to be a normal process of aging. For exam-
ple, cataractous and presbyopic changes are common in this age group.®
Patients’ description of floaters can seem quite similar to benign floaters
described by many normal people.*’ Less typical complaints may include
ocular pain or foreign body sensation.***"*

Slit lamp biomicroscopy can be helpful, but often the findings are
non-specific (Table 5.2). For example, keratic precipitates (including the
larger, mutton fat variety) may be found adhering to the corneal endothe-
lium."” Within the anterior chamber, a uveitic-like process may occur in
which inflammatory cells can be found. These cells can be an extension of
the inflammatory and neoplastic processes occurring in the vitreous."” The
inflammation in the anterior chamber is described as cell and flare.
Lymphocytic infiltration of the anterior chamber may be significant
enough to simulate a “hypopyon” (pseudohypopyon). Other slit lamp
findings (for example, involvement of the iris or its angle) may be rarer.
The iris may be thickened due to infiltration or there may be discrete foci
of tumor appearing as iris nodules. The color of the iris may have changed
as well, resulting in heterochromia iridis,*” though the patient may have
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not recognized this change himself or herself. However, the simple office
technique of comparing the color of the iris in one eye with that in the
other can provide subtle hints to an ophthalmologist. Infiltration of the
trabecular meshwork or canal of Schlemm by lymphoma cells can produce
increased intraocular pressures (IOPs), representing secondary glaucoma.
Therefore, it is important to document IOP at each examination. It has been
hypothesized that an anterior chamber seeding with lymphoma cells may
t.*> Rubeosis iridis can also infrequently occur.”!

Since vitritis is the most common finding in patients with PIOL
(Table 5.2), dilated ophthalmoscopic examination is essential. The vitritis
in PIOL consists of cells and haze, often with the lymphoma cells forming
clumps, sheets, or strands."*”"* Vitreous hemorrhage is an infrequent
occurrence in PIOL patients.' Though vitritis may be marked, visual acu-
ity can be surprisingly good, or at least better than expected.”

Fundus lesions may consist of the almost classical creamy, white-to-
yellow-to-orange subretinal infiltrates (Table 5.2)."""* Such lesions can be
single or multiple. They may have fluffy, indistinct borders or perhaps
more discrete edges.®' Lesions may also be somewhat obscure due to hazi-
ness produced by the vitritis that is so frequently found. Though the
lesions may be multiple, some can coalesce and become more confluent;
however, the lesions can also regress. The resolution of these lesions can
result in RPE atrophy or subretinal fibrosis.""*»* Less common fundus
findings include retinal hemorrhages and vascular sheathing. When an
older patient with a posterior “uveitis” is diagnosed, a lack of chorioretinal
lesions when a vitritis is present should not dissuade an ophthalmologist
from suspecting PIOL.

It should be noted that anterior and posterior segment findings are
not typically present at the same time, with posterior segment findings
antedating involvement of the anterior chamber,* though iridocyclitis and

secondary glaucoma have been noted in the literature to be present prior
8,63

precede iris involvemen

to the detection of fundus lesions.

Since uveitis is diagnosed most frequently prior to discovering that
PIOL is the actual disease process that is occurring, corticosteroids are
usually prescribed to the patient.* The lymphomatous process may ini-
tially respond to corticosteroid treatment. For example, in Hormigo’s
series, half of the 31 patients showed an initial response to the steroid
treatment.”” However, the improvement in uveitis is short-lived and may
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become refractory to treatment. This can often be a useful clue that
uveitis is not the disease that is affecting the patient. Unfortunately, steroid
treatment can hamper the diagnosis of PIOL because lymphomatous cells
may have decreased in number or may have become more fragile and,
therefore, more subject to rupture prior to cytologic and immunologic
analyses.

Even when all the demographical factors, and clinical signs and symp-
toms seem to make PIOL highly likely, a definitive diagnosis can still be
rather elusive. The reason for this is that lymphoma cells must be identi-
fied either from CSF or vitrectomy aspirate. Without these cells, a formal
diagnosis of PIOL cannot be made and, thus, treatment cannot resolutely
begin.

Differential Diagnoses

Uveitis. One of the most common misdiagnoses for PIOL is uveitis,
which may be due to numerous reasons.®**> Uveitis may be due to infec-
tious causes (viral, bacterial, or parasitic), inflammatory conditions, or
non-inflammatory diseases. Each entity is discussed in detail in the fol-
lowing sections.

Viral Causes of Infectious Uveitis. Acute retinal necrosis due to vari-
cella zoster virus (VZV) or herpes simplex virus (HSV) has been described
as manifesting as an acute iridocyclitis, vitritis, necrotizing retinitis, and
vasooclusive processes of the retinal vasculature. This, in turn, can lead to
a decline in vision and also to retinal detachments.®*® West Nile virus has
been noted to induce a retinal edema in association with artery occlusions
and non-perfusive vasculitis.” Other reports of West Nile virus have
shown that the infection can also produce retinal hemorrhages, chori-
oretinal scarring, keratic precipitates, and vitritis — essentially a uveitic
picture.”””" Cytomegalovirus (CMV) retinitis is associated with AIDS
patients having low CD4 counts (less than 50 cells/mL). Often, CMV
retinitis can present with a blurred vision and vitritis, a complaint and
clinical finding one finds commonly in PIOL. PIOL has also been noted to
produce retinal vasculitis and hemorrhage, simulating a viral retinitis.****7>
In such cases, patients may be treated with antiviral medications with no
response before the diagnosis of PIOL is made.”
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Bacterial Causes of Infectious Uveitis. Treponema pallidum, the agent
that causes syphilis, may present with uveitis or chorioretinitis or retinal
vasculitis.”” Ocular tuberculosis has been noted to worsen when corticos-
teroids are used, similar to PIOL. Often this disease will present with sys-
temic symptoms, including weight loss, night sweats, and chronic
cough.”*7® Cat scratch disease caused by Bartonella henseai can be associ-
ated with neuroretinitis and Parinaud’s occuloglandular syndrome.”””

Parasitic Causes of Infectious Uveitis. Toxoplasma gondii can produce
a chorioretinitis with a vitreous cellular infiltrate.** Though lesions of the
fundus, including pigmented scars, may appear whitish to yellow, they lack
the characteristic creamy infiltration of the subretina that can be seen in
PIOL.

Non-Infectious Uveitis. Syndromes of ocular uveitis primarily include
birdshot choroidopathy and pars planitis (also known as intermediate
uveitis). Birdshot choroidopathy is a bilateral posterior uveitis. This dis-
ease derives its name from a distinctive form of inflammatory cellular
aggregate that looks like birdshot pellet ammunition.*’ These yellow-to-
white lesions (one of the white dot syndromes) may resemble the small
punctate lesions associated with PIOL.*** Patients may complain of
blurry vision, which is a similar complaint of some PIOL patients. Other
ocular complaints may include floaters and a loss of color vision. During
ophthalmoscopic examination, it is important to pay attention to the pat-
tern of the lesions. In birdshot retinochroidopathy, the lesions can be seen
to radiate from the optic nerve and follow the larger choroidal vessels.
Women are affected more commonly than men in birdshot retino-
choroidopathy and, as in PIOL, they are in their forties and fifties. Other
ocular examination findings may include vitritis and an edematous optic
disc. Unlike PIOL, birdshot retinochoroidopathy is associated with an
HLA phenotype, HLA-A29.* In this case, fluorescein angiography, in
addition to HLA typing, can provide useful clues in distinguishing which
disease process is more likely. PIOL may present with punctate whitish
lesions at the location of the pars plana so as to mimic a pars planitis.

Systemic and Ocular Inflammatory Disease. Systemic inflammatory
diseases can also produce uveitis. Diseases associated with the human
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leukocyte antigen B27 phenotype (HLA B27), including the spondy-
loarthropathies (e.g. ankylosing spondylitis, reactive arthritis), inflammatory
bowel disease, and psoriatic arthritis, though HLA B27 positivity is not found
in all cases of these diseases and not requisite for the development of uveitis.

Sarcoidosis, the commonest systemic disease associated with uveitides,
can be the presenting feature in this disease.* The eye is affected up to 25%
of the time in sarcoidosis, and ocular complaints in this disease include
blurred vision, dry eyes, red eye, and photophobia. Ophthalmic examina-
tion in sarcoidosis may reveal a uveitis, or a conjunctival or lacrimal nod-
ule. The fundus may present with punctate yellow-to-white RPE lesions
that can be reminiscent of small punctate subretinal infiltrates in PIOL.%*%
The presence of extraocular symptoms such as erythema nodosum and
pulmonary hilar lymphadenopathy on chest X-ray or CT scan can help
differentiate sarcoidosis from PIOL.

Behget disease is best known for a characteristic clinical triad of oral
and genital ulcerations and uveitis.* It is not common in the United States
and seems to exhibit a racial predilection as areas in the Mediteranean and
Asia exhibit a higher prevalence. In Japan, for example, Behcet disease is
the second most common cause of uveitis after Vogt-Koyanagi-Harada
syndrome. Some ocular manifestations that occur in Behget disease that
can be found in PIOL include posterior and anterior uveitis, iridocyclitis,
retinal vasculitis, optic neuritis, and chorioretinitis.*”* However, findings
such as scleritis, keratitis, and conjunctivitis may steer an ophthalmologist
away from PIOL and towards Behget disease. In addition, answers given by
the patient to clinical inquiries such as the existence of oral or genital
ulcers or skin lesions ranging from erythema nodosum to ulcerations can
be of benefit since these lesions are more common in Behget disease.

Vogt-Koyanagi-Harada (VKH) syndrome is a bilateral panuveitis,
often leading to exudative retinal detachments. In addition, the syndrome
is associated with poliosis (whitening of a patch of hair), vitiligo (a condi-
tion in which the immune system destroys melanocytes in the skin, pro-
ducing white patches in the skin), and auditory disturbances.*™'
Rubsamen and Gass retrospectively reviewed the clinical charts, pho-
tographs, and fluorescein angiograms of 21 patients with VKH syndrome
during the period from March 1969 through February 1990.”> All the
patients presented with loss of visual acuity in one or both eyes. Unlike in
PIOL, a prodromal period was associated with 62% of cases. Prodromal
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symptoms, which began one week prior to the loss of vision, again unlike
PIOL which is not associated with a prodromal phase, included headaches,
ocular pain, tinnitus, fevers, and nuchal rigidity. Ninety percent of patients
had uveitis or retinal detachments. Upon slit lamp biomicroscopy, 82% of
patients had anterior uveitis consisting of cell and flare. Keratic precipi-
tates were noted in 38% of patients, and all patients had vitreous cells. In
addition, 43% had hyperemia and swelling of the disc. Multifocal exuda-
tive retinal detachments were initially found at presentation or later in
95% of patients. Some patients showed retinal striae due to the exudative
retinal detachment. Other patients displayed a “setting sun” fundus. Long-
term ocular findings included fundus pigment atrophy in 100% of
patients, chronic anterior uveitis in 43%, elevated intraocular pressure in
45%, cataractous change in 36%, Dalen-Fuchs nodules in 44%, iris nod-
ules in 29%, choroidal neovascular membrane (CNVM) in 9%, and optic
neuropathy in 2%.”

Other Ocular and Systemic Malignant Diseases. Choroidal Extranodal
Marginal Zone Lymphoma (EMZL) of Mucosa Associated Lymphoid
Tissue (MALT) type (previously known as reactive lymphoid hyperplasia;
also known as intraocular pseudotumor),” is another entity that can
mimic a neoplastic process and has been noted to produce diagnostic chal-
lenges, much like PIOL.”* Cheung and associates at the NEI described a
63-year-old black man with a previous history of controlled open-angle
glaucoma and cataract extraction and posterior chamber intraocular lens
placement in the right eye.” Five months after the extraction of lens,
he complained about decreased vision in the right eye. A uveitic-like
process was distinctly absent in his eyes: there were no cells in the anterior
chamber or vitreous. There was a well-positioned posterior chamber
intraocular lens in the right eye and a dense posterior subcapsular cataract
(PSC) in the left. Though a uveitis was lacking, ophthalmoscopic exami-
nation revealed many subretinal creamy yellow-white lesions scattered
about in a diffusely thickened choroid. The lesions (which were one-half
to one disk diameter in size) involved the macula, and there was a super-
otemporal choroidal elevation in the right eye. The left eye was also
involved and had scattered lesions in the posterior pole, similar to that of
the right. Three months after these findings, there was an increase in the
number of yellow-white lesions. Again, there was a distinctive lack of
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inflammation in both anterior and posterior segments. Previously, pri-
mary uveal marginal zone lymphoma, which is an EMZL MALT (known
in the past as reactive lymphoid hyperplasia) was thought to represent a
hyperplastic rather than neoplastic and malignant process of lymphocytes.
It is now known that this process is actually a low-grade B-cell NHL.” Like
in the case of PIOL, the definitive diagnosis of such a uveal EMZL MALT
lymphoma requires a histologic examination of chorioretinal lesions.
Fortunately, the prognosis of EMZL of MALT type is quite good.
Unfortunately, much of the literature describes the so-called reactive lym-
phoid hyperplasia being diagnosed only after enucleation of the involved
eye. In the case of Cheung and colleagues, a chorioretinal biopsy was con-
sidered first rather than enucleation. However, the relative lack in height of
choroidal thickening (less than 3 mm) made the extraction of adequate
amounts of tissue for histologic analysis difficult. This patient’s chori-
oretinal biopsy proved to yield the diagnosis of “reactive lymphoid hyper-
plasia” Others have described biopsy of the ciliary body or extraocular
tissues in the diagnosis of reactive lymphoid hyperplasia.””” More
recently, use of the polymerase chain reaction (PCR) amplification and the
detection of a monoclonal spike (positive in most cases) have aided in the
diagnosis of EMZL MALT lymphomas.*®

Neurofibromatosis type I (von Recklinghausen disease), an autoso-
mal dominant disease associated with café-au-lait skin spots, multiple
neurofibromas, and pigment iris hamartomas (Lisch nodules), has also
been described to be associated with a malignant melanoma of the
choroid. In 1978, Wiznia and associates reported a 60-year-old Caucasian
female who was noted to have choroidal mass lesions and a secondary reti-
nal detachment in the left eye.” A slightly elevated choroidal mass of
approximately 5- to 6-disk diameters was noted. Though neurofibromato-
sis type I is associated with fundal masses, the lack of anterior or posterior
uveitis in addition to a paucity of creamy white-yellow chorioretinal
lesions would help steer an ophthalmologist away from the diagnosis of
PIOL. In addition, when a patient presents with decreased vision in the
presence of choroidal melanoma and iris hamartomas with café-au-lait
spots and neural tumors, one might think of von Recklinghausen’s disease
before considering PIOL.

An astrocytic hamartoma of the retina may present with retinal lesions
reminiscent of PIOL. Reeser and colleagues reported an 11-year-old boy
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who presented with decreased vision in his left eye.'” Five years earlier, a
hit on the left side of his head with a baseball bat prompted a visit to an
ophthalmologist, who noted a yellow-white retinal lesion temporal to the
disk in the left eye. He was diagnosed with retinal astrocytoma. The boy
did not have tuberous sclerosis. Over the years, the retinal lesion increased
with extension to the nasal portion of the optic disk, to above and below
the temporal vascular arcades, and into the macula. In addition there were
occasional nerve fiber layer hemorrhages.

Other lymphoproliferative conditions should be considered in the dif-
ferential diagnosis and include systemic lymphoma with secondary
(metastatic) ocular involvement and intravascular lymphomatosis (also
known as intravascular large B-cell lymphoma).'”"'” Metastatic lym-
phomas to the eye are often NHL or, less commonly, mycosis fungoides
(cutaneous T-cell lymphoma). These tumors tend to invade the uvea.
Clinical manifestations include anterior uveitis and choroidal thickening.
Intravascular lymphomatosis is an extremely rare malignancys; it is a large-
cell lymphoproliferative disorder that seldom involves the eye. It is a wide-
spread intravascular aggregation of large B-cell lymphoma (though rare
T-cell,"” ' histiocytic,'**'”” and NK cell'”® lymphomas have been reported),
and the prognosis is rather poor. It mostly affects the skin and CNS pro-
ducing rather heterogeneous lesions in these tissues.'”'”” Elner and asso-
ciates reported small, white retinal and choroidal infiltrates and retinal
pigmentary alteration secondary to retinal and choroidal vascular occlu-

sion in intravascular lymphomatosis.'"”

Other Ocular Non-Malignant Disease. A flecked appearance of subtle,
whitish sub-pigment epithelial lesions in the retina may give the appear-
ance of fundus flavimaculatus (Stargardt’s Disease). However, such an
appearance was produced, in fact, by systemic NHL that metastasized to
the eye (secondary intraocular lymphoma).'"
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Chapter 6

Imaging

Imaging is the first step in evaluating diagnostic suspicion of PIOL.
A variety of imaging modalities, some absolutely essential and others
optional, may be used. These can provide the ophthalmologist with
important clues (Table 6.1). As PIOL has a high possibility of involving the
CNS, CNS imaging must be included and assessed.

Full Field Fundus Photography

Full field fundus photography is an important step in documenting the
ophthalmoscopic features of PIOL. The characteristic lesions of PIOL, the
creamy, yellow-white-to-orange sub-RPE infiltrates, can be photographed,
giving the ophthalmologist a baseline lesion or lesions to follow. The num-
ber, shape, growth, confluence, and extension of these lesions into the sub-
retinal space from the sub-RPE location,' or even their possible regression,
can all be tracked with fundus photography. In addition, fundus photogra-
phy can provide a record of the existence of retinal vasculitis, retinal edema,
and optic nerve head changes, such as, optic disc infiltration and edema.
Infiltration of the retina by lymphoma cells can result in retinal thickening.
This causes the retina to lose its transparency, and the retina may look gray
to white.” In a study of five patients with PIOL, initial retinal findings
included vascular sheathing (40%), perivascular exudates (40%), deep
white spots (60%), retinal thickening (40%), and a grayish-whitish color to
the retina (40%).* Subsequent examinations showed hemorrhagic retinal
infiltrates or necrosis (80%), exudative retinal detachment (60%), and
macular scar development (20%).” These findings and their progression
can easily be followed with fundus photography provided that the cataracts
and media opacities, especially those from vitritis, are not severe.
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Table 6.1 Imaging Modalities and their Importance

Full Field
Fundus
Photography ~ U/S'  FA* ICGA’ OCT* Brain MRI°  Brain CT® Chest X-Ray Body CT/MRI
Essential v v v
If MRI
contra-
indicated
Often v
Necessary
Occasionally v v v
Necessary To rule out To rule out
systemic disease systemic disease
(e.g., those that (e.g., those that
cause uveitis) or cause uveitis) or
patients patients suspicious
suspicious for for systemic NHL
systemic NHL (e.g., patients with
(e.g., patients prior history of
with prior history  systemic NHL)
of systemic NHL)
Optional v v v v v
Utility not v v
Described

'U/S = ultrasound; *FA = fluorescein angiography; *ICGA = indocyanine green angiography; *OCT = ocular coherence tomography; *Brain MRI =

Brain magnetic resonance imaging; “Brain CT = Brain computed tomography.
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Ophthalmoscopic imaging is both necessary and important for
evaluating PIOL.

Ultrasound

In cases where vitritis is severe (as when vitreous cells form clumps or
sheets that obscure a view of the fundus) or a dense cataract precludes view
of the fundus, one simple technique to begin with is B-scan ultrasonogra-
phy. Ultrasound can help determine whether there are any masses or lesions
intraocularly or extraocularly (e.g., associated with ocular adnexa as in
extranodal marginal zone lymphoma). Intraocular masses visualized with
ultrasonography may represent PIOL or may signal a systemic metastasis,
such as a systemic NHL that has affected the eye, usually the choroid.** In
addition, choroidal or subretinal masses may be visualized upon ophthalmo-
scopic examination and fundus photography, but details of the lesions may
be unattainable due to overlying retinal changes, e.g. retinal detachments.
Ultrasound can help further characterize these lesions. However, ultra-
sonography is nonspecific and while it may help in determining whether a
process is occurring intra- or extraocularly, other modalities are more often
employed to document PIOL. Nevertheless, there are some ultrasono-
graphic features associated with PIOL. Vitreous cells, the most common fea-
ture of PIOL, may appear as vitreous debris upon ultrasound. Thickening of
the choroid and sclera as well as chorioretinal lesions secondary to reactive
inflammatory reaction may rarely be revealed. When significant infiltration
by lymphoma cells occurs, exudative, serous, or bullous retinal detachments
can occur. The retinal detachment may be partial or may be significant
enough to be noted as a funnel retinal detachment on ultrasound. Of course,
funnel and serous retinal detachments can occur in other secondary lym-
phomatous processes as well, such as those that can occur with extranodal
marginal zone lymphoma (EMZL) of mucosa-associated lymphoid tissue
(MALT) with intraocular involvement.”® Primary uveal EMZL MALT can
impart a low to medium reflectivity to a thickened choroid on ultrasound.”
Ultrasound can help demonstrate how extensive the tumor is. Typically, a
lymphomatous lesion will be low-reflective.® As the lesion of PIOL is not
vascularized, color Doppler imaging would not be expected to show vascu-
larity in this case as compared with cases of systemic metastases.’ In primary
uveal lymphoma, ultrasonographic features may be different than those in
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PIOL and can include choroidal changes, such as diffuse thickening of the
choroid and serous detachment.” However, even in PIOL there can be
choroidal or scleral thickening.'

A few case series exist on the ultrasonographic features of PIOL. Ursea
and colleagues performed both A- and B-scan ultrasonography on 16 eyes
in 13 patients with PIOL." Vitreous debris was the most common ultra-
sonographic finding, with 87.5% of the eyes exhibiting this feature.
Vitreous debris was evidenced by low reflective scattered echoes within the
vitreous. Half of the eyes studied showed choroidal and scleral thickening
and a quarter of the eyes showed a widened optic nerve shadow on ultra-
sound. Irregular retrobulbar fat, an elevated lesion, retinal detachment,
and Tenon capsule accentuation were each found in 18.7% of the eyes.
Posterior vitreous detachment was found in 12.5% of the eyes, and a vit-
reous membrane was found in one eye (6.2%).

While ultrasound is a useful tool that can help the ophthalmologist
view the extent of lesions or disease not viewed during slit lamp or oph-
thalmoscopic examination, many of its findings, such as, vitreous debris
and choroidal thickening are non-specific. For example, vitreous debris
can certainly be due to uveitis of myriad etiologies and choroidal thickening
can be due to other tumors. Therefore, other imaging techniques are more
commonly employed, including fluorescein angiography and magnetic
resonance imaging (MRI). Nevertheless, ultrasound can help an ophthal-
mologist consider whether a lymphomatous process is likely affecting the
eye and, importantly, it can be used to document response to treatment.

While definitely useful in some instances, ultrasound is an optional
imaging test in PIOL and is not routinely obtained when this diagnosis is
pursued.

Fluorescein Angiography

Often when no retinal lesions are identified during direct or indirect
ophthalmoscopic exam, fluorescein angiography may provide useful clues.
Fluorescein angiography (FA) is widely used in retinal vascular diseases,
such as diabetic retinopathy, choroidal neovascularization, and retinal
vasculitis. Even when obvious retinal lesions are present, such as the
characteristic creamy yellow-whitish sub-RPE infiltrates, FA is an impor-
tant tool in confirming an ophthalmologist’s suspicion of a malignant
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lymphoid process. FA in PIOL seems to have a characteristic appearance.
Commonly, RPE disturbances are noted and include granularity, mottling,
and late staining patterns.'>'*
described,” although this term has been used to describe the hyperfluo-
rescent spots in ocular syphilis.'*"> Blockage of fluorescence at the level of
the RPE, termed mottling, due to tumor infiltration can correspond to the
deep retinal or subretinal creamy colored lesions noted on fundus pho-
tography. Early staining of the subretinal infiltrates may show nonfluores-
cence' as viable tumor cells are not easily penetrated by fluorescein dye
because their cell membranes remain intact.'® Late staining may show
some weak staining of the borders of the lesions or incomplete staining of
the lesions, imparting a hypofluorescent appearance. Late staining may

Leopard spot” patterns have also been

also occur near the macula or outside the macula."*'”'® FA is also used to
confirm the location of the lesions as being at the level of the RPE.> In
areas where tumor infiltration has caused detachment of the overlying
RPE and retina, blocked fluorescence will be noted and there may be stain-
ing at the detachment’s borders."” There may also be small hyperfluores-
cent lesions representing window defects from RPE atrophy.” The
combination of blocked fluorescence and hyperfluorescence produces a
pattern of granularity.>'* Small branch artery occlusions, which have been
noted to occasionally occur in PIOL,* can be documented with FA.> In a
study of five patients with PIOL, Ridley et al. found FA to be important in
documenting retinal changes over time.” For example, in some patients
there was vascular sheathing with little perivascular exudate and leakage
on initial FA. When FA was performed at a later stage, vascular leakage
had increased. However, others have reported that vascular leakage is less
common in PIOL compared with inflammatory conditions.'* Velez et al.
analyzed the angiographic findings of 31 eyes in 17 patients at the National
Eye Institute (NEI)."* The most common angiographic finding was distur-
bance of the RPE in 65% of the eyes. RPE disturbances included granular-
ity, late staining at the level of the RPE, and blockage of fluorescence.
Unlike viable tumor, nonviable tumor cells will take up fluorescein dye
and can appear hyperfluorescent. FA has been shown to reveal RPE
changes when none were noted upon ophthalmoscopic examination in
patients with vitritis.'”” Importantly, although FA is a valuable tool in the
diagnosis of PIOL, occasionally no abnormalities are noted in patients
with PIOL. For example, in the study by Velez et al. 14% of the eyes with
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histopathologically proven PIOL had no abnormalities noted on FA,
although vitritis was noted on fundsocopic examination.”” In France,
Cassoux and colleagues reported on various features of patients with PIOL
and PCNSL, including FA findings in 44 patients."’ The most common FA
findings were window defects and round, hypofluorescent lesions in
54.5% of the patients. Round hyperfluorescent lesions were the second
most common angiographic finding, seen in 34% of the patients. Retinal
vasculiitis was found in 13.63% of the patients, with half of this group
having occlusive vasculitis. Papilledema and cystoid macular edema were
the least common features, being seen in 3.70% and 2.46% of the patients,
respectively. FA showed utility in uncovering retinal lesions in 5% of the
patients who had no lesions noted on ophthalmoscopic examination.

Therefore, while FA is not an essential imaging test in PIOL, it may
be helpful to determine the extent of tumor infiltration and magnitude
of RPE atrophy. Table 6.2 summarizes three large series of PIOL with
FA.II,IZ,ZI

Indocyanine Green Fluorescein Angiography

Indocyanine green angiography (ICG) is an excellent tool for visualiz-
ing the choroidal vasculature. ICG is typically used in evaluating subreti-
nal and choroidal disease processes, but the use of ICG for PIOL has not
been well described to our knowledge nor has its use in this lymphoma-
tous lesion been determined. In other diseases, especially the posterior
uveitides that can mimic some of the findings in PIOL, however, ICG can
be a useful adjunctive study.”” For example, ICG has been shown in some
cases to reveal lesions in ocular syphilis, which can mimic PIOL, when
none were found in FA."” Abnormalities revealed by ICG include hyper-
fluorescent spots and hyperfluorescence of retinal vessels, and the resolu-
tion of these lesions can be followed with ICG." It is used in the diagnosis
of Behget disease, another clinical entity that can have similar manifesta-
tions as PIOL. Hyperfluorescent spots and hypofluorescent plaques, filling
defects of and leakage from the choroid, and irregular filling of the chori-
ocapillaris have been described.”** However, the ICG findings in Behget
disease are nonspecific. Ocular tuberculosis may be evaluated using ICG,**
although, again, the lesions and fluorescence patterns revealed are not spe-
cific to this disease. In Vogt-Koyanagi-Harada (VKH) disease, ICG can be



Table 6.2 Fluorescein Angiogram Findings from Larger Case Series

FA Findings Subclinical Lesions

No Lesions

Punctate hyperfluorescent window defects in posterior pole at level of RPE  Yes, number not
Hypo- and hyperfluorescent lesions in some patients specified

1 patient with lesions showing blocked fluorescence during early phase of
FA progressing to hyperfluorescence during late phase

Macular edema in 3 patients (43%)Retinal vasculitis in 1 patient (14%)

Round hyperfluorescent window defects in 24 patients (54.5%) Yes, in 4 patients
Round hypofluorescent lesions in 15 patients (34%) (5%)
Vasculitis in 6 patients (13.63%), which was occlusive in 3

Papilledema in 3 patients (3.70%)

Cystoid macular edema (2.46%)

RPE disturbances Yes, in 3 patients

0,
e Granularity in 19 eyes (61%) [4 eyes (13%)]

e Blockage of fluorescence in 17 eyes (55%)
e Late staining in 14 eyes (45%)

Optic nerve staining/leakage in 14 eyes (45%)
Peripheral punctate hyperfluorescent lesions in 8 eyes (8%)

Pigment epithelial detachments appearing either hyper- or hypofluorescent
in 6 eyes (19%)

Cystoid macular edema in 6 eyes (19%)

Perivascular staining/leakage in 2 eyes (6%)

Not stated

Yes, in 4 patients
(5%)

Yes, in 4 patients
[4 eyes (13%)]

8 Suidvuuy
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2728 and has also been used in sar-

used to follow new or recurrent disease
coidosis to reveal lesions not found in FA.* A characteristic ICG pattern
consisting of hypofluorescent dark spots in both active and chronic,
treated disease has been described.’®! In choroidal tumors, ICG can help
in making the diagnosis,”” perhaps differentiating these lesions from those
of PIOL, which occur sub-RPE rather than choroidally.

Although ICG can offer an insight into understanding chorioretinal
diseases, one systematic review of the literature on the use of ICG in chori-
oretinal diseases noted that no clinical trials have shown any benefit of
ICG in diagnosing, managing, or treating any specific chorioretinal dis-
ease. There have yet to be reports examining any ICG features in PIOL.
Considering that some lesions in other chorioretinal processes were
exposed in ICG when they were subclinical during ophthalmoscopic
examination and absent during FA, perhaps ICG may also uncover sub-
clinical lesions in PIOL.

Ocular Coherence Tomography

To our knowledge, no case series exists on ocular coherence tomog-
raphy (OCT) findings in PIOL. However, there are case reports on the use
of this imaging modality. Interestingly, one report deals with a pediatric
patient, 15 years of age.” Prior to initiation of corticosteroid and radia-
tion therapy, OCT was taken of each eye. This showed RPE elevation and
sub-RPE fluid. The OCT also revealed a relatively normal retinal archi-
tecture, save for the fact that it was detached due to the underlying fluid.
It should be noted that B-scan ultrasonography showed similar findings,
although with less detail of the retinal architecture than the OCT. After
radiation therapy, OCT showed resolution of the subretinal fluid and
neurosensory detachment. Because PIOL characteristically occurs in the
sub-RPE space, OCT would also be expected to reveal a mass in this
region, while systemic metastases would be expected to be found as opti-
cally dense masses in the choroid. However, there are reports of systemic
metastases localizing only to the retina. They appear as optically dense
lesions within the retina and with a distinct absence of tumor in the sub-
retinal space and choroid.*

Astrocytic hamartomas, which could possibly be a differential diagno-
sis for PIOL (see Chapter 5 — Clinical Manifestations of PIOL), appear to
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have a characteristic appearance. An optically dense mound is noted with
the anterior retinal surface appearing thickened and homogeneous, while
the posterior surface appears “moth eaten.”” When calcification has
occurred within the astrocytic hamartoma, there will be high reflectivity of
the mass.” Although the lesion of PIOL may resemble the lesion of an
astrocytic hamartoma on casual observation of an OCT study, close
inspection should enable the ophthalmologist to differentiate between
these two lesions.

OCT enables one to analyze the cross sectional area of a retinal lesion,
but the utility of OCT as an adjunctive test in PIOL has not been deter-
mined. Due to its higher cost compared with ultrasound, when a patient
has media opacities that preclude adequate view of retinal, subretinal, or
choroidal lesions, ultrasound can be performed as a first line imaging
modality. When other tumors are high on the differential, an OCT may be
considered to analyze the retinal architecture.

Brain Imaging

When PIOL is suspected, it is imperative to determine if there is cere-
bral involvement. As about 20% of PCNSL cases eventually have ocular
involvement and 80% of PIOL cases eventuate to cerebral involvement, it
is imperative that there is no occurrence of disease outside of the eyes as
treatment modalities and prognosis will then be affected (see Chapter 10 —
Management and Treatment). Computed tomographic (CT) scan or mag-
netic resonance imaging (MRI) are two imaging techniques that can help
to identify lesions both in the CNS and the eye (whether intraocular or
retrobulbar). Generally, gadolinium-enhanced MRI is recommended over
CT.”® Patients with CNS disease may have either a single lesion or multiple
lesions that either have discrete or more diffuse borders.”” The lesions may
have well demarcated borders, but borders can be indistinct.*®

Immunocompetent patients frequently have solitary lesions,” espe-
cially on first imaging. Later, multiple lesions may develop. By contrast, the
PCNSL lesions found upon first imaging in AIDS patients can be either
solitary or multiple, with multiplicity being more common in this popula-
tion than in the immunocompetent group.***! CNS disease in AIDS patients
can produce a diagnostic dilemma as lesions can appear heterogeneous
and as ring enhancing lesions. This makes it impossible to differentiate
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them from lesions of toxoplasmosis, an opportunistic infection that com-
monly afflicts this group of patients.””*** In such cases, positron emission
tomography (PET),* proton magnetic resonance spectroscopy (MRS),*
and/or perfusion (MR perfusion), and thallium 201 single photon-
computed tomography (SPECT)* can be used to further differentiate
between the two disease processes. In both immunocompetent and immuno-
compromised patients, the cerebral lesions in PIOL are usually located
supratentorally and periventricularly.®*” Major brain structures that are
affected by lymphomatous infiltration include the basal ganglia, thalamus,
and corpus callosum, with some suggesting that involvement of the corpus
callosum is highly suggestive of PCNSL.” There is typically a lack of
necrosis, calcification, and moderate to absent peritumoral edema.*®*
Infratentorial structures that may be affected by PCNSL include the
cerebellum.

CT Imaging. It is recommended that if CT is used, contrast be admin-
istered. Only 10% of lesions are detected on noncontrast CT.*>*' The
lesions of PIOL typically are isodense or hyperdense on CT with contrast
administration. When intravenous contrast agent is used, the lesions
enhance homogeneously. In a study of 20 patients with PCNSL, single
enhancing lesions were the most common finding, with the frontal lobe
being the most commonly affected.”> However, MRI revealed that involve-
ment was actually more extensive than noted on CT scan in two of the
cases.

MRI Imaging. PIOL lesions appear hypointense on T1-weighted
MRI and isointesnse or hyperintense on T2-weighted imaging. The use of
gadolinium enhances the intensity of the lesions,”** and the lesions typi-
cally enhance homogeneously. Some T2-weighted lesions do stain
hypointense, and there may be a peritumorous area of hyperintensity rep-
resenting a small amount of parenchymal edema. Aside from exposing
parenchymal involvement of the brain, MRI is also a good imaging tech-
nique to reveal PIOL in the eyes, leptomeninges, and spinal cord.

MR, then, is absolutely essential in PIOL and PCNSL. This imaging
modality provides the ophthalmologist with information as to whether
the disease is located solely intraocularly or has affected other parts of the
CNS as well. This is critical because if the brain, cerebellum, and/or spinal
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cord are affected, the ophthalmologist will definitely need to coordinate
treatment of the patient with a neuro-oncologist.

Systemic Imaging

In cases where systemic lymphoma with metastasis to the eye is sus-
pected or in patients with a prior history of systemic lymphoma, systemic
imaging may be pursued to detect visceral disease. Obtaining images of
systemic organs is generally not necessary for cases of suspected PIOL or
PCNSL, and this practice is not highly recommended.”>®

When there is good reason to suspect a systemic lymphoma, systemic
imaging should begin with a chest X-ray in addition to standard tests, such as,
complete blood cell count, erythrocyte sedimentation rate, blood chemistries
and bone marrow evaluation.” Further imaging studies might include body
CT, but clinical history and physical examination will help direct the imag-
ing of the organ or organs that are likely be involved in systemic disease.
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Chapter 7

Pathology

Today, many tests are available to us to determine the pathologic
nature of a cell (e.g., expression of oncogenic signals), but one of the pri-
mary modes of identifying neoplastic cells is by conventional pathological
(cytological or histological) examination. This literally means looking at
the cell for features of neoplasia under light microscopy. In fact, diagnos-
ing PIOL requires histologic diagnosis of the existence of lymphoma cells.

Cytology

The cytology of vitreous or CSF is often required for the diagnosis of
PIOL or PCNSL. The neoplastic cells that comprise PCNSL and PIOL have
a characteristic appearance. The cells of PCNSL and PIOL are atypical
lymphocytes. These cells are large and may be twice the size and up to five
times the diameter of a small lymphocyte. Using Giemsa or Diff Quick
staining, the nucleus is large such that there is scant basophilic cytoplasm
(high nucleus-to-cytoplasm ratio)."” The nucleus can be round to oval in
shape and often has in-foldings. Using Papanicolaou staining, some have
described the nuclear in-foldings as producing a “nose-like” appearance,’
and some nuclei indeed look like a bulbous nose viewed in profile or are
reminiscent of a shape more cerebriform. These lymphoma cells may also
have segmented nuclei, and this can produce a clover leaf appearance.*”
Rather than consisting solely of euchromatin or heterochromatin, the
nuclear chromatin is heterogeneous and coarse; unevenly distributed
granules can be found throughout the nucleus. Frequently, multiple, irreg-
ular nucleoli are prominently identified.” Indeed, these four features are
used as cytologic criteria to diagnose PIOL by pathologists and ophthal-

4,6~

mologists.*** Mitotic figures are occasionally seen.>'>"” However, the
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demonstration of the “owl-eye” or “popcorn” cell, characteristic of the
Reed-Sternberg cell of Hodgkin’s lymphoma, should prompt a hunt for
Hodgkin’s disease elsewhere in the body.

In vitrectomy (vitreous) or lumbar puncture (CSF) samples, inflam-
matory cells are often seen. Macrophages may be intermixed with the lym-
phoma cells. The macrophage, which is also large and approximately the
same size as or larger than the lymphoma cell, can be identified because it
has much more abundant cytoplasm than the lymphoma cell. In addition,
the cytoplasm of the macrophage is vesicular, giving the cytoplasm a
foamy appearance. Reactive lymphocytes are present; they vary from small
to large proliferative lymphocytes, most of which are T-cells. Another
prominent feature is the presence of necrosis of the lymphoma cells
among the viable PIOL cells.

While the identification of lymphoma cells may seem relatively sim-
ple, making a confident diagnosis of PCNSL or PIOL is hampered by the
dearth of lymphoma cells or necrosis. In addition, necrotic debris may
represent the main component of the specimen, making it difficult for the
histopathologist to identify PCNSL or PIOL cells.>'*** The lymphoma
cells of PIOL and PCNSL are very fragile, and if systemic corticosteroids
have been used to treat a presumed “uveitis,” the lymphoma cells may be
even more fragile. In many cases, necrotic debris characterizes the CSF or
vitrectomy sample, although less necrotic debris is found in CSF samples.*
Cells undergoing apoptosis are frequently found. In addition, karryorhectic
cells may be seen. Smaller, round lymphocytes (reactive lymphocytes),
macrophages, and polymorphonuclear lymphocytes may also be present
as a reactive inflammatory infiltrate.” However, despite this “muddy” pic-
ture, a small number of lymphoma cells may still be identified, sealing the
diagnosis of PCNSL/PIOL. Identification of lymphoma cells obviously
requires an experienced histocytologist.

Further testing of lymphoma cells can include immunohistochemistry
and flow cytometry to identify the B- or T-cell (rare) lineage monoclonal-
ity of the lymphomatous cells. B-PIOL cells are frequently monoclonal,
bearing either kappa or lambda light chain. T-cell PIOL produces addi-
tional diagnostic difficulties because the neoplastic cells in this process can
range in size from small to large and present a picture not unlike a reactive
inflammation; however, they bare monoclonal T-cell receptor (TCR) on
their surface.”



96 Primary Intraocular Lymphoma

Vitrectomy specimens from cases of uveitis may share some similari-
ties with those of PIOL, but reactive inflammatory cells will predominate
and there will be an absence of malignant cells. Indeed, Char noted that in
PIOL vitrectomy specimens, there was not a large inflammatory infiltrate.”®
Non-granulomatous uveitic cases will have a lymphohistiocytic infiltrate,
while uveitic cases of a granulomatous nature will have in addition epithe-
lioid histiocytes (macrophages) and multinucleated giant cells. In Zaldivar’s
cytologic evaluation of three cases of uveitis and seven cases of PIOL/
PCNSL, the distinct difference between the two disease processes was the
existence of pleomorphic cells with large nuclei and very little cytoplasm
in the PIOL/PCNSL cases.'® Clinical history and examination should pro-
vide helpful hints for the diagnosis.

Ocular Pathology

Macroscopic Inspection. The majority of findings upon gross inspec-
tion of the eye with PIOL are concentrated in the subretina and retina. The
subretinal space may be thickened and identified with an infiltrating white
mass. The retina itself may have thinned due to underlying tumor destruc-
tion, and retinal pigment epithelium (RPE) detachments may be noted.”
In areas where lymphomatous lesions have resolved, RPE atrophy or dis-
ciform scarring may be noted. Lymphomatous cells may infiltrate the
retina, causing a thickened appearance and can also be found perivascu-
larly.** In addition, tumor infiltration may be found in the vitreous and
optic nerve.! Necrosis is present inside the large foci of PIOL.

Choroidal and scleral involvement is extremely rare in PIOL, but has
been described. For example, Cummings described a 57-year-old woman
who noted the onset of floaters in her left eye.”” After moving between
diagnoses of macular degeneration and uveitis (with topical corticosteroid
treatment), pars plana vitrectomy (PPV) revealed a T-cell reactive process,
while a later fine-needle aspiration of a subretinal infiltrate revealed some
rare atypical cells. However, the eye became blind and enucleation was
performed to enable pathologic inspection. It was found that the tumor
had not only infiltrated the choroid, but had invaded through this struc-
ture and showed a number of foci that had penetrated the inner sclera.

The iris, another structure that is extremely rarely involved in PIOL, may
show stromal thickening and nodularity in areas of tumor infiltration."
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Velez and colleagues described two cases of rare iridal involvement at the
National Eye Institute."”” One PIOL case had an iris biopsy performed that
revealed stromal infiltration with lymphoma cells; these lymphoma cells
were also noted to locate perivascularly around the iridal vessels. In the
second PIOL case, a patient displayed a thickened, heterochromic iris of
the right eye in association with PIOL. Similar to the first case, the iris
biopsy showed diffuse iris stromal infiltration with large pleomorphic
cells. Reactive inflammatory cells were also present. These cases under-
score the importance of iris biopsy to make the diagnosis of PIOL in sus-
pect cases, where previous PPV failed to yield a diagnosis.

In other exceptional cases, there may be involvement of only the vitre-
ous with atypical lymphocytes distinctly absent in the subretinal space and

the retina.’*2®

Microscopic Inspection. Light microscopic examination reveals a
uniform population of atypical lymphoid cells exhibiting a characteristic
localization and often found tightly packed in the sub-RPE space between
the RPE and Bruch’s membrane."'*** As PIOL is most often a diffuse
large B-cell lymphoma (DLBCL), the morphology that PIOL lesions take
is much the same. The tumor is composed of a diffusely infiltrating pop-
ulation of large, mature, atypical lymphomatous cells that exhibit a dif-
fuse growth pattern, replacing the normal architecture of the stroma that
it affects. The cells are high-grade lymphoma cells and exhibit a variable
number of mitoses, from numerous to occasional. These atypical cells
may also be found in the vitreous, retina, optic nerve head, optic nerve,
and sheath. This suggests that PIOL cells home to this particular location
possibly by the use of cellular signaling (discussed in Chapter 12). The
localization of tumor cells in the sub-RPE space can lead to alterations in
the overlying RPE and retina, such as RPE atrophy and detachments, reti-
nal detachments, and retinal necrosis.?”?***! In more advanced lesions,
necrosis of the upper regions of the tumor mound that are farther away
from the choroid can be seen.

Although sub-RPE infiltration by lymphoma cells is the most typical
finding in PIOL, PIOL cells often invade the retina, vitreous, and optic
nerve. Occasionally, iris involvement has been described.” In these cases,
lymphoma cells may surround iridal vessels or be located within the
stroma of the iris, replacing the normal stromal cells.”
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Reactive lymphocytes are another component frequently noted in
microscopic examination. These lymphocytes are usually smaller than the
PIOL/PCNSL cells. They are mostly T-lymphocytes, while the PIOL cells are
mostly B-cell in origin. However, while tumor infiltrates the sub-RPE space,
retina, and vitreous, reactive lymphocytes are mostly located in the choroid.

Immunohistochemistry reveals that these PIOL cells express B-cell
markers, such as, CD19, CD20, CD22, and surface immunoglobulin (sIg).
Germinal center markers are also expressed, including BCL6 and CD10.
Infrequently, the PIOL cells are T-cell and express CD3 T-cell marker.

Brain Pathology

Macroscopic Inspection. Tumors composed of dense cellularity may
appear with distinct to ill-defined borders and have been noted to appear
similar to gliomas.” The tumor itself is soft, and cut surfaces are described
as being granular, homogeneous yellow-white in color’ or perhaps gray,
but can also be more variegated. Within the lesion there may be foci of
hemorrhagic necrosis, which may be rather prevalent in lesions found in
AIDS patients. Perivascular infiltration of the parenchyma is noted.
Lesions may be found subependymally and can even break through into
the ventricles. Lesions in immunocompetent patients are often solitary,
while in immunocompromised patients they are more often multiple.
However, even in immunocompetent patients, lesions can progress to
multiplicity and seems to be the natural course of the disease.”** Lesions
are typically located supratentorally, but in Hochberg and Miller’s study of
56 patients, 21 patients had infratentorial lesions and 12 had both supra-
and infratentorial lesions.”” Remick and colleagues reported on the loca-
tions of lesions in 13 immunocompetent patients.” Most of the lesions
were in the frontal, parietal, or frontoparietal regions (46%); three were in
the corpus callosum (23%); and one in the cerebellum (8%).

Microscopic Inspection. PCNSL, like PIOL, is most frequently a DLBCL
and as such it exhibits a diffuse growth pattern. Histologically, this is a high
grade, typically atypical B-cell proliferation of large cells. They are either cen-
troblasts (large, non-cleaved cells) or immunoblasts and exhibit a variable
number of mitoses (from occasional to frequent). Endothelial proliferation
by PCNSL is scant. Sheets of cells characterize the hub of the lymphomatous
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lesions, while infiltrating edges may abut edematous areas of non-infiltrated
brain parenchyma. Upon microscopic inspection, the tumor may actually
be noted to infiltrate a wider area than is noted on macroscopic assess-
ment. The tumor lesions occupy two areas in the brain: perivascularly
(called perivascular cuffing, from which it infiltrates the parenchyma, and
similar to that seen in PIOL) and submeningeally. These locations are
important because lesions located within the parenchyma, away from vas-
cular sites, are exposed to lower doses of cytotoxic pharmacologics by
virtue of the blood-brain barrier. This sets the stage for local disease recur-
rence (see Chapter 11 — Prognosis).

Immunohistochemistry shows the same picture as that for PIOL. As
the majority of PCNSL cells are B-cells, they stain for CD19, CD20, and
surface immunoglobulin (sIg).*® Just as in PIOL and other DLBCLSs, the
germinal center markers BCL6 and CD10 are also expressed. Typically,
mature B-cells will not express terminal deoxynucleotidyltransferase
(TdT), an enzyme that catalyzes the addition of deoxynucleotides and
which is usually expressed in lymphoblasts.””** Aside from its usual expres-
sion in normal lymphoblasts, TdT is also found in the blast cells of certain
leukemias. Interestingly, a report of a 9-year-old child with PCNSL diag-
nosed by CSF cytology revealed TdT expression, and the cells were char-
acteristic of a precursor B-cell lymphoblastic lymphoma.” In the case of
the rare T-cell PCNSL, immunohistochemistry will show that the neoplas-
tic cells bear T-cell markers, such as, CD3, CD4, and CD5, in addition to a
rearranged TCR gene, revealing its monoclonality.

Molecular Pathology

Gene Rearrangements. During the maturation process of B-lympho-
cytes, somatic recombination of the gene segments that make up the
immunoglobulin heavy or light chains occurs. A similar process occurs in
T-lymphocytes and their TCR genes. One of the most telling molecular
signs that cells are neoplastic is the finding that the atypical cells are all
derived from the same progenitor. The polymerase chain reaction (PCR)
amplification has been used since the early 1990s to detect monoclonality
and, therefore, neoplasticity of B-cell lymphomas. Initially, in the case of
PCNSL, PCR was used on fresh samples of tissue* and later using tissue
samples that had been embedded in paraffin wax."' Today, when checking
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for the monoclonality of B-cell lymphomas, primers are typically used for
the CDR3 region with FR3A, FR2A, and/or CDR3 primers for the VD]
region or some other region. The monoclonality is evidenced when dis-
tinct banding (which represents the amplified DNA product) occurs in a
particular lane in the gel during electrophoresis. In polyclonal cases, for
example, in reactive lymphadenopathy due to an infection, there will be a
broad smear (multiple overlapping bands) of polyclonal amplified DNA.
In cases where immunoglobulin regions are not expressed at all, for exam-
ple, in T-cell lymphomas, there will be no banding in a particular lane
showing IgH gene rearrangement.

PCNSLs have been shown to be monoclonal. For example, IgH gene
rearrangements in PCNSLs have garnered much attention recently. In one
study of monoclonality of 10 cases of PCNSL,* five were shown to have
clonal gene rearrangements in the V;4-34 region. All of the cases that used
the V;4-34 region (known as the V4 family) had the same mutation in
the first codon of CDR1. The other five PCNSL cases used the V;3 family
(e.g., two with rearrangement of the V,;3-23 region).

Monoclonality has been demonstrated in PIOL by showing that the
lymphoma cells contain the same immunoglobulin heavy (IgH) chain gene
or light chain (either K or A) restriction. The IgH gene is located on chro-
mosome 14. Our laboratory demonstrated this feature of monoclonality
in PIOL cells in 1998."*> We microdissected PIOL cells from frozen or
paraffin-embedded tissues obtained from two immunocompetent
patients and two patients with AIDS and subjected the extracted DNA to
the PCR. We demonstrated that there was rearrangement of the third
framework region (FR3) in the variable region (V,,) of the IgH gene in all
the four cases. Subsequently, we reported IgH gene rearrangements in 57
PIOL cases.** To date, we have recorded a total of 85 cases in which IgH
gene rearrangements were detected (unpublished data).

Some of the gene rearrangements exhibited by PIOL cells suggest that
PIOL and PCNSL are related. Coupland and colleagues extracted DNA
from PIOL cells obtained from vitrectomy specimens in 16 patients.”” PCR
was performed on the IgH gene, and all PIOL cells from each patient
exhibited monoclonality. PCR products were then sequenced in eight cases
for the V, region, from the IgH gene segments. Usage of the V,4-34 gene
segment was revealed in four cases (50%), V,;3-23 in two (25%), V,;3-7 in
one (12.5%), and V,;3-30 in one (12.5%). Somatic mutations within the
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second complementarity determining region (CDR2) and FR3 from the
IgH were also analyzed and were found to show a high frequency (14.5%)
of somatic mutations. The majority of Coupland’s PIOL cases using the
V4-34 gene segments correlated well with that of PCNSL, providing evi-
dence that both lymphomatous processes share a common lineage.
Interestingly, Coupland showed that the same B-cell clone was found in
three cases that had both PCNSL and PIOL.*

Baehring and colleagues analyzed the vitrectomy specimens from 17
patients.*® Nine of these specimens demonstrated a monoclonal pattern
using CDR3 consensus primers. Cytopathology was positive for intraocu-
lar lymphoma in five cases and all of these cases (except for one) had pos-
itive monoclonal IgH patterns. In two patients, cytopathology was positive
for PIOL and monoclonality was seen on first vitrectomy. Subsequent vit-
rectomy in each of these patients, however, failed to reveal lymphoma cells
on cytopathologic evaluation, and PCR for IgH gene was not done in
either case. Eleven specimens were negative based on cytopathology, but
four of these exhibited monoclonality based on PCR (one patient had neg-
ative vitrectomy specimens on two separate occasions, but monoclonality
via PCR was found on these two occasions). Baehring reported a speci-
ficity of 1 (95% CI, 0.854-1.0) and a sensitivity of 0.64 (95% CI,
0.351-0.872); sensitivity is very much affected by the amount of intact
lymphoma cells that are obtained within the vitreous specimen. It should
be noted that Baehring used both undiluted and diluted vitreous speci-
mens for cytopathology and PCR. Sensitivity could have been increased on
microdissected samples, and Baehring points this out. Indeed, samples
may be obtained that consist of relatively little lymphoma cells and an
overwhelming number of outnumbering ocular resident cells or inflam-
matory cells that could hide any monoclonality of the lymphomatous
cells. Microdissection could select for only those atypical cells that are sus-
picious for PIOL.* It is important to analyze at least 15 cells as mono-
clonality is based on the identification of a group (not a single cell) of
genetically identical cells (clone).

Gene rearrangement pointing to monoclonality has also been
described for the rarer T-cell PIOL. Coupland and associates discussed a
50-year-old woman who presented to their clinic with suspected PIOL.>> A
chorioretinal specimen was used for PCR, and a monoclonal TCR-y spike
via GeneScan was discovered; no monoclonal B-cell population was found.
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Chan performed microdissection in 50 patients with PIOL at the NEL.**

Chan noted that in all the 50 samples in which microdissection of atypical
lymphoid cells was performed, monoclonality of the IgH gene was demon-
strated at the CDR3 site.*

Do we see monoclonal proliferations in ocular disease not associated
with PIOL? Indeed, there are such proliferations in diseases like Sjogren’s
and benign or low-grade (e.g. primary uveal extranodal marginal zone
lymphoma) lymphoproliferations. However, in these cases, clinical history
and examination will help guide the ophthalmologist to determine which
disease entity is most probable. In addition, monoclonality in these enti-
ties occurs infrequently.

Translocations. Bcl-2 is an anti-apoptotic molecule whose gene is
located on chromosome 18.* The immunoglobulin heavy chain (IgH)
gene is located on chromosome 14. The bcl-2t(14;18) translocation brings
the bcl-2 gene under the control of the IgH enhancer, resulting in deregu-
lated BCL-2 expression.**** The majority of translocations (60%) occur at
the major breakpoint region (Mbr) located within exon 3, while 10-25%
of translocations occur at the minor cluster region (mcr) located 20 kb
downstream of the Mbr.” The frequency of t(14;18), specifically in diffuse
large cell lymphomas (the majority of which are B-cell), has been reported
as 16%; 13% of DLBCLs exhibit this cytogenetic abnormality at the Mbr,
while about 2% of DLBCLs exhibit the translocation at the mcr.”!

Shen and colleagues at the NEI found that in their sample of four
microdissected PIOL cases (two immunocompetent cases and two cases
with AIDS) that had undergone PCR, translocation of bcl-2 had occurred
in two immunocompetent patients and one patient with AIDS."" Others
have also shown that there has been translocation of the bcl-2 gene.” The
gene bcl-2 in on chromosome 18, and translocation of this gene onto chro-
mosome 14 (which contains the IgH gene) t(14;18) leads to the produc-
tion of the BCL-2 mitochondria outer membrane integral membrane
protein. This blocks cell death of the lymphocyte and immortalizes it.
While not all DLBCLs, of which most PCNSLs and PIOLs are subsets,
express translocations involving the bcl-2 gene, most follicular lymphomas
do.” This suggests that DLBCLs and its subtypes express heterogeneity in
pathogenesis, and some may share certain pathogenic features with follic-
ular lymphomas. In Larocca’s study of both immunocompetent and AIDS
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cases of PCNSL, no translocations of the bcl-2 gene were found.” PIOL
has a unique molecular pattern involving bcl-2. We at the National Eye
Institute (NEI) recently found that 40 of 72 (55%) PIOL patients
expressed the bcl-2 t(14;18) translocation at the Mbr and 15 of 68 (22%)
expressed the translocation at the mcr.”* An analysis of clinical outcome in
23 patients revealed no significant association between bcl-2 translocation
and the survival or relapse. However, patients with the translocation were
significantly younger. This finding is important because younger
PCNSL/PIOL patients often survive longer than older patients (see
Chapter 11 — Prognosis).

Molecular Signals. An interesting gene bcl-6, which encodes for a tran-
scriptional repressor, has been shown to be associated with some PCNSLs.”
Bcl-6, whose gene is located on chromosome 3q27, is a zinc finger tran-
scriptional repressor and is involved in apoptosis and cell growth and dif-
ferentiation. The BCL-6 trascription repressor protein is expressed mainly
by mature B-cells, especially those within the germinal centers of lymphoid
organs or those that have traversed these sites. Therefore, the protein
expressed by bcl-6 is an important marker of the derivation of a lymphocyte
from a germinal center.”’ In a study of histologically proven PCNSL, BCL-
6 expression was noted in all 22 of the non-AIDS cases. However, this pro-
tein was not noted in AIDS-related PCNSL cases that expressed the latent
membrane protein (LMP)-1 antigen encoded by EBV.*» Mutations in the
bcl-6 gene were noted in 24 of 48 cases (11 of 26 AIDS cases and 13 of 22
non-AIDS cases), suggesting that the neoplastic B-cell progenitor for each of
these particular cases had transited through the germinal center. BCL-2 was
expressed by two of 14 non-AIDS cases. For AIDS cases, there seemed to be
two phenotypes: BCL-6"/LMP-1"/BCL-2" and BCL-6/LMP-1*/BCL-2".

The tumor suppressor gene, p53, and the oncogene, c-myc, have also
been implicated in PCNSL. For example, some have found that patients
with PCNSLs, who express these two genes or bcl-6, have a poorer prog-
nosis than those not expressing these genes,” and these results were simi-
lar with respect to c-myc and p53 expression in an earlier study on
non-PCNSL DLBCL.” These findings underscore the heterogeneity
within the DLBCL group.

In 20 cases of PCNSL examined by Cobbers and colleagues, 11 cases
had weak or no signals of cyclin-dependent kinase inhibitor 2A (CDKN2A)
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mRNA, which encodes for the protein p16. This protein is an inhibitor of
cyclin-dependent kinase (CDK), a protein involved in the G1 phase of cell
growth. Therefore, p16 is a tumor suppressor gene and a lack of mRNA
expression could allow for immortalization.®

Some proteins that have been noted to be expressed by B-cell PIOL
include BCL-2, BCL-6, and multiple myeloma protein 1, MUMI1.”
Coupland and colleagues reported that in 50 cases of definite PIOL, seven
expressed BCL-2, BCL-6, and 45/50 MUM1.”! Later, they showed that in
eight cases of PIOL and 42 cases of PCNSL,® there was high positivity
(ranging from 98%-100% of combined cases) for the B-cell transcription
factor, BSAP (encoded by Pax5 gene),*>* the B-cell-restricted transcription
coactivator, BOB.1/OBFE.1.°%%* the B-cell transcription factor Oct.2,°*” and
MUMI.®" Multiple myeloma oncogene 1 (MUM1), now more commonly
known as interferon regulator factor 4 (IRF4), functions as a transcription
factor regulator.®®® It has been hypothesized that the aberrant expression
of this protein can be a marker for some types of non-Hodgkin’s lym-
phomas.” Coupland et al. noted that the transcriptional repressor, BCL-6,
was expressed in 86% of their 58 PIOL/PCNSL cases.®' Recently, in a small
study (four cases), we at the NEI detected a high frequency (100%) of
bcl-6 gene expression in four PIOL cases.” Coupland and associates® also
noted that 50 cases of peripheral DLBCLs had similarly high frequencies of
BSAP, BOB.1/OBE2, Oct.2, and MUMI1 compared to their 50
PIOL/PCNSL cases, but only 10% of PIOL/PCNSL cases as compared with
45% of peripheral DLBCL cases expressed PU.1, a transcription factor
involved in hematopoiesis.”"”* These data help support the idea that there
exists important diversity even within the DLBCL groups.

Infectious DNA. Various infectious agents have been shown to cause
malignancy in humans. Viral etiologies have been noted in cancers, such
as Kaposi sarcoma (human herpes virus 8 (HHV-8));>’* cervical cancer
(human papilloma virus (HPV));”>’® adult T-cell leukemia/lymphoma
(human T-lymphotropic virus-1 (HTLV-1));”” and PCNSL due to latent
EBV infection in AIDS patients.”*** Sequence analysis of DLBCLs, including
of PCNSL and PIOL,” immunoglobulins not only identifies their mono-
clonality, but also suggests that these cells may have been subjected to the
germinal center reaction.! This provides evidence for distinct molecular

subtypes of DLBCLs® and suggests that some lymphomas may be influenced
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by infectious causes. These recent molecular findings have piqued the
interest of ophthalmologists to determine whether infectious agents might
be at play in ocular tumors.

At the NEI, Chan and associates sought out to determine if EBV and
HHV-8 could possibly be associated with PIOL in immunocompetent
patients.* In a study of 50 patients with PIOL,* 32 cases were selected at
random for detection of infectious DNA. HHV-8 DNA was detected in six
cases (two cases had AIDS), and EBV DNA was detected in two out of 21
randomly chosen cases (one case had AIDS). Interestingly, one AIDS case
demonstrated DNA from both HHV-8 and EBV. We also detected
Toxoplasma gondii DNA in PIOL.* In two of the 10 PIOL cases, T. gondii,
not HHV-8 or EBV, DNA was discovered in the lymphoma but not in nor-
mal cells. These two cases resembled ocular toxoplasmosis clinically, and
one had high serum titer against T. gondii.

While it is known that EBV plays a role in the development of lym-
phoma in AIDS (post-transplant) and other immunocompetent patients
as well as in Burkitt’s lymphoma, this infectious DNA does not seem to
play a major role in immunocompetent patients with PCNSL/PIOL.

Bacterial infection has also been shown to be associated with the
development of cancers. For example, Helicobacter pylori (H. pylori) is
not only the agent associated the majority of duodenal ulcers,*** but it
has been shown to cause gastric MALT lymphomas as well.***® This dis-
covery is especially exciting because antibiotics can be used as a poten-
tial cure.’* Ocular adnexal tissue MALT lymphomas may be associated
with infectious agents. In a study of five patients with conjunctival
MALT lymphoma, Chan and colleagues found that microdissected
MALT lymphoma cells monotypically expressed either x or A light
chains and all exhibited IgH gene rearrangements of the CDR3 region
and, thus, were monoclonal.” In four of the cases H. pylori DNA was
present. Importantly, no H. pylori DNA was detected in the conjuncti-
val stromal cells, the normal lymphocytes from a conjunctivitis case, or
the orbital MALT lymphoma cells. Recently, small case reports have
identified Chlamydia associated with ocular adenxal MALT lymphoma
and noted regression or reduction in ocular MALT lymphomas with
antibiotic therapy.””” The association between bacteria and cancer
has prompted others to determine if bacteria might be involved in
PCNSL/PIOL.
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While infectious agents seem a plausible explanation in the develop-

ment of some ocular tumors, perhaps even PIOL, more studies are needed

to establish a causative role.
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Chapter 8

Immunology of PIOL

We now know the immunogenetics of PCNSL and PIOL, but in the
early days of these lymphomas and lymphomas in general, the cell of ori-
gin was not always so certain. The majority of PIOLs are B-cell (and rarely
T-cell) in origin, and these malignant cells are involved in a complex net-
work of cellular signaling. If this signaling goes awry, it can lead to the
development of lymphoma in the eye.

The Role of T-cells in PIOL

The cellular composition of the tumor microenvironment plays a role
in tumorigenesis and progression, although its precise relevance is still not
well understood and varies among different types of tumors. There are two
main subtypes of T-cells, and each seems to play a role in the establishment
and maintenance of PIOL cells. T-cells bearing the antigen CD4 are also
known as “helper” T-cells because they mediate the normal transforma-
tion of B-cells into plasma cells capable of producing immunoglobulins
against microbes. Indeed, patients who have thymic aplasia or hypoplasia
and, therefore, who have impaired production of T-cells, such as those
with the DiGeorge anomaly, may have B-cells that are unable to attain full
functionality. This is because these cells lack stimulation from T-cells."?
However, B-cells are able to mature in the absence of T-cells.® Such
patients are quite susceptible to infections. T-cells bearing the antigen CD8
are also known as “suppressor/cytotoxic” cells because some of these cells
recognize foreign antigen presented to them by infected cells. They also
bring about the formation of perforin. This punctures holes into the
infected cell’s plasma membrane and enables apoptotic inducing proteins
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(granzymes) to enter the target cell, thereby killing it and the infectious
agent within.** In addition, some other CD8 cells suppress the action of
CD4 cells and, therefore, also B-cells (which require CD4 cells for their
further differentiation). As the vast majority of PIOLs are of B-cell lineage,
like lymphomas in general, there are infiltrating lymphocytes in the tumor.
The role of T-cells in PIOL is similar to that inside other tumors.
Previous histopathologic studies of PCNSL tissues found populations
of lymphoid cells smaller than the neoplastic lymphoma cells. Nishiyama
and associates helped to characterize the lineage of these smaller cells as
reactive T-cells in seven cases of B-cell PCNSL.® While these reactive cells
displayed pan-T-cell markers (Leu-1 (now known as CD5) and OKT-11
(now CD2)), a heterogeneous mixture was noted when these T-cells were
immunohistochemically sub-typed. Cytotoxic or suppressor T-cells, stain-
ing positive for Leu-2a (now CD8) were intermingled with helper or
inducer T-cells that stained positive for Leu-3a (now CD4). In all but one
case, were the ratios of CD4 to CD8 T-cells less than one; overall, there
were more cytotoxic/suppressor T-cells compared with helper/inducer
T-cells. Later, Hochberg’s group reported T-cell infiltration in 13 B-cell
PCNSL cases (six with AIDS).” They observed that 10.82% and 4.88% of
total cells were CD3 T-cells in non-AIDS and AIDS PCNSL, respectively.
Most of the T-cells were CD4 cells, although the AIDS PCNSLs had a sig-
nificantly higher CD8 cell infiltration compared with non-AIDS PCNSLs.
We have learned from immunohistochemical studies that there can be
distinct locations for various cell populations in PIOL. Studies at the
National Eye Institute (NEI) helped to immunohistochemically character-
ize the compartmentalization of the cells involved in PIOL.® For example,
PIOL cells are characteristically located below the retinal pigment epithe-
lium (RPE) as well as in the retina, vitreous, and optic nerve head/optic
nerve.”? Reactive T lymphocytes, on the other hand, are typically and
often located in the choroid; the subretinal lymphomatous infiltration may
stimulate this secondary inflammatory response. Immunohistochemical
staining revealed choroidal staining for the pan-T-cell CD3 antigen, and
there was a 2:1 ratio of CD4 (helper T-cells) to CD8 (suppressor T-cells).?
It was shown that more CD8 T-cells were found adjacent to Bruch’s mem-
brane, while CD4 T-cells were found disseminated evenly throughout the
choroid.® Could this characteristic distribution of T-cells have something
to do with preventing the lymphoma cells from entering the choroid
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towards the sclera, in effect, acting as a barrier against metastasis? Perhaps,
it is the lack of T-cells within or around tumor foci that actually promote
or allow the lesions to progress. It will be helpful to briefly review some of
the features of CD4 and CD8 T-cells for some clues as to their involvement
in PIOL.

The Role of CD4 T-cells. Cancer specific immunity elicited with vac-
cines has traditionally focused on the activation of the CD8 cytolytic
T lymphocyte (CTL). This often involves direct stimulation of immunity
using HLA-class I binding peptide epitopes.””'® Recently, it has become
clear that activation of the CTL immune effector arm alone is insufficient
to mediate an anticancer response. A major problem is that CD8 T cells
cannot be sustained alone without the concomitant activation of CD4
T helper (Th) cells. In fact, it is now widely recognized that the Th cell reg-
ulates nearly all aspects of the adaptive immune response.'” In addition,
Th cells can recruit the innate immune system during immune augmenta-
tion. Therefore, the focus of the immune response in cancer has shifted
away from activating CTL immunity alone to activating Th cell immunity
alone or concurrently with CTL. Evidence suggests that activating the
Th cell is sufficient to achieve a complete adaptive immune response
because once activated, the Th cell will elicit endogenous CD8 T cell and

humoral immunity."”'

The Role of CD8 T-cells. CD8 T-cells make up less of the reactive cel-
lular infiltrate of lymphomas compared with CD4 T-cells. However, they
seem to play a significant role in the disease outcome as reported in a
recent microarray analysis of 267 Hodgkin’s lymphoma cases.”” Interestingly,
higher amounts of infiltrating CTLs were correlated with poorer overall
survivals and, therefore, held prognostic significance.” Besides being the
majority of cells noted to be adjacent to Bruch’s membrane,® it has been
shown that the T-cells surrounding tumor cells also consist mainly of
CD8-positive cells.” Perhaps, the CD4 cells stimulate cytotoxic functions
of CDS8 cells near the tumor.

A study at the NEI attempted to characterize the cellular infiltrates
from vitrectomy specimens of 14 patients with PIOL, uveitis (sterile
intraocular inflammation), and infectious ocular diseases.** In infectious
uveitic cases (e.g., those caused by fungi and viruses), helper T-cells were the
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predominant cell type (representing about 70 to 95% of the vitreous cellu-
lar infiltrate). Cytotoxic T-cells were also present, but much less so (rang-
ing from 5 to 25% of the vitreous cellular infiltrate). B-cells seemed to be
less frequently observed in the cellular infiltrate of bacterial cases. The
exception to this was for a vitreous specimen obtained from a patient with
Proprionibacteria acnes in which the helper T-cell represented 10% of the
vitreous cellular infiltrate and macrophages represented 90%.** Sterile
intraocular inflammation was characterized by similarly high helper-to-
cytotoxic T-cell ratios (up to 18 times more helper T-cells than cytotoxic
T-cells in intermediate uveitis; up to 17 times more helper T-cells in sar-
coidosis; and 45 times more in Vogt-Koyanagi-Harada syndrome). Four
patients had PIOL, and immunohistochemical staining of the vitreous
cells was performed in two cases. One case had 8% of cells being CD4-
helper T-cells and an unsatisfactory number of cytotoxic T-cells to make
an estimate. However, B-cells, including the PIOL cells with B-lymphocyte
lineage, were much more prominent in the vitreous, comprising 85% of
the vitreous cellular infiltrate. In the other case, helper and cytotoxic T-
cells made up 1 and 2% of the vitreous cellular infiltrates, respectively.
Again, B-cells, including the B-PIOL cells, were the predominant cell type,
making up 80% of the vitreous cellular infiltrate.”*

The Role of Macrophages in PIOL

While most tumors do not express MHC class I molecules,” the acti-
vation of Th cells rests upon tumor antigen presentation by an important
antigen presenting cell (APC), the macrophage. Macrophages have been
shown to surround tumor cells and later present tumor antigen loaded onto
MHC class I molecules to Th cells.” This interaction activates macrophages
and enables them to suppress tumor cell growth.*® Macrophages are often
a component in the vitreous or CSF samples of PCNSL/PIOL patients."
While macrophages are known to secrete pro-inflammatory cytokines,
such as, TNF-oe and GM-CSE, in the presence of high numbers of B-cell
PIOL-produced IL-10, the macrophages may not be fully activated. This
leads to their inability to activate Th cells. Therefore, while macrophages
may typically be associated with immune surveillance and destruction of
tumorigenic cells, PIOL may be able to dismantle this process by secreting
high amounts of macrophage-inactivating IL-10.
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The Role of the Dendritic Cell in PIOL

Dendritic cells are unique antigen-presenting cells that play a central
role in the initiation and direction of immune responses. Dendritic cells
link the innate and adaptive immune systems together by their interac-
tions with effector cells of the immune system, including T and B cells and
natural killer (NK) cells.”” They are distinguished from other antigen-pre-
senting cells, such as B cells, macrophages, and monocytes, as being the
only cells capable of inducing naive T-cell responses. Heterogeneity and
functional plasticity are major characteristics of dendritic cells. The com-
bination of their subsets, their migration, and their specific environmen-
tal stimuli endow dendritic cells with diverse capacities. Their function
may be site-specific, and depending on their environmental experience
they may drive different types of specific and non-specific responses or
induce tolerance. Dendritic cells have been shown to play an important
role in tumor suppression and rejection by presenting tumor antigens to
CD4 Th-cells.”** This ability can be tampered with by high IL-10 levels,”
such as those seen in PIOL.’"** Dendritic cells loaded ex vivo with tumor-
associated antigens and administered as a vaccine have shown promise in
early clinical trials for a number of malignancies and lymphoproliferative
disorders, including follicular lymphoma, multiple myeloma, and chronic
lymphocytic leukemia. However, the need for improvement is widely
accepted.” Recently, several investigators have reported encouraging
results using autologous stem cell (containing a high number of dendritic
cells) transplantation in conjunction with chemotherapy for PCNSL,**¢
some with ocular involvement. A greater number of patients and longer
follow-up periods are needed to confirm these data.

Cytokines and Chemokines

Cytokine profiling can help distinguish between uveitis and PIOL. In
the early- to mid-1990s, there was mounting evidence that IL-10 was
secreted by non-Hodgkin’s lymphomas (NHLs)*** and could provide a
clue for the existence of PIOL.*»**

IL-10. IL-10 is produced by many cells, including B-cells and in noto-
riously high amounts by B-cell PIOL cells.*' IL-10 is produced to a lesser
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extent by Th2 cells and macrophages*>* In B-cell PIOL, we see very high
levels of TL-10 compared with uveitis, which consists of an infiltrate com-
posed mostly of macrophages and T-cells. IL-10 functions to inhibit lym-
phocyte and macrophage activation.* By inhibiting macrophagic IL-12
production, differentiation of naive CD4-positive cells into a Th1 pheno-
type is restricted.* In addition, IL-10 downregulates the expression of
MHC class II molecules on the surface of macrophages and other antigen
presenting cells.* It has been shown in some tumors that IL-10 also down-
regulates MHC class I molecules, and this can lead to tumors escaping
immune surveillance.”” The interaction between MHC class II molecules
and CD4-positive T-cells is necessary for the production of inflammatory
cytokine, IFN-y, by Th1 cells.*** In fact, IL-10 inhibits lymphocytic pro-
duction of IFN-Y.* Indeed, the powerful immunosuppressive actions of
IL-10 are evident in animal models of diseases, such as chronic renal dis-
ease, where IL-10 suppresses the expression of chemokines like CCL2 and
CCL5 and cytokines like IFN-y. This attenuates the infiltration of renal
parenchyma by inflammatory cells and decreases the amount of inflam-
mation and fibrosis in these tissues.*” Similarly, in a murine model of col-
itis, recombinant IL-10 administration prevented colonic inflammation.*
The ability of IL-10 to inhibit inflammation and act as an immunosup-
pressive could be a potential mechanism used by tumors to defy the
immune system’s surveillance and destruction of malignancy.*”!

Blay and colleagues examined serum IL-10 levels in EBV- and HIV-
negative patients and found that in 47 of 101 patients with active NHL,
there were detectable serum levels of IL-10 compared with 60 NHL-free
patients, none of whom had detectable IL-10 levels.”” In addition, in 70
patients with high- or intermediate-grade NHL, those with detectable lev-
els of IL-10 had statistically significant shorter overall and progression-
free survivals. In patients achieving either complete or partial remission,
IL-10 levels were undetectable. Blay noted that patients with the same
stage IV disease would have 0% probability of surviving five years with
detectable levels of IL-10 versus 85% probability with undetectable levels
of IL-10. Therefore, IL-10 seems to be secreted by B-cell lymphomas in an
autocrine fashion to promote tumor growth and perhaps gives one an
indication about the activity level of the tumor. In other words, active,
more aggressive tumors will produce higher levels of IL-10, while tumors
that are less active and less aggressive will produce lower, even undetectable
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levels of this tumor growth-enhancing cytokine. Blay points out, however,
that IL-10 levels are not associated with tumor burden and that different
histologic and immunologic classes of NHL tumors may be associated
with detectable levels of IL-10. While IL-10 may not be a perfect marker
for lymphomas, it is undeniable that IL-10 plays an important role in the
development of aberrant B lymphocytes and can inhibit anti-tumor
responses by inflammatory cells, a key occurrence in lymphomagenesis.

B-cell lymphomas studied from patients with AIDS showed that such
EBV-positive cell lines produced high amounts of IL-10.>* Benjamin et al.
found that Burkitt’s lymphoma lines obtained from patients with AIDS
were EBV-positive, and these tumors also expressed IL-10.7> Burkitt’s lym-
phoma lines obtained from non-AIDS patients, but were EBV-positive,
also produced IL-10. Indeed, others showed similar induction of IL-10
production in EBV-infected B cells. In a simple, yet elegant experiment,
human B cells were obtained from tonsilar tissue and then infected with
EBV.” It was shown that these infected B-cells began producing IL-10,
peaking at the same time EBV nuclear antigen was expressed. However, in
AIDS patients with PCNSL, although EBV DNA was detected in the CSE,
IL-10 levels did not seem to be a specific marker for the disease. This was
because other cerebral diseases involved in AIDS, including toxoplasmosis
and cryptococcus were associated with similarly elevated levels of I1L-10.>*
Animal models of lymphoma also corroborated the findings that IL-10
was involved in tumorigenesis. From profiling of the cytokinic mRNA
from four murine B lymphocytic lines (two mature lymphoma lines, a
plasmacytoma, and a pre-B lymphoma), it was found that both IL-6 and
IL-10 mRNA were expressed in all the lines (whether grown in situ
(intraperitoneal) or in vitro).”® Although IL-10 to IL-6 ratios were not
directly measured, IL-10 levels in culture media and ascitic fluid were mea-
sured. It was found that IL-10 levels were higher in ascitic fluid than in cul-
ture supernatant, suggesting that in situ factors influence cytokine
expression. Other cytokines, including TGF-f and TNF-a, were also
expressed by the lymphocytic lines. Interestingly, it was found that IL-2
mRNA expression was distinctly absent from all the lines, save one in situ
tumor. This suggested that the lymphoma lines studied were capable of
limiting T-cell anti-tumor responses.”

In a study of CSF and serum samples from 11 immunocompetent
patients with PCNSL, 10 immunocompetent patients without disease, and
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11 immunocompetent patients with other CNS tumors, increased levels of
IL-10 were found in the PCNSL patients, but not in disease-free patients or
those with other types of CNS tumors.” In fact, increased IL-10 levels were
correlated with radiographic worsening of brain lesions in the PCNSL
patients. Considering that EBV DNA is rarely found in immunocompetent
patients with PCNSL, IL-10 may be a marker for PCNSL in immunocom-
petent patients who have a suspicious clinical history and exam.

The association of high levels of IL-10 with NHLs, including PCNSLs,
provided the impetus for us, as early as in 1995, to determine whether
IL-10 levels were elevated in PIOL cases. At the NEI, we had analyzed the
levels of various interleukins in the vitreous samples of three patients with
PIOL and five patients with uveitis.”! Patients with PIOL had high levels of
vitreal IL-10, while uveitic patients had no detectable IL-10, except for one
patient with sarcoidosis who had detectable IL-10 in the core vitreous.
Interestingly, one PIOL patient had seven vitrectomies performed over a
period of seven months, and the number of malignant cells correlated
with the level of IL-10 detected. In general, a greater amount of malignant
cells in a vitrectomy specimen resulted in a greater vitreal IL-10 level. This
patient was also the only one among the three PIOL patients who had
detectable IL-6 levels, a classical uveitic cytokine which was detected in all
but one uveitis patient. Further studies conducted at our laboratories con-
firmed the association of high levels of IL-10 with PIOL.

Later, we examined IL-10 to IL-6 ratios by obtaining the vitreous
specimens from five PIOL/PCNSL and 11 uveitis patients.” In addition,
we examined CSF samples for the same ratio provided by 11 PCNSL
patients. We found that in all the PIOL/PCNSL vitrectomy specimens
there were detectable levels of IL-10, while only four (31%) of the patients
with uveitis had detectable IL-10 levels.”” Notably, the vitreal IL-10 levels
were significantly higher in the PIOL patients compared to the patients
with uveitis. IL-6 levels were detected in the vitreous of two patients with
PIOL/PCNSL and eight (62%) with uveitis; there was no significant dif-
ference in the levels of this cytokine between the two disease groups.
When we compared IL-10 levels to the levels of IL-6 for each disease
group, we found that the vitreous specimens of all the PIOL/PCNSL
patients had higher levels of IL-10 than IL-6. This was not the case for any
of the uveitis specimens. As for the CSF samples, we found that in the
11 cases where malignant cells could be identified, IL-10 levels exceeded
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IL-6 levels in six (55%) cases. Of the 53 CSF samples in which we could
not identify malignant cells, IL-10 levels exceeded IL-6 levels in seven
(13%) cases. The estimated risk of having increased IL-10 to IL-6 ratio
was nearly eight times (and at least 1.5 times) higher in patients having
IL-10 levels than IL-6 in the CSE*

Further association of high IL-10 levels with PIOL was provided by
our laboratory in 2003.* We examined vitreal cytokine levels in 35 PIOL
and 64 uveitis (infectious and noninfectious) patients seen at the NEI
between 1993 and 2001.* In each vitreous specimen, the IL-10 to IL-6
ratio (logarithmic scale) was calculated and revealed a significant differ-
ence between the two disease processes; the mean IL-10 to IL-6 ratio was
5.23 for the PIOL vitrectomy specimens and that of the uveitis vitrectomy
specimens was 0.23. Correctly classifying PIOL based on an IL-10/IL-6
ratio greater than 1.0 was accomplished 74.7% of the time, and the sensi-
tivity and specificity for the cutoff rule was 74.3% and 75.0%, respec-
tively.* It is important to note that as PIOL and uveitis are complementary
disease groups, a reversal in sensitivity and specificity was observed. Thus,
uveitis had a sensitivity of 75.0% and a specificity of 74.3%.*

Further evidence that IL-10 levels can provide a clue in the diagnosis
of PIOL came from a study in France by Merle-Beral and colleagues.”
Vitrectomy specimens from 36 patients with PIOL were analyzed for IL-10
levels using enzyme immunoassay. This group had previously developed
cut-off values of 150 pg/ml and 50 pg/ml for undiluted and diluted vitre-
ous specimens, respectively, based on previously unpublished compar-
isons made with intraocular inflammatory conditions. Out of 23 pure and
12 diluted vitreous samples, 20 (87%) pure and all diluted had IL-10 lev-
els above their respective cut-off values. One patient’s pure vitreous sam-
ple had a low IL-10 level (8 pg/mL), and this patient was later found to
have a T-cell lymphoma. Overall, IL-10 levels for all the vitreous samples
were high with a mean value of 2518 pg/mL. Use of vitreal IL-10/IL-6
ratios has helped us make diagnoses of PIOL in Japan as well.*

IL-6. This pleiotropic cytokine has functions that are mediated through
association with either its membrane-bound cognate receptor (IL-6R)
found on hepatocytes and leukocytes or its soluble receptor sIL-6R. IL-6
has been shown to promote differentiation of T- and B-cells and is impor-
tant for terminal differentiation of B-cells. In response to various stimuli
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(i.e., infection or injury) IL-6 is released by macrophages, endothelial cells,
and fibroblasts, and this cytokine seems to be involved in promoting a Th1
phenotype and opposing a Th2 phenotype.”” Some have shown that IL-6
has pro-apoptotic effects on B lymphocytes.” Therefore, as we will discuss
in this chapter, removing such constraints on B lymphocytes can leave the
door open for deviant processes, notably the development of lymphoma
within the CNS and the eye. In general, IL-6 is considered a pro-inflam-
matory cytokine with many of its functions carried out through the acti-
vation of protein kinases and transcription proteins.”””” Some of the
functions of IL-6 include the production of acute phase proteins and the
differentiation of T-cells into cytotoxic T-cells.®” IL-6 also leads to the

6162 and, therefore, is

recruitment of monocytes to sites of inflammation
important for the maintenance of inflammation.” Indeed, in IL-6 deficient
mice, acute-phase inflammation and the fever response are reduced®*
and can be restored with the administration of recombinant IL-6.%
Increased levels of IL-6 in the eye have been associated with autoimmunity
and inflammation. Therefore, IL-6 is classically thought of as being an
inflammatory cytokine released by inflammatory cells, including T-cells.
In humans, high levels of IL-6 in the aqueous humor have been associated
with uveitic conditions. For example, Murray and colleagues showed that
for Fuch’s heterochromic cyclitis (a non-infectious form of uveitis) and
infectious uveitis caused by Toxoplasma gondii there were high levels of
IL-6 in the aqueous in most patients (63% of patients for both types of
uveitides) as compared with patients without uveitis.®” In addition, the
high levels of IL-6 detected in the eye were independent of serum levels of
IL-6, which were normal to low.

IL-10/IL-6 Ratio. Vitreal IL-10 levels have been shown to be elevated
in PIOL, while IL-6 levels are increased in uveitis, and IL-10/IL-6 ratios
greater than 1.0 suggest an intraocular malignancy. This useful tool is by
no means meant to be diagnostic for the disease.””*® However, in the
majority of B-cell PIOL cases, IL-10/IL-6 ratio is greater than one. Only a
few exceptions were reported. For example, a 40-year-old gentleman with
a history of recurrent bilateral panuveitis (despite treatment with corti-
costeroids and acyclovir) and retinal detachment in the left eye was evalu-
ated at the NEL® While both eyes exhibited diffuse, atrophic and pigmented
chorioretinal scarring and cystoid macular edema in the right eye, the left
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eye tellingly had creamy subretinal infiltrates. A chorioretinal biopsy
revealed atypical subretinal cells that stained positively for CD20 (B-cell
marker), and PCR showed IgH gene rearrangements in the third comple-
mentarity determining region (CDR3). However, despite the presence
of this B-cell PIOL, the vitreal IL-10 to IL-6 ratio was less than 1.0. Early
disease stage might help explain this low ratio as upon histopathologic
inspection, the tumor was noted to be located primarily subretinally with
a lack of retinal infiltration. Certainly, diagnosis of PIOL remains depen-
dent upon the identification of malignant cells in CSF or vitrectomy spec-
imens.” Nonetheless, in cases where there is a high clinical suspicion
for PIOL and where CSF and vitrectomy specimens have failed to reveal
lymphoma cells, an IL-10/IL-6 ratio greater than 1.0 can provide evidence
that PIOL is possible.***% It can also convey the need to pursue this diag-
nosis by performing further vitrectomies or perhaps even a chorioretinal
biopsy.

Chemokines and their Receptors. Chemokines are important mole-
cules (molecular weight of 8-10 kDa) involved in cell recruitment to var-
ious tissue sites within the body. Previously, chemokines were known by a
variety of names, usually due to associated functions on cellular targets.
Today, a systematic nomenclature exists, which relates the basic cysteine
motif common to all chemokines.”” The chemokines are named for the
first two cysteines (all chemokines except for one containing four cysteine
residues) found in each one’s respective motif. Chemokines with the two
cysteines next to each other are called “CC.” Those with one non-cysteine
amino acid between the two cysteines are called “CXC,” where “X” repre-
sents the non-cysteine amino acid. If there is only one cysteine (which is
preceded by a non-cysteine amino acid), the chemokine is simply called
“XC. Finally, if three non-cysteine residues exist between the first two cys-
teines, the chemokine is known as “CX3C.” An “R” follows this nomencla-
ture to represent a receptor and an “L” represents the ligand.”

Chemokines are important cellular chemotactic proteins that act
through their respective chemokine receptors to elicit cell trafficking, an
essential property, especially in the immune system. However, aberrant
chemokine-chemokine receptor interactions can lead to undesired immune
cell trafficking and be a possible path leading to disease. Chemokines and
their receptors are involved in disease processes, such as rheumatoid
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arthritis,”" inflammatory bowel disease,”* and multiple sclerosis.”” Evidence
also exists on the involvement of chemokines and their receptors in can-
cer, including breast cancer metastasis,” chronic lymphocytic leukemia,”
and B-cell NHL.”

Two chemokines involved in B-cell chemoattraction include CXCL12
(also known as SDF-1 (stromal derived factor-1, which binds to CXCR4
receptor on B-cells)) and CXCL13 (also known as BCA-1/BLC (B-cell spe-
cific chemokine, which binds to CXCR5 receptor on B-cells)). The inter-
action of CXCL13 with its receptor, CXCR5 on B-cells is necessary for the
formation of germinal centers’”” and for the germinal center B-cells to
undergo somatic hypermutation and subsequent affinity maturation.
After activation, these B-cells seem to become more responsive to
CXCL12, thereby chemoattracting the B-cells out of the germinal center as
these B-cells also express the receptor for CXCL12, CXCRA4.

As the CNS, including the eye, is an immunologically privileged site, it
remains an enigma as to why a lymphoma should involve this location.
Chemokines and their receptors might provide some insights into the
pathogenesis of PCNSL/PIOL. The expression of chemokine receptors on
various tumor cells has been shown to be involved in their localization to
certain sites.”*’® Similarly, chemokines have been shown to be involved in
PCNSL and PIOL. At the NEI, we have shown that B-cell-attractive
chemokines are expressed in the retinal tissues of patients with PIOL.”
Tissue provided from two enucleated eyes and one chorioretinal biopsy,
all containing PIOL, and one normal autopsy eye were analyzed.
Microdissection was performed on frozen sections of the ocular tissues to
obtain either PIOL cells or retinal pigment epithelium (RPE). Reverse
transcriptase (RT)-PCR was performed on the extracted RNA for PIOL
cells as well as RPE cells that were adjacent to the PIOL cells and RPE cells
that were located away from the tumor. PIOL cells were shown to express
both B-cell chemokine receptors, CXCR5 and CXCR4, while adjacent RPE
cells expressed CXCL13 and CXCL12. RPE tissue distant from tumor inva-
sion also showed expression of CXCL13 mRNA that was more abundant
than tumor-adjacent RPE tissue; distant RPE did not express mRNA for
CXCL12. The more abundant expression of mRNA by distant RPE cells
was of interest to us and could possibly be explained by three mechanisms.
First, there could be downregulation of CXCL12 and CXCL13 in the
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tumor-adjacent RPE cells, perhaps after interaction with their respective
chemokine receptors on the infiltrating lymphoma cells. Second, RPE cells
adjacent to tumor are damaged or destroyed, while more distant RPE is
intact. Finally, reactive inflammatory cells (T lymphocytes and macro-
phages) can also be admixed in the area of tumor infiltration. The RPE
from the normal autopsy eye did not show mRNA expression of either
CXCL12 or CXCLI13. Therefore, deviant expression of chemokines by
PIOL-susceptible RPE could be a means for the recruitment of malignant
B-cells as well as their infiltration of areas with increased expression of
such chemokines.

In a study of biopsy specimens from 24 patients with PCNSL (17 HIV-
negative, three HIV-positive, and four with unknown HIV status),
immunostaining for CXCL13 revealed that all the samples were positive
for expression of the chemokine.* Double immunostaining for CD20 (B-
cell antigen) and CD31 (vascular endothelial antigen) on five biopsy spec-
imens revealed that CXCL13 was expressed by the lymphoma and the
vascular endothelial cells. There was no staining of normal, non-infiltrated
brain tissue. Furthermore, immunostaining for CXCR5, CXCL13’s recep-
tor, resulted in staining of the membranes of the lymphoma cells. More
recently, Jahnke and colleagues showed that in 29 biopsy specimens from
PCNSL patients, CXCR4, CXCR5, and CCR7 were expressed only in the
cytoplasm or nucleus, but not on the membrane of lymphoma cells.®’ This
was in contrast to lymphoma cells from peripheral-NHL biopsy speci-
mens. These data could offer an explanation as to why PCNSL so rarely
metastasizes.

There is a complex interaction between cells, their receptors, and sig-
nals (interleukins and chemokines), and this is involved not only in the
homing of lymphomas to specific sites in the CNS (both cerebral and ocu-
lar), but also in their restriction to these sites and lack of metastasis.
Although we do not understand precisely how chemokine and cytokine
profiles are involved in the pathogenesis of all PCNSL/PIOLs, we are mak-
ing progress in elucidating some of the mechanisms by which PIOL is able
to make its home in the eye. We are currently examining murine PIOL
models** (see Chapter 13 — Animal Models of PIOL). Furthermore, we can
attempt to interfere with these mechanisms to direct future therapeutic
interventions.
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Chapter 9

Diagnostic Approaches

We have already examined the clinical features found in PIOL as well
as the imaging techniques that can be employed to help the ophthalmolo-
gist and oncologist to pursue a diagnosis of PIOL. While a strong clinical
suspicion may exist that a patient has PIOL and a clinical examination
helps confirm this suspicion, PIOL can be diagnosed only upon the iden-
tification of malignant lymphoid cells in the eye. In this chapter we explore
the diagnostic approaches, both historical and current, for PIOL.

Historical Diagnostic Approaches

Early Analyses of the CSF in Malignancy. In 1904, Dufour was the first
to describe the evaluation of cerebrospinal fluid (CSF) in malignancy.' A
64-year-old male had presented with complaints of weakness in the legs,
difficulty in urinating, cachexia, and memory difficulties. The right eye
became red as in conjunctivitis and the cornea turned cloudy. The patient
received lumbar puncture twice and each time showed yellow CSF with
lymphocytosis and fibrin material. When the patient succumbed to his
condition, massive infiltration of the spinal cord and roots as well as inva-
sion of the marrow, consistent with a sarcoma, were found at autopsy.
Subsequently, others began to value the utility of CSF examination in CNS
malignancies, whether primary or secondary.

Marks and Marrack described 17 cases of CSF examinations revealing
“abnormal cells, considered to be neoplastic.”> None of the patients
described by Marks and Marrack had PCNSL/PIOL or, as it would have
been known during the 1960s, reticulum cell sarcoma. Three patients had
histologically proven astrocytomas, two had histologically proven medul-
loblastomas (one questionably), six had metastatic cancer to the CNS, and
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four patients did not have biopsies performed, but two were noted to have
suprasellar masses on air encephalography. Finally, one patient who had
neoplastic-appearing cells within the CSF was determined to have non-
specific leptomeningitis, and this case’s CSF examination was considered a
false positive. Marks and Marrack conceded that while it was possible in
suspected cases of CNS malignancy to identify cells suspicious of being
neoplastic, “it is impossible, as yet, always to recognize the smeared cells as
neoplastic by the methods currently employed.”” Indeed, even today when
we are “lucky” enough to get well-preserved cells in the CSF, there can be
some difficulty in determining whether they are truly neoplastic. Difficulty
arises from cells that are suggestively, but perhaps not blatantly, atypical.

In another rather large study of the CSF, Kline examined 1,669 CSF
specimens.’ Histologically proven CNS tumors occurred in 96 cases, and
39 (41%) of these exhibited neoplastic cells in the CSF. Metastatic carci-
nomas and astrocytomas (including glioblastoma multiforme) made up
the bulk of the histologically proven cases. There were three cases of
Hodgkin’s lymphoma involving the CNS, but none of these exhibited neo-
plastic cells in their respective CSF samples. There were no cases of reticu-
lum cell sarcoma in Kline’s study.

The issue of identifying neoplastic cells within the CSF was and still is of
concern. However, some pathologists have noted that increasing cognizance
amongst clinicians and pathologists of the fact that tumor cells could indeed
be found in the CSE, could help uncover these cells more frequently.*

Enucleation. Prior to the development of pars plana vitrectomy (PPV)
surgery in the 1970s, enucleation was the only way to establish a diagnosis
of primary intraocular reticulum cell sarcoma (RCS), now known as
PIOL.>” Indeed, enucleation provided unequivocal evidence of neoplastic
processes by providing the pathologist with the whole eye and being able to
make both macroscopic and microscopic observations of involved ocular
tissues. Enucleation was often performed in patients whose eyes no longer
had vision or were painful.” Enucleation was also performed in patients
who had died from their sarcomas (whether primarily or secondarily
affecting the CNS) to confirm clinical suspicion of RCS.

The Vitreous: A Glimpse into the Eye. Vitreous comes from the Latin
word vitre-us, meaning “of glass, glassy, bright” to denote a nature or
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composition like that of glass.® Similarly, the vitreous humor that fills the
posterior segment of the eye is usually a transparent, gelatinous substance.
The volume is about 4 ml and the weight is roughly 4 grams. Imperfections
in glass can make it appear opaque or give it varied hues. Likewise, certain
processes in the eye can bring about vitreous changes, often suggesting that
a pathologic process is occurring. The vitreous is normally a viscous solu-
tion that is 99% water. Within this solution is a meshwork of collagen
fibrils and fibers’ and other structural proteins,'®!! 12,13
macrophages, and hyalocytes* as well as other molecules such as amino
acids, proteins,''® lipids, and ions."” Vitreous involvement in the form of
inflammatory cells producing a uveitis had been noted to occur in ocular
and CNS reticulum cell sarcoma,'® but was not considered a suggestive fea-
ture commonly seen in ocular and cerebral RCS that could be an important
clue to its existence until the late 1960s and early 1970s.">*

Some had already described the involvement of the vitreous with neo-
plastic cells, but these reports dealt with eyes that had undergone enucle-
ation and histopathologic examination.®”*"** For example, Minckler, Font,
and Zimmerman at the Armed Forces Institute of Pathology (AFIP) in
Washington, D.C. described an autopsy case involving RCS of the brain
and eyes.” The patient had been a 65-year-old Caucasian female who had
noted decreasing vision bilaterally. Over a period of three years she
declined both visually and mentally and succumbed to her progressive ill-
ness, which, until her death, had no clinically satisfactory diagnosis. A
complete autopsy was performed revealing RCS of the brain; no visceral
malignancy was found. Both eyes were sent to the AFIP for histopathologic
examination and revealed numerous, atypical cells with large nuclei, so
characteristic of RCS, in the vitreous. The retina and optic nerve were rel-
atively normal, except for a disciform chorioretinal scar in the macula
(although this could have represented an area of previous retinal pigment
epithelium detachment due to lymphomatous infiltration* that subse-
quently resolved). The choroid exhibited the typical reactive inflammatory
infiltrate.”’ The right eye also exhibited RCS cells in the vitreous, while the
retina and optic nerve were normal. The authors pointed out that this case
was unique because only the vitreous showed involvement with neoplastic
cells, while the retina was free of infiltration in both eyes. Barr reviewed
four cases of RCS the eye, all with neoplastic cells found in the vitreous
during pathologic inspection of the enucleated globes.*

glycosaminoglycans,
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Vitreous Sampling. Prior to the development of pars plana vitreous
surgery by Machemer*’ in 1970, there was no adequate way to enter the
vitreous cavity for posterior segment surgeries that seem common today.
Making certain diagnoses required that the entire eye be removed lest a
clinical diagnosis could not be obtained. Indeed, the only way to make a
diagnosis of primary intraocular RCS prior to the development of pars
plana vitrectomy (PPV) was by performing an enucleation.”>** Obviously,
a significant amount of morbidity was associated with this procedure, and
it was not the most ideal situation for patients.

Klingele and Hogan,’' and Michels™ et al. were the first to report cases
in which the initial diagnosis of PIOL was established by cytologic exami-
nation of the vitreous specimen. Klingele and Hogan described eight
patients with ocular RCS, two being diagnosed and subsequently treated
based on the vitreous sample cytology. One patient, a 65-year-old female
had complained of blurred vision in both eyes. Ophthalmic examination
revealed 2+ anterior chamber cell and flare and 3+ vitreous haze unre-
sponsive to corticosteroid treatment. Although multiple yellow retinal
infiltrates were seen in the right eye, MRI and CSF inspection were nor-
mal. However, upon cytologic study of a vitreous aspirate, there were large
lymphoblastic cells characteristic of ocular RCS. For this reason, radiation
treatment was provided for the eyes. This resulted in resolution of the reti-
nal lesions in the right and improvement in the bilateral uveitis. The sec-
ond vitrectomy-diagnosed patient described by Klingele and Hogan was a
64-year-old male who had a year-long history of blurred vision in the right
eye.”! He had vitreous haze in both eyes and retinal infiltrates in the right.
He had a biopsy performed on a lipoma from the anterior abdominal wall,
which showed an angiolipoma with perivascular malignant reticulocytes.
The vitreous cytology showed lymphoblastic cells with large, granular
nuclei and vesicular cytoplasm. The vitreous cytology, in addition to the
abdominal biopsy, helped diagnose this patient’s RCS (which seemed to
have involved the eye secondarily, judging by the existence of the periph-
eral lesion) and was a reason for starting ocular radiotherapy.”

Michels and associates also performed vitreous biopsy to diagnose
ocular reticulum cell sarcoma.” Two cases were described, one involving a
61-year-old male who had noted “spots” in his vision, first in the left eye
and later in the right. Slit lamp examinations revealed keratic precipitates in
the anterior chamber, and ophthalmoscopic examinations revealed vitreous
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sheets, clumps of debris, and small cells. Peripheral examinations and tests
failed to reveal a systemic malignancy, although a bone marrow aspirate
showed hypercellularity and increased immature myeloid forms. PPV was
done to improve vision, and the vitreous was analyzed. This analysis
revealed a number of neoplastic cells consistent with RCS. Because of the
tumor cells found in the vitreous, radiation therapy was provided for both
eyes. The second patient described by Michels et al. was a 71-year-old
female who had noted a decline in the vision of the left eye (which went
on to develop a non-clearing vitreous hemorrhage) and later blurred
vision in the right.”® Both eyes were recalcitrant to topical corticosteroid
treatment. Slit lamp examination showed 1+ flare and few cells bilaterally,
and the right anterior vitreous was noted to have many cells and debris.
Dense vitreal blood was noted posterior to the lens. Ophthalmoscopic
examination revealed RPE atrophic lesions and cystoid macular edema in
the right eye. Dense vitreous hemorrhage in the left eye precluded exami-
nation of the fundus. Chest X-ray and CT showed a right, solid 2 cm hilar
mass. A PPV was performed, and the left fundus was noted to have simi-
lar, but more extensive atrophic lesions than those in the right eye. A sam-
ple of vitreous was examined, and this disclosed many tumor cells that
generated a diagnosis of RCS. Due to the yield of tumor cells in the vitre-
ous, care was coordinated with oncology services and a lumbar puncture
was performed. However, CSF examination did not reveal atypical cells.
Radiation therapy was initiated for this patient.

Later, Parver and Font also made a diagnosis of RCS based on the cyto-
logic analysis of a vitreous sample.” A 42-year-old female noticed bilateral
blurred vision. She was treated with oral corticosteroids for supposed
uveitis, but vision failed to improve and the patient developed mental sta-
tus changes. Two lumbar punctures failed to reveal any abnormalities, and
a month after admission to hospital the patient was noted to have bilateral
vitreous haze and round, fluffy white lesions located in the temporal retina.
CT scan showed the existence of two frontal lobe lesions that were highly
vascularized. A PPV of the right eye was performed, which disclosed atyp-
ical lymphocytes consistent with RCS. Before any treatment could be initi-
ated, the patient succumbed to her condition and died. A histopathologic
inspection of the brain and eyes confirmed the diagnosis of RCS.*

Use of cytologic analysis of the vitreous to make a diagnosis of reticu-
lum cell sarcoma has also been important in the immunocompromised
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population, patients highly at risk for the development of PCNSL/PIOL.*7¢
Ziemianski and colleagues described a 42-year-old Caucasian male who pre-
sented with bilateral decreased vision after renal transplantation one year
earlier.”” A biopsy of the right parietal lobe, prompted by neurologic symp-
toms, showed a malignant lymphoma. Treatment was initiated using a com-
bination of radiotherapy, cyclophosphamide, and prednisone. Ophthalmic
examination revealed 2+ cell and flare in the anterior chambers of the eyes.
Funduscopic examination showed 2+ vitreous haze and a secondary detach-
ment of the superior retina. The left eye had 2+ vitreous haze and a sec-
ondary detachment of the inferior retina. Despite treatment with subtenon
injection, systemic, and topical corticosteroids, the vitritis was refractory to
treatment and worsened to 4+ vitreous haze bilaterally, precluding any view
of the fundi. As the differential diagnosis for this patient’s ocular findings
included infectious and malignant causes, a diagnostic PPV was performed.
Cytology revealed the atypical lymphocytes so characteristic of PIOL/
PCNSL, and radiotherapy was administered.”’

These cases relating some of the first employments of PPV to obtain vit-
reous for cytologic analysis, illustrate the importance of making a diagnosis
of PIOL/PCNSL rapidly, so that treatment may be instituted. Indeed, today
when there is even the slightest hint that PIOL is present, PPV and LP are
important diagnostic tools that are used to determine whether or not to
begin treatment or to look for other causes of pathology. Parver and Font
stated in 1975, “(t)he fact that ocular involvement can be an early manifes-
tation of RCS should alert the ophthalmologist and neurologist to consider
the diagnosis of RCS [especially in middle-to-older patients with recalci-
trant uveitis]...” and “(i)f standard investigations [such as LP, CT scan (prior
to the development of MRI)] for RCS yield negative results and there is a
high index of suspicion, cytologic examination of the vitreous may prove
diagnostic in this life-threatening disease.””* Even today we follow these
important recommendations to make life-extending and saving diagnoses.
As diagnosis of PIOL or PCNSL is dependent upon the demonstration of
neoplastic lymphocytes in the vitreous or the CSE respectively, it is essential
that a vitrectomy (or LP) be performed; there is no other way to obtain these
cells. Cytology, then, remains the benchmark for the diagnosis of PIOL.

Diagnostic Tools. Initially, when CSF samples were obtained, cellular
material was obtained by centrifugation in a conical tube. The supernatant
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was removed, the tube was inverted to remove any excess fluid, and the cel-
lular contents at the bottom of the tube were scraped onto a glass slide.*
However, some noted that this method could produce much stress on the
cells yielding debris. The development of membrane techniques, such as,
the Millipore (Millipore Corporation) and Nuclepore (General Electric
Company) filters, helped increase the amount of tumor cells collected
from various body fluids, including the CSE*** However, these mem-
branes were noted to clog, which could decrease the amount of cells cap-
tured.*" The cells caught in the filter membranes will not be available for
further immunophenotyping and molecular analysis. Indeed, the use of
the Cytocentrifuge (developed by Shandon Scientific Company Limited in
London, England) is an important tool that has allowed us to preserve cel-
lular material in the CSF and vitreous samples.*" Especially in PIOL and
PCNSL where the diagnosis rests on the identification of atypical cells, the
acquisition of as many cells as possible with minimal to no distortion is
essential. The use of the Cytocentrifuge, however, does not occur at all cen-
ters. Some of the mechanics of the Cytocentrifuge will be discussed below
under “Modern Diagnostic Tools”.

Modern Diagnostic Approaches

Vitrectomy with Cytologic Analysis. A vitreous biopsy should be per-
formed if LP is negative upon repeat. Cytologic examination of vitreous
samples is a mainstay in the diagnosis of PIOL.

Modern vitrectomy technique has tremendously decreased adverse
effects. While vitrectomy is an important diagnostic procedure, it is not
without imperfections. Vitreous specimens may not always contain neo-
plastic cells, and this might especially be the case if there is minimal vitreal
involvement by the PIOL cells. Blumenkranz and colleagues reported about
four cases, all suspect for PIOL, in which vitrectomies were performed.
These revealed reactive/inflammatory cells, but no malignant lympho-
cytes.” Three of these patients who had presented with ocular symptoms
went on to develop cerebral lesions as revealed by computerized tomography
(CT) scan. The fourth patient, who presented with elevated whitish-yellow
lesions at the RPE level, had vitrectomy and chorioretinal biopsy per-
formed at the same time. The vitreous specimen revealed reactive inflam-
matory cells (such as small lymphocytes, macrophages and histiocytes),
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but the chorioretinal biopsy showed that there were malignant cells infil-
trating both the retina and choroid. This was consistent with a large cell
lymphomatous process that, upon immunostaining, was shown to be the
rare entity, T-cell intraocular lymphoma. Choroidal involvement is rare in
PIOL, and it should be noted that this patient also had a bone marrow
biopsy that was consistent with, but not diagnostic of bone marrow
involvement. The patient also had systemic symptoms, such as anorexia,
cachexia (he had lost 40 pounds), and lethargy, prior to his death from
unknown causes.

However, despite occasions in which vitrectomy fails to disclose tumor
cells, there have been reports in which it was the vitrectomy specimen that
revealed atypical lymphocytes consistent with PIOL/PCNSL, while the
CSF was free from any abnormalities.’® It is not surprising to find PIOL
cells only in the vitreous and not in the CSE, as PIOL may not have CNS
involvement in the early stages.

While cytologic examination can reveal the malignant lymphocytes of
PIOL, it cannot distinguish between B- or T-cell PIOL. While most PIOLs
are of B-cell lineage, T-cell PIOL occurs in rare cases. However, in our
experience, the lymphoma cells of T-cell PIOLs tend not to be as uni-
formly large as in B-cell PIOLs and range in size from small to intermedi-
ate to large. They can simulate a reactive inflammatory process. In
addition, the nuclei of PIOL T-cells can have a bilobed or indented appear-
ance as opposed to the numerous indentations in the nuclei of B-cell PIOL
cells we commonly see. However, T-cell PIOLs can certainly have indented
nuclei similar to B-cell PIOL. Immunohistochemistry, in which we are able
to stain for CD3, CD4, CD8, and CD56 (in the case of NK/T cell lym-
phomas) antigens as well using PCR to detect TCR gene rearrangements
(such as those in the TCR-y gene) can help us identify the rare cases of
T-cell PIOL.*™* In addition, IL-10 levels may be elevated and may be higher
compared with IL-6 levels, but TGF-f3 levels may be greatly increased in
T-cell PIOL. Increased TGF-3 and IL-10 levels have been associated with
cutaneous T-cell lymphomas (CTCL),***” and reviews of the cases of T-cell
intraocular lymphoma have noted frequent association with such disease
(e.g., mycosis fungoides).” Nevertheless, T-cell PIOL can occur indepen-
dently of CTCL. Coupland and colleagues noted that due to a lack of
immunohistochemical markers for T-cell PIOL, making such a diagnosis
is often more difficult than making a diagnosis of B-cell PIOL.*
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Obtaining Vitreous: Fine Needle or the Vitrector? Char noted that in
two of nine patients, more than one vitreous biopsy was necessary to
establish the diagnosis of PIOL because malignant cells could not be iden-
tified in the first biopsy specimen.*® This highlights the importance of
repeating a vitrectomy in cases where there is a strong clinical suspicion
(i.e., steroid-recalcitrant vitritis in an older patient with creamy sub-RPE
infiltrates) and other important clues, such as high IL-10 to IL-6 ratio
(discussed later in this chapter). Char also noted that cellular detail could
be lost in samples obtained with vitrectomy instrumentation (which uses
a rotor-motor large suction instrument) as compared with aspirates
obtained from a 20-gauge needle.” Char presents a micrograph depicting
a vitreous specimen from a 20-gauge needle; cellular details are intact
(atypical lymphocytes are readily identified). However, a vitreous speci-
men from the same case obtained from the vitrector shows cells that are
distorted, making it difficult to see the features of atypia and neoplasticity.

Despite the view in the past that a vitreous aspirate produces less dis-
tortion of cellular material," vitreous aspirate often yields a smaller
amount of cellular material than PPV. For this reason, we recommend
performing a PPV, including core vitrectomy, when attempting to diag-
nose PIOL. Diagnostic yield of PPV is often superior to that of vitreous
aspirate and can collect a large amount of the neoplastic cells.* Others
noted that PPV would probably provide more sample as compared with
aspirate.”® PPV can also help improve vision by removing the vitreous
cells responsible for the blurry vision many patients complain about.” If
cytologic analysis finds cells consistent with neoplastic cells demonstrat-
ing PCNSL or PIOL, consultation of a neurooncologist and treatment
may begin. If a patient succumbs to the disease, is histopathologic confir-
mation of PIOL or PCNSL (or both) of the eye or brain, respectively,
required? Although some have performed this confirmatory process,’ the
discovery of lymphoma cells in the CSF or vitreous is diagnostic of
PCNSL and PIOL, respectively. No further histologic confirmation is
required to begin treatment or to confirm the diagnosis postmortem.

We recommend that an undiluted core vitrectomy specimen be
immediately mixed with tissue culture medium and rapidly transported
to a cytopathology laboratory. The sample or the diluted vitreous fluid
should also be submitted to the cytopathology laboratory after a complete
diagnostic vitrectomy. Cytologic analysis is the first step in making the
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diagnosis, and other tests, such as immunohistochemistry, flow cytometry
cytokine measurement, and microdissection combined with the molecu-
lar method of PCR to detect monoclonality, may be performed if enough
vitreous sample remains.’' Part of the diluted vitreous sample should also
be sent to the microbiology laboratory for culture of different microor-
ganisms. Figure 9.1 is the typical protocol that we require ophthalmolo-
gists to follow when sending vitrectomy specimens for examination at
the NEIL

For those eyes with solitary subretinal lesions without much vitreous
cells, an aspiration of the subretinal lesion can be considered to obtain
tumor cells for cytological diagnosis.

Vitrectomy with IL-10 to IL-6 Ratio Analysis. B-cell PIOLs are noted
to secrete high amounts of IL-10, an immunosuppressive cytokine.* By
contrast, in uveitis, which consists of an infiltrate of mainly macrophages
and T-cells, there are higher levels of the pro-inflammatory cytokine IL-6
produced. For this reason, IL-10 to IL-6 ratios greater than 1.0 are highly
suggestive of PIOL. In cases where no malignant cells are identified in a
vitreous sample, but the IL-10/IL-6 ratio is greater than 1.0, a repeat vit-
rectomy should be performed. At the NEI, we pioneered the use of IL-10
to IL-6 ratios in vitrectomy specimens of suspected PIOL cases after
others had suggested the utility of identifying IL-10 levels or both IL-10
and IL-6 levels in NHLs and PCNSLs.*>***? In one of our studies, we found
that the specimens with an IL-10 to IL-6 ratio greater than 1.0 had a sen-
sitivity and specificity of 75% (the mean IL-10 to IL-6 ratio was 5.23 for
35 PIOL vitrectomy specimens and that of 64 uveitis vitrectomy speci-
mens was 0.23).° Correctly classifying PIOL based on an IL-10/IL-6
greater than 1.0 was accomplished 74.7% of the time, and sensitivity and
the specificity for the cutoff rule was 74.3% and 75.0%, respectively.” It is
important to note that as PIOL and uveitis are complementary disease
groups, a reversal in sensitivity and specificity were observed. Thus, uveitis
had a sensitivity of 75.0% and a specificity of 74.3%.”

Cytocentrifugation. The Cytocentrifuge is an excellent way to obtain as
many cells as possible with little distortion. As noted previously, this is impor-
tant because as many well-preserved cells as possible are required to make
a confident diagnosis of PIOL/PCNSL. The Cytocentrifuge is essentially
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1. Fresh vitreous specimen, 1-2 mL is immediately placed into a tube
containing tissue culture medium (RPMI) for a total volume of 2-5 mL and
centrifuged at 1,000 rpm (200 g force) for 10 minutes at room temperature.

2. Gently pipette off supernatants and place in a second tube for use in ELISA
assay (cytokine analysis) and for PCR for virus detection. If such analyses are not
available at your institution, freeze contents of tube and consider sending to
institutions, such as the NEI, that can perform these analyses. See below for
mailing instructions (Step 7).

With Cytospin centrifuge

Resuspend the sediment in 0.2-1 ml
RPMI for cytocentrifuging. Each
cytospin chamber contains 1-2 drops
(0.1 ml) of fluid (mixture of vitreous
cells and RPMI) depending on the
degree of cloudiness so will yield 2-
10 slides.

Spin in cytocentrifuge for 5 minutes
at 500 rpm. Use coated slides
(usually 5-10 slides).

Take the slides out of cytospin
centrifuge chambers and air dry.

Without Cytospin centrifuge

Resuspend the 1-2 ml of sediment
in 3-4 ml RPMI (a total volume of
5 ml). Centrifuge again for 5
minutes at 1,000 rpm.

Carefully pipette out the clear
supernatant.

Circle a coated slide with indelible
marker pen. Place the bottom 1-2
mL of cellular mixture within the
circled area on 5-10 slides. Pipette
75-100 L on each slide. Air dry
the slides.

Stain for Wright-Giemsa, Diff Quick, and/or immunostaining (if needed). If

you are sending un-stained slides to the NEI, put the slides in slide mailers and
pack securely. See Step 7 below for mailing instructions.

7. Mail the slides and collected supernatants on dry ice. Make sure to label all
specimens and include a clinical history when you send the specimens. State
clearly your request: cytology and/or molecular analysis.

NEI Protocol for the Preparation of Vitrectomy Specimens for
Examination57.63.70.75-79,92,94,95

Fig. 9.1 NEI vitrectomy preparation protocol.

a centrifugation system that employs the use of small chambers into which
the fluid of interest, in the case of PIOL/PCNSL, CSF or vitreous, is placed.
The chamber is connected to a silica membrane that traps water and other
fluids, while allowing cellular material to pass through onto a glass slide.
These cells may then be processed for staining using various techniques,
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such as the modified Papanicolaou technique, Giemsa, Diff Quick, or
immunostaining. We recommend Giemsa and Diff Quick, then immuno-
staining for B- (including kappa and lambda) and T-cell markers. Hansen
et al. noted that Cytocentrifugation appeared to result in a higher yield of
cellular material from CSF samples analyzed for neoplastic cells compared
with other techniques, such as the use of Nuclepore filtration.”" In fact,
Cytocentrifugation was able to yield cells diagnostic of lymphoma in three
cases where Nuclepore filtration (which was noted to have problems with
clogging and cellular loss) did not. It should be noted, however, that many
centers do not currently have the Cytocentrifuge. Therefore, cytologic
analysis still occurs using the technique of centrifugation in a conical tube,
which as noted previously can distort cell shape, making it difficult at
times to identify neoplastic cells. In addition, as the lymphoma cells are
already fragile and if patients have been treated with corticosteroids for a
supposed uveitis, the cells may be highly susceptible to traumatic forces, such
as those experienced during centrifugation. Fortunately, the Cytocentrifuge
is more affordable than before and this method may become increasingly
utilized in different centers. This would enable ophthalmologists to
more readily identify lymphoma cells and, therefore, begin treatment. See
our recommendations for cytocentrifugation of the vitrectomy specimen
in Fig. 9.1.

Flow Cytometry. Flow cytometry functions by using multiple aliquots
of vitreous sample and adding a particular antibody against a cell surface
antigen, such as an immunoglobulin (in the case of B-cells) or a T-cell
receptor (in the case of T-cells). If cells bearing the antigen target are pre-
sent, the antibody against the antigen will bind. Then, as cells pass single
file through the cytometer, antibodies against the antigen-binding anti-
body already bound to the cell bind and fluoresce. This indicates the cap-
ture of a particular cell, and these cells are sent to an Eppendorf tube for
collection. A problem encountered with flow cytometry is that, as with any
machine, there is baseline background “noise” or error. Therefore, in cases
where very few cells of interest may be present (as is often the case with
PIOL), the background noise of the cytometer may obscure and hide the
signal of the lymphoma cells that we attempt to identify.

However, some have noted that the preservation of cells from vitreous
specimens can be poor, making cytologic analysis difficult. In such cases,
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flow cytometry can have utility. Davis, Viciana, and Ruiz reported on the
analysis of 20 vitreous specimens using both cytologic analysis and flow
cytometry; 10 cases were found to be intraocular lymphoma and 10 were
found to be inflammatory conditions.”® Four of the 10 intraocular lym-
phoma cases had been diagnosed previously with lymphoma; flow cytom-
etry was diagnostic in two of these patients and non-diagnostic in the
other two. It should be noted that in these four patients who previously
had lymphomas, the prior disease was not necessarily intraocular. For
example, one patient previously had mycosis fungoides, although this
patient’s intraocular lymphoma cells were found to be mainly CD8 posi-
tive rather than the typical CD4-positivity that is characteristic of mycosis
fungoides tumor cells (as an aside, there have been rare reports of T-cell
PCNSLs composed of CD8-positive lymphoma cells, for e.g. one involving
a woman who had bilateral vitritis and choroidal infiltrates in the right
eye; vitrectomy was non-diagnostic, but MRI showed a mass in the right
frontoparietal region, and excision and immunophenotyping by flow
cytometry disclosed a CD8-postive T-cell lymphoma®). Davis and col-
leagues found that flow cytometry was diagnostic of intraocular lym-
phoma in five of the six cases that had no prior history of lymphoma
(“newly diagnosed” cases).” In these six cases it should be noted that CNS
involvement (including intraocular) may not have been primary in all
instances as one patient died of a diffuse lymphoma of the lungs. When
this particular patient’s X-rays were reviewed, subtle infiltrates not noted
prior to the patient’s death were found. The one case out of the six newly
diagnosed cases in which flow cytometry was non-diagnostic, showed a
vitreous cytologic analysis that suggested a lymphoproliferative process;
ultimate confirmation of lymphomatous involvement of the CNS was made
by brain biopsy. Davis and colleagues noted that, overall, in their study
flow cytometry was able to make a diagnosis of ocular lymphoma in seven
out of 10 cases and was non-diagnostic in three out of 10 cases.”® Cytologic
smears from a case of intraocular lymphoma and a case of ocular inflam-
mation in association with systemic lupus erythematosis show some of the
difficulties encountered with cytologic analysis. Smudge cells were revealed
in the smears from the two different disease processes, and cytology was
inadequate to make a diagnosis. The ocular lymphoma smear also con-
tained small lymphocytes that could have been suggestive of a lymphopro-
liferative process, but were not diagnostic. Interestingly, flow cytometry of
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this particular vitreous sample showed a heterogeneous infiltrate. Brain
biopsy confirmed that this patient had a CNS lymphoma. This case, as well
as the cases in which flow cytometry was non-diagnostic in ocular lym-
phoma, illustrate the imperfections of flow cytometry. However, it is
important to realize that flow cytometry can be a useful adjunct. One issue
that flow cytometry cannot overcome and is noted by Davis et al., is that
not all B-cell lymphomas are able to produce surface immunoglobulins
(kappa or lambda light chains are identified by flow cytometry as long as
they are present on the cellular surface). In addition, T-cells may be found
that can either suggest an inflammatory reaction or a rare T-cell intraocu-
lar lymphoma. Confirming that these T-cells are monoclonal would
require the use of molecular analysis, such as PCR to identify rearrange-
ments in the TCR gene as described by others.*

Later, Zaldivar et al. showed that in six cases of PIOL, cytologic analy-
sis revealed lymphoma cells in all the cases.”” These cases also had flow
cytometry performed. One case had insufficient material for analysis by
both cytology and flow cytometry of the first vitreous specimen, but a sub-
sequent vitrectomy revealed lymphoma cells by both methods. Another
case had positive cytology, but negative flow cytometry; subsequent vit-
rectomy revealed lymphoma cells by both techniques.

We recommend that cytologic analysis on vitrectomy specimens be
first performed and the supernatant of the vitreous be evaluated for IL-10
and IL-6 levels. Then, adjunctive tests, such as, immunohistochemistry,
molecular analysis, and flow cytometry, can be performed.

Immunohistochemistry of Cells. Taylor et al. were one of the first to
describe the immunohistochemical profile of PCNSLs.®' Their studies per-
formed in the late 1970s showed that the majority of PCNSLs analyzed were
of B cell lineage. While the immunophenotyping of PCNSL had been going
on since the late 1970s, the immunohistochemical profiling of PIOL did not
begin until the late 1980s and early 1990s.°%* Char and colleagues described
nine patients who had vitrectomy performed.* Two methods were used to
obtain vitreous samples: either vitreous aspirate via a 20-gauge needle for
patients with minimal vitritis or core vitrectomy for cases with extensive vit-
ritis. In all the cases, some of the vitreous sample was put through a filter and
then stained using a modified Papanicolaou technique. The cells were exam-
ined for atypical features characteristic of PIOL (See Chapter 7 — Pathology
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of PIOL).*29% Some of the vitreous sample was put through a fluores-
cence activated cell sorter (FACS) machine and the subsequently distrib-
uted cells were immunostained. However, six cases did not stain and were
categorized as being untypable. Char et al. noted that cytologic analysis
was more accurate than lymphocyte subset analysis (at least with the
reagents used in their study) in diagnosing PIOL.

The cells obtained from directly cytocentrifuged vitreous fluid are
stained and their morphologies are better preserved and more easily visu-
alized.”"***~7° We have reported 14 cases of uveitis that had vitrectomy
performed for analysis.” Four cases were infectious in origin, six cases
were non-infectious uveitis, and three cases were PIOL. All the cases of
PIOL were B-cell, and monoclonality was demonstrated in every case
using monoclonal antibodies for the kappa (k) or lambda (A) light chain
portions of the immunoglobulins. Wilson and colleagues also were suc-
cessful in immunophenotyping cellular material obtained from vitreous
specimens in five cases of intraocular lymphoma.* The obtained vitreous
specimens were digested with hyaluronidase so that the cells could be sus-
pended. The cells were then either analyzed using the immunoperoxidase
method (two patients) or put through multicolor flow cytometric analysis
(three patients). All the patients were found to have monoclonal B-cell
lymphomas upon immunostaining.

Detecting Monoclonality as a Sign of Malignancy. As we noted in
Chapter 3, malignant processes produce the clone of the tumor cell,
which originally went awry. All the progeny produced from a malignant
progenitor B (or rarely, T) lymphocyte will share the identical immuno-
globulin gene configuration and will be monoclonal. In reactive processes,
B lymphocytes, in response to antigenic peptides, will proliferate and pro-
duce immunoglobulins with different rearrangements in VD] gene seg-
ments that make up an immunoglobulin. This rearrangement in the VD]
gene segments also precedes transformation in malignant processes.
Similar processes occur in T-cell lymphomas, but rearrangements involve
the TCR gene rather than the IgH gene as in B-cell lymphomas. Performing
PCR to amplify the IgH or TCR gene products will show numerous
bands on gel electrophoresis, indicating polyclonal products. However, in
malignant B- and T-cell lymphomas only one band, indicating a mono-
clonal product will be seen. Thus, in monoclonal (malignant) processes,
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the tumor cells will all have the same gene rearrangements, and we can
detect and confirm the same gene rearrangement (e.g., in the IgH gene for
B-cell PIOL and the TCR gene for T-cell PIOL) in PIOL tumor cells by
using PCR.

Monoclonality in PIOL cells has been detected using PCR since 1999,
when White and colleagues applied this technique to four patients with
PIOL.* One patient had bcl-2 gene translocation but no IgH gene
rearrangement. Translocation of the bcl-2 gene has been associated with
follicular lymphoma.”" Another case showed rearrangement of the IgH
gene and no translocation of bcl-2 or rearrangements of TCR genes.
Interestingly, two cases were the rare T-cell lymphoma, as evidenced by the
TCR-y gene rearrangements detected by PCR. Two cases, one B-cell PIOL
and one T-cell PIOL, had malignant lymphocytes that were readily
detected upon cytologic analysis. Two other cases, one T-cell PIOL and the
other a B-cell PIOL, had difficult cytologic analysis. The T-cell case had
only few cells, with occasional large and atypical cells that were degener-
ated. The B-cell PIOL case had many necrotic cells and necrotic debris
with rare malignant lymphocytes.

PCR can be a useful adjunctive test when the lineage of the lymphoma
cells is in question. For example, while most PIOLs are B-cell in origin,
there are occasional T-cell PIOLs that cannot be identified by cytologic
inspection alone. Thus, the use of PCR to discover clonal rearrangements
in the TCR-y gene can be extremely useful as well as other tests, such as
immunohistochemistry for T-cell antigens (CD3, CD4, CD8, or CD56 in
the case of NK cells) and flow cytometry.

Microdissection. The core purpose of microdissection is the acqui-
sition of a population of pure cells that may then be subjected to
DNA, RNA, or protein analysis to characterize that particular popula-
tion of cells. Microdissection using either a fine gauge (30-gauge) nee-
dle manually or laser capture has been an excellent technique for
acquiring cells identified as being neoplastic and processing them
for further analysis.®*”>"* At the NEI we use both techniques. We have
reported on the use of microdissection in numerous cases. Micro-
dissection has enabled us to obtain enough lymphoma cells to charac-
terize B-cell PIOL cells as being monoclonal by demonstrating the same
rearrangement of the immunoglobulin heavy chain gene (IgH).®*”>7’



148  Primary Intraocular Lymphoma

Microdissection also enabled us to document a case of histologically and
immunohistochemically confirmed B-cell PIOL in which there was het-
erogeneous rearrangement of the IgH gene.”* We have performed
microdissection with subsequent PCR analysis on 85 cases of PIOL diag-
nosed at the NEI, with 100% showing rearrangements of the IgH gene.”"’®
Microdissection can also be useful for uncovering rare cases of T-cell
PIOL, by enabling us to attain a population of identified lymphoma cells
and subjecting them to PCR for detection of monoclonal TCR gene
rearrangements.”’

Chorioretinal and Iris Biopsy. The biopsy of ocular tissues typically
occurs when malignant cells have failed to be identified in the CSF and
the vitreous of suspected PIOL cases. Failure to identify malignant cells in
the vitreous can be due to degeneration of the cells obtained from the vit-
reous, paucity of cells in the vitreous, or lack of involvement of the vitre-
ous with lymphomatous involvement confined to the retina or subretinal
space below the RPE. We call the process in which cellular infiltrations in
the retinochoroidal region involve the vitreous, “spill[ing] over.”*** In
cases where there is no spillover of cells from the affected tissues, chori-
oretinal biopsy can obtain tissue from an area which upon ophthalmo-
scopic examination, appears to be involved by either a malignant or an
inflammatory process. After successful experiments using animal models
and the development of a device used to stabilize the globe and maintain
its shape as well as decrease the amount of choroidal effusion (the
Peyman eye basket) during the early-to-mid-1970s, Peyman’s group
developed an excellent way to perform a full-thickness resection or biopsy
of the eye wall.**"* Peyman described how a chorioretinal biopsy might
be accomplished in about nine simple steps.*” The Peyman eye basket was
sutured to the sclera and 2/3 of the scleral thickness was demarcated by a
trephine. After dissection of the sclera with a Beaver blade, further demar-
cation of the sclera was achieved with a trephine. Diathermy was applied
to the area, and the tissue for biopsy was excised using corneoscleral scis-
sors. A vitrectomy was performed through the biopsy site, and the partial-
thickness scleral flap was sutured back into place with injection of air into
the eye so that intraocular pressure was reestablished. This technique
helped to obtain a biopsy specimen that was morphologically intact and
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provided enough tissue for both histochemical and electron microscopic
studies.”” It was Peyman and colleagues who first described the use of
chorioretinal biopsy in nine patients in whom diagnosis could not have
been made otherwise (except for an enucleation), and, interestingly, one
of the patients in their series had ocular reticulum cell sarcoma.® This
patient was a 58-year-old Caucasian female who was noted to have vitre-
ous haze and vitreous, retinal, and subretinal tumors in the right eye. Her
vision was light perception. Diagnoses that were considered prior to the
surgery included chorioretinitis or intraocular reticulum cell sarcoma,
but no definite diagnosis had been made. After surgery using the tech-
nique of Peyman, histologic analysis revealed that it was ocular reticulum
cell sarcoma that had destroyed the patient’s vision.*” This patient was the
only one who did not retain preoperative visual acuity as compared with
the other patients in the study who did not have the destructive malig-
nancy. Later, Kirmani and colleagues described the use of choroidal
biopsy in a patient whose right eye had a suspected malignancy, either
primary or secondary.* Numerous tests performed to rule out infectious
causes of uveitis (vitrectomy was not diagnostic and only revealed non-
specific chronic inflammatory cells) as well as tests to seek out a visceral
malignancy (head CT, general physical and breast examinations, lumbar
puncture, and bone marrow biopsy) were all negative. The only tests with
positive findings were fluorescein angiography (early blockage of back-
ground choroidal vasculature and late staining of subretinal lesions) and
ultrasonography (which showed that there were highly reflective echoes
in the choroid and a serous elevation of the retina or RPE). These find-
ings were not diagnostic per se, but they did prompt the authors to pur-
sue a possible malignancy. Ultimately, an external choroidal biopsy was
performed leading to the discovery of sub-RPE malignant lymphocytes,
consistent with a diagnosis of primary intraocular RCS. Radio- and
chemotherapies were then started.

At the NEI the use of external chorioretinal biopsies, similar to that
described by Peyman, have proved useful in cases of uveitis where a
diagnosis could not be established. The decision to perform chorioreti-
nal biopsies is not approached cavalierly, but is often prompted when
previous vitrectomies or CSF examinations are non-diagnostic.
Chorioretinal biopsy is also initiated if a malignant or infectious etiology
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is likely or if the macula is threatened by lesions.* Our surgical tech-
nique for performing external chorioretinal biopsy is outlined here.**
First, if the fundus can be visualized, we apply laser photocoagulation
one to three days prior to surgery in a zone of the area to be biopsied.
Otherwise, laser is placed after vitrectomy (discussed later). The con-
junctiva is incised for 360°, and the rectus muscles are isolated and tied
with silk suture. All the quadrants are inspected and we do not use the
Peyman eye basket. Next, a 3-port PPV is performed and if laser was not
placed due to haziness prior to the surgery, it is applied during vitrec-
tomy. The vitreous specimen is sent for histopathologic and microbio-
logic analyses. Next, we mark out a site to be biopsied on the external
sclera; typically, we mark out a 6 X 6 mm area that becomes a flap or
“door” of the sclera through which the biopsy will take place. The scle-
ral flap should be outlined beginning 5 to 6 mm posterior to the limbus.
The infusion line is left in place, and a nearly full-thickness scleral flap
with the above noted dimensions is made such that its hinge is poste-
rior. When the flap of the sclera is retracted, the surgeon is able to visu-
alize the choroid, which is practically bare; perhaps some fibers of
overlying sclera remain. Next, a penetrating diathermy is placed
through the choroid and retina along the outer margin of the inner
choroidal bed. After turning off the infusion cannula, we make two inci-
sions that are parallel to the limbus and are approximately 4 mm apart
from each other by using a 75 blade. By inserting one blade of a 0.12
forceps through the incision, the full thickness of the choroid and retina
may be grasped at one edge. Then, two more incisions, this time per-
pendicular to the limbus, are made using Vannas scissors yielding a
block of chorioretinal tissue ranging in size from 2 X 3 to 4 X 4 mm.
Care should be taken to grasp the full-thickness tissue only once using
the forceps so that the architecture of the tissue is not destroyed.
Prolapsed vitreous that occurs with removal of the chorioretinal block
should be removed from the wound site using a vitreous cutter. Finally,
the scleral flap is closed over the wound and sutured closed with inter-
rupted 9-0 nylon. Fluid-gas exchange is performed using either 20%
sulfuhexafluoride or 15% fluoropropane.

Chorioretinal biopsy has proved to be extremely valuable in cases
where diagnosis was previously unestablished. In a series of seven
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patients in whom chorioretinal biopsy was performed at the NEI, the
findings from the biopsy specimens enabled us to make a diagnosis in six
of the patients and change therapy in five.** While none of these patients
had PIOL, some of the lesions in these patients were very vaguely simi-
lar to those seen in ocular malignancy. For example, some patients pre-
sented with vitritis or uveitis unresponsive to corticosteroids. Other
features of their diseases, however, were more suggestive of non-malig-
nant etiologies. In each of these cases, it was the acquisition of chori-
oretinal tissue from biopsy that enabled proper diagnosis. It should be
noted that prior to performing a chorioretinal biopsy, diagnoses that will
be ruled in or out by performing this surgery and the proper tests to be
performed on the biopsy tissue should be thought out. For example, in
infectious cases of viral etiologies, electron microscopy may be helpful,
revealing viral particles.® Planning should not only involve the retinal
surgeons, but also the pathologist who can help in developing a plan,
which when properly executed, will yield the most useful and pertinent
results.

Johnston and colleagues also illustrated the importance of retinal
and choroidal biopsies when all the other diagnostic tests have failed to
yield diagnoses and when the empirical therapy did not result in abate-
ment of the ocular lesions.*® Diagnoses had not been attained in 14
patients who had uveitis and, as a last resort, retinal or choroidal biop-
sies were undertaken to establish either an infectious or a malignant
cause. Four patients were discovered to have ocular tumors (three with
PIOL and one with a metastasis) based on histologic analysis from the
biopsy specimens. In addition, one other patient was ruled out for ocu-
lar lymphoma and was diagnosed as having a probable cytomegalovirus
(CMV) retinitis. The surgical technique for choroidal biopsy that
Johnston and colleagues used was similar to that described by us for
retinochoroidal biopsy,® although it was only the choroid and not the
retina that was perforated to obtain a choroidal biopsy.* For retinal, sub-
retinal, or chorioretinal biopsies, an internal approach was utilized. A 3-
port PPV was performed, and endodiathermy was applied to the area of
the retina to be biopsied to cauterize retinal vessels around the margin of
the biopsy site (usually at the junction of the involved and normal
retina). The retinal tissue was then biopsied using vertical cutting scissors,
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leaving one corner of the tissue attached so that forceps could be used to
grasp the tissue. Finally, the last corner was cut to remove the specimen.
Endolaser was used to seal any retinal breaks, and the eye was filled with
gas or silicone oil.

Later, Cassoux and colleagues described the surgical technique of
endoretinal biopsy in three patients who were all suspect for ocular malig-
nancy as a possible differential diagnosis.*” All the patients underwent
vitrectomy, with two patients also having concurrent endoretinal biopsies.
The third patient underwent a second vitrectomy and endoretinal biopsy
after cytologic analysis of the first vitreous sample failed to show any lym-
phoma cells, but did reveal a high IL-10 level. Biopsies in the first two
patients revealed non-malignant processes and resulted in a change in
treatment. Retinal biopsy in the third case with high vitreal IL-10 level
revealed a diffuse large cell lymphoma infiltrating the retina and optic
nerve head that was immunoperoxidase-positive for CD20 (B-cell anti-
gen) and negative for CD3 (T-cell antigen). The histologic confirmation of
a B-cell PIOL (lymphomatous disease was not found elsewhere in this
patient) was important as it enabled the authors to begin chemotherapy®
The surgical technique used by Cassoux and colleagues was similar to that
described for internal retinochoroidal biopsy by Johnston and col-
leagues.*® Cassoux et al. noted that the vitreous obtained from PPV was
sent for cytology and IL-10 levels. Cassoux et al. also induced a localized
retinal detachment (if one was not already present) by injecting sodium
hyaluronate into the subretina. The bulging retina was then ready to be
removed; it was cut around its perimeter with scissors and extricated with
forceps. An application of endolaser photocoagulation was made about
the biopsy site, with fluid-gas exchange finishing off the procedure.*”

The biopsy tissue obtained is divided into three portions in the operat-
ing room (Fig. 9.2).* One-third of the tissue is placed into 4% glutaraldehyde
for histopathologic studies including light and electron microscopic
examinations. The second portion is snap frozen in optimal cutting tem-
perature (OCT) embedding compound and is used for immunopatho-
logic characterization. The third portion is sent for culture (our preference
is for viral and other microorganisms cultures and/or tissue culture).®

While iris involvement is extremely rare in PIOL, it has been
reported.””*****! Iris involvement is more likely seen in systemic lymphoma
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Fig. 9.2 Schematic diagram depicting external chorioretinal biopsy and processing. In
this example, the specimen was submitted for routine histology, immunohistochemistry,
tissue/cell/microbiology culture, and molecular analysis. The polymerase chain reaction
(PCR) amplification illustrates a positive monoclonal immunoglobulin heavy chain
(IgH) gene rearrangement (lane 1), negative control (lane 2), and positive control (lane 3).

that metastasizes to the eye. Findings on slit lamp examination that may
lead one to suspect iris involvement in PIOL include engorged iridal ves-
sels and iridal nodules. While iris biopsy is not typically an initial diag-
nostic procedure, it may be considered in cases where multiple vitrectomy
specimens fail to reveal malignant cells and there is obvious iris involve-
ment in the disease.

Again, chorioretinal and iris biopsies are typically performed as a last
resort when other diagnostic tests that we have described in this chapter
do not yield information leading to a diagnosis. Risks of biopsying, which
include hypotony, hemorrhages, endophthalmitis, retinal detachment, and
cataract formation, should be outweighed by the risk of allowing lesions
that threaten the macula or are infectious or malignant in etiology, to
progress. In addition, a plan should be designed so that proper testing of
the biopsy tissue is carried out. This requires coordinating care amongst
the surgeons, pathologist, microbiologist, and molecular biologist. The
information obtained from the biopsy can often lead to a change in clini-
cal treatment with benefits seen in the patient’s vision and, in the case of
PIOL, extension of the patient’s life.

Figure 9.3 shows an algorithm that employs the diagnostic techniques
we have covered in this chapter.
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Chapter 10

Management and Treatment of PIOL

Without treatment, PIOL is often rapidly fatal, especially when associ-
ated with PCNSL.! Patients with untreated PCNSL have a mean survival of
just under three months.” Currently, the five-year survival rate ranges from
less than 20% to 34% with our best therapies.”* It is imperative, then, that
a prompt diagnosis is made so that life-extending treatment may be initiated.
In fact, in recent years, with increased awareness of PIOL, our diagnostic
prowess has improved. However, there is still room for improvement in
our therapeutic proficiency. What makes the treatment of PIOL difficult is
that no truly definitive treatment exists. Large, multi-center clinical trials
are difficult to perform because of the rarity of this malignancy. Despite
this there have been shifts in treatments, and these have had some benefits
in extending the lives of patients with PIOL.

Treating a patient with PIOL involves cooperative, well-orchestrated
efforts among ophthalmologists, neuro-oncologists, and/or hemato-
oncologists. In many ways, the treatment of PIOL patients is a new terri-
tory for both fields, and careful planning of treatment by these specialists
will ensure that the patient receives the best chance for extending
survival.

Historical Therapies

Surgery. When central nervous system (CNS) reticulum cell sarcoma
(RCS), now known as primary CNS lymphoma (PCNSL), was recognized
as a distinct primary malignancy affecting the brain, one method that was
commonly employed in an attempt to combat the disease was surgical
intervention. In fact, surgery was a typical intervention for many extran-
odal lymphomas during the period from the 1950s to the mid-1960s.”
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Patients presenting with focal neurological deficits and symptoms sug-
gested to surgeons that a probable intracranial mass was present. The pre-
cise nature of the mass (such as, glioma, astrocytoma, or RCS), however,
could not be known for certain until at least a craniotomy with biopsy or
resection was performed to obtain tissue for histopathologic examination.

While surgery was helpful, especially in cases of discrete, solitary
masses, this therapy was noted to be an inadequate way to treat PCNSL.
Henry and colleagues at the Armed Forces Institute of Pathology (AFIP)
in Washington, D.C. examined 83 cases of primary malignant lymphoma
of the CNS; 11 cases (13%) were of the RCS histologic type.® Of the
81 cases in which focality of CNS lesions were determined, 45 cases (56%)
had unifocal lesions and 36 cases (44%) had lesions that were multifocal.
Sixty-eight of these patients came to autopsy, and Henry et al. noted that
because many patients had multifocal lesions, surgery was perhaps not the
best mode of therapy.® Schaumburg, Plank, and Adams have reported on
25 patients with primary CNS RCS, histologically proven at autopsy or by
biopsy.” Five patients underwent surgical excision of their cerebral lesions
without subsequent X-ray therapy. Mean survival time was just 2.5
months for these patients. Three of these patients were noted at autopsy to
have multifocal lesions. Others have also noted in their studies that the dis-
ease was multifocal in up to 25 % of their cases.! Considering the diffuse
infiltrating growth pattern of PCNSL, performing extensive surgical resec-
tion, especially in the brain, is not only difficult, but does not provide any
proven benefit with respect to morbidity and mortality.

Corticosteroids. One of the ways corticosteroids act on lymphoma
cells is mediated through glucocorticoid and glucocorticoid-like receptors
on the lymphoma cell plasma membrane and activating pathways leading
to apoptosis.*'* Using glucocorticoid receptor-like-bearing murine lym-
phoma cells, Gametchu noted that exposure to dexamethasone induced
cell membrane lysis.” Such actions helped explain the response of some
tumors, such as non-Hodgkin’s lymphomas (NHLs), to corticosteroids.'"*?
Indeed, in the cases of PCNSL and PIOL, we are well aware that corti-
costeroid use can lead to at least partial improvements in the tumor size.
Unfortunately, this response is often short-lived. Some have shown that
upregulation of the antiapoptotic protein, BCL-2, can confer resistance to
glucocorticoid-mediated cytotoxicity.”” We have seen some PCNSLs and
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PIOLs that express the translocation t(14;18), involving the immunoglob-
ulin (Ig) gene and bcl-2, which may lead to uncontrolled cell growth. At the
National Eye Institute (NEI), we recently found that of 72 PIOL patients,
40 (55%) expressed the bcl-2 t(14;18) translocation at the major break-
point region (Mbr), while 15 of 68 (22%) expressed the translocation at
the minor cluster region (mcr)."* This may explain why some patients
never exhibit a response to corticosteroid treatment (unresponsive) for
PIOL that is initially mistaken for uveitis and may imply that expression of
BCL-2 protein can circumvent glucocorticoid action in some cases of
PIOL. At other times, PIOL that masquerades as uveitis and, consequently,
is treated with corticosteroids, can experience a temporary improvement
in symptoms of blurred vision and floaters. However, later, the “uveitis”
becomes resistant to the corticosteroid used.” In other instances, “uveitis”
recurs or worsens (rebounds) upon discontinuation of the corticosteroid
treatment due to PIOL cells in the eye. As pathologists, we are all too aware
of the effects that corticosteroids have on lymphoma cells that are already
fragile. Often, prior corticosteroid use for a supposed uveitis or a mistaken
cerebral inflammation or edema (when there is a PCNSL lesion'®'”) can
lead to even more fragile, more easily destroyed cells."® This produces diag-
nostic difficulties because biopsy tissue obtained from brain or vitreous of
corticosteroid-treated patients will often disclose necrotic, non-diagnostic
cells.'™ Tt is advisable to defer biopsy in patients suspected of having
PCNSL or PIOL if they have recently been treated with corticosteroids. In
fact, if PCNSL or PIOL is suspected, use of corticosteroids should be put
on hold until these malignant entities have been satisfactorily ruled out.*

Historical Radiation Therapy. X-rays, originally discovered by the
German physicist, Wilhelm Conrad Roentgen, had been noted to cause the
regression of a mole in 1897. For his contribution to the world of physics,
Roentgen was awarded the Nobel Prize in Physics in 1901. Later, X-ray
experiments involving the sterilization of rams were conducted without
any external signs of damage. These observations suggested a therapeutic
potential for X-rays.”

Cerebral RCS was noted to be sensitive to X-ray treatment and, in
some cases, surgery was combined with radiotherapy.”*’ Schaumburg and
colleagues noted that in their group of 25 primary CNS RCS patients,
10 underwent surgery (including one patient who had a biopsy) and
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radiotherapy and the average survival time being 31.75 months.” Compare
this with the 11-month mean survival time of the six patients who did not
undergo treatment of any sort (excluding a patient who survived for eight
years without treatment) in the study by Schaumburg et al. In addition,
one patient had been alive for 2.5 years following surgery and radiother-
apy, and another was alive after five months. The question is whether sur-
gical resection of the tumor, in addition to radiotherapy, was beneficial.
Considering that neuropathology was diffuse and multifocal in 14 cases
(56%), surgical excision seems like an unnecessary procedure except in
emergency cases where herniation and immediate death were to be averted
by prompt excision or resection.

The study by Jellinger and colleagues from two centers, one in Vienna,
Austria and the other in Budapest, Hungary, also showed the therapeutic
advantage of radiation therapy.' At the Vienna site, 36 patients were iden-
tified with primary CNS malignant lymphoma. While the mean survival
after surgery was 0.9 = 0.3 months in surgery-only patients, those who
underwent both surgery and irradiation survived for a mean of 17.2 £ 9.5
months." Similarly, at the Budapest site (68 patients), those patients who
underwent surgery survived a mean of one month, while those who had
both surgery and irradiation survived 13 months.'

While PIOL and PCNSL cells are radiosensitive, the relapse rates asso-
ciated with radiation therapy are disappointingly high (see Table 10.1)."***
Char and colleagues described 20 patients with PIOL (four patients, 20%)
or PIOL/PCNSL (16 patients, 80%), with 18 patients (90%) having bilat-
eral ocular disease (see Table 10.1).” Half of the patients in the study by
Char et al. were alive at the time of report, and the other half had suc-
cumbed to their tumors. Of those alive, two received ocular radiation only
(45 Gy) and eight received combined ocular and CNS irradiation (45 Gy)
followed by chemotherapy (intrathecal methotrexate). It also appears that
each of these 10 patients underwent unilateral enucleations. Of the 10
patients who succumbed to their tumors, four patients had both ocular
and CNS irradiation (45 Gy), four had ocular and CNS irradiation (45 Gy)
followed by intrathecal methotrexate, one had systemic chemotherapy
only (cyclophosphamide, vinblastine, procarbazine, and prednisone), and
one had enucleation only.”*” The variety of treatment regimens used in
these patients underscores the uncertainty that existed at that time as to
which treatment was the most efficacious.
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Contemporary Treatment of PIOL

Radiation Therapy. The therapeutic use of radiation has a most
serendipitous beginning. After leaving a canister of radium open in his
vest pocket for an afternoon, Freund discovered two weeks later that he
had developed erythema and ulceration of the skin underneath the area
where the canister of radium had been.” The potential of radiation as a
therapeutic agent had been identified.

Whole brain radiation therapy (WBRT) has been shown to lead to a
dramatic initial response with decrease in size or regression of PCNSL
lesions.”® Despite such a response, recurrence is frequent and this is evi-
denced by a poor survival rate of only 4% after five years.”**

In an important prospective phase II study of 41 patients with PCNSL
by the Radiation Therapy Oncology Group (RTOG), radiation was admin-
istered as sole initial therapy, in which 40 Gy was delivered to the entire
brain plus a 20 Gy boost to contrast enhancing lesions.*® Of the 26 patients
who had CT scans available for review four months after radiation ther-
apy, 61.5% had a complete response (median survival of 19.8 months in
these patients); 19.2% had a nearly complete response (median survival of
24.2 months); and 19.2% had a partial response (median survival of 9.9
months). Nelson et al. noted that as the nearly-complete responders could
have progressed to complete response and their median survival was of
24.2 months, they were included with the group of complete responders.
However, despite these encouraging response rates, the median overall
survival was just 12.2 months (from the time of diagnosis; 11.6 months
from starting radiation treatment) and the two-year survival rate was only
28%. Of the 41 patients, 28 patients (68.3%) had failures, with the com-
monest site of failure being the original site of disease (25 patients,
89.3%).”* Could an increase in dosage of radiation from that used in the
RTOG study, perhaps lead to better outcomes? An increase in dose to
above 40 Gy (used in the RTOG study) is unlikely to improve outcomes, as
noted by Corry and colleagues, who showed that there was no change in
outcome measures on increasing the amount of radiation administered
after 40 Gy.”

In 10 patients with PIOL/PCNSL, Akpek and colleagues noted that
four patients received radiation therapy as treatment, and three of these
patients were alive at the time of report with follow-up periods ranging
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from one to 14 months.”’ A combination of radiation and chemotherapy
was performed in two patients (one was alive after 38 months of follow-
up and another was dead after 16 months of follow-up). Another three
patients had no treatment, and two of these patients were alive after one
and two months of follow-up. The third patient without treatment was
lost to follow-up.”!

Chemotherapy. While WBRT has good initial response rates, the rate
of recurrence with this mode of therapy has left much to be desired.
Consequently, there has been a shift toward the use of chemotherapeutic
agents as a primary agent for the treatment of PCNSL and PIOL.” In addi-
tion, some of the toxic effects of radiation therapy (discussed in Adverse
Effects later in this chapter) can be avoided (although chemotherapeutic
drugs confer their own adverse effects on patients) and chemotherapy can
be delivered in two ways, either systemically or locally (intrathecally or
intravitreally).

The use of high-dose cytosine arabinoside (ARA-C), a pyrimidine
antagonist that terminates DNA chain elongation and disrupts the cell-cycle,
has been described by Strauchen and colleagues for PIOL (see Table 10.1).”
Six patients with intraocular lymphoma were described; four had under-
gone no previous treatment and two had received prior therapy. One
patient had received systemic chemotherapy for a previous systemic lym-
phoma, and another patient was previously treated with radiation for
PCNSL/PIOL and had eventually relapsed. Intravenous infusion of ARA-C
(2000-3000 mg/m?) occurred every 12 hours for three doses or every
week for three doses. Four patients exhibited partial responses to ARA-C,
which consisted of a reduction in vitreous cells and improvement in visual
acuity. These patients then underwent radiation therapy, and although
“good results” were obtained no further details in terms of the nature of
the improvement, including whether or not there was recurrence of
lesions or follow-up time periods, were noted. One patient exhibited no
response to ARA-C and, due to post-vitrectomy complications, underwent
enucleation. Finally, one patient who had previously undergone ocular
radiation therapy for PIOL and had relapsed in the brain 1.5 years later,
exhibited a complete ocular response (no vitreous cells were seen and a
subretinal nodule had regressed) and response in the brain (whether com-
plete or partial in not clear) to ARA-C. After completing the initial three
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doses of ARA-C, monthly administration of ARA-C for this patient was
continued for six months. When the chemotherapeutic agent was discon-
tinued, recurrent ocular involvement was noted. The patient was put back
on monthly administration of ARA-C and again completely responded, at
least with respect to the eye.

Methotrexate has now become the single most important chemother-
apeutic agent in the treatment of PCNSL and PIOL.*** Methotrexate is an
antimetabolic drug that is analogous to folate. Therefore, it is able to
inhibit the cellular enzyme, dihydrofolate reductase. Consequently, the de
novo synthesis of purines, one of the important building blocks of nucleic
acids, is inhibited. Methotrexate is capable of blocking cellular metabo-
lism, specifically the synthesis (S) phase of the cell-cycle. It is an important
therapeutic target for cells that are actively dividing, as in cancer. In addi-
tion, in a prodrug fashion, methotrexate becomes polyglutamated within
the cell, allowing it to stay there and continue inhibiting dihydrofolate
reductase, even after methotrexate levels have fallen.”® Interestingly,
methotrexate is not a first-line treatment for most non-Hodgkin’s lym-
phomas. Some of the first applications of methotrexate occurred in
patients with recurrent PCNSL following radiation treatment.”®” In the
cases of PCNSL and PIOL, methotrexate must be delivered in high doses
to overcome the blood-brain and blood-retina barriers, respectively.
Methotrexate appears to enter the eye at lower concentrations than the
brain. For example, methotrexate doses of 1 to 8 g/m? are usually infused
for PCNSL, but there have been suggestions that higher doses may be
required for PIOL. In a study examining intraocular concentrations of
methotrexate after high-dose (8 g/m?) systemic administration in a single
patient with PCNSL, vitreal concentrations of methotrexate were 100—fold
lower than serum.” Batchelor and colleagues found that in nine patients
receiving 8 g/m” of intravenous methotrexate in an induction-consolida-
tion-maintenance format, micromolar concentrations were reached in
both the vitreous (ranging from 1.46 to 24.20 uM) and the aqueous (rang-
ing from 3.08 to 19.47 uM) four hours after systemic methotrexate infu-
sion, which can be therapeutic. However, no later time points were studied
(see Table 10.1).”” Others have noted that perhaps vitreous administration
has utility in certain situations.**

The vitreous can be accessed relatively easily in the case of PIOL, and
intravitreal injections of methotrexate have shown some benefits.
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Generally, intravitreal injections of methotrexate have been used in
patients who have refractory or recurrent PIOL. de Smet and colleagues
described a 50-year-old woman with PCNSL and bilateral PIOL seen at
the NEL* Despite achieving clinical remission by negative CSF on sys-
temic and intrathecal chemotherapy, the ocular disease did not remit,
although it slightly improved with each systemic cycle of chemotherapy.
After a single injection of methotrexate (0.4 mg) and thiotepa (2 mg) into
the vitreous of this patient, greater than 1 pmol/L methotrexate was
achieved for five days (a level deemed to be tumoricidal) and exhibited
first-order kinetic rate of elimination (i.e., a constant fraction of drug was
eliminated per unit time). The intraocular tumor remitted which was cor-
roborated with nearly undetectable IL-10 levels. Smith and colleagues dis-
cussed the role of intravitreal methotrexate after other chemotherapy
treatments had been administered via non-local routes (oral, ventricular
via Ommaya reservoir, intravenous, and intraarterial with or without
blood-brain barrier disruption) (although one patient did have prior ocu-
lar irradiation) in 16 patients with 26 involved eyes.*’ While the median
number of intravitreal injections each patient received was 19, the median
number of injections needed to clear the tumor from the eye was 8.5. In
three patients, bilateral ocular recurrence was noted 12 to 24 months after
remission had been achieved with intravitreal methotrexate. These ocular
recurrences were associated with cerebral recurrences. However, reinsti-
tuting the intravitreal injections produced remission of the ocular tumors
in all three cases.* Management of intracerebral disease is important as six
patients in Smith’s study died due to progression of lesions in the brain;
none of these patients had intraocular tumors at autopsy.

Blood Brain Barrier Disruption and Intraarterial Chemotherapy.
Different chemotherapeutics target specific aspects of cell function to
prevent tumor growth. However, even some of the most effective thera-
peutics must be delivered appropriately to their desired site of action.
Indeed, because the blood-brain barrier serves to block large (greater than
400 daltons) and water soluble (hydrophilic) compounds, many chemother-
apeutic drugs that work well on systemic non-Hodgkin’s lymphomas
(NHLs) do not have a significant action on PCNSL or PIOL lesions that
exist behind the blood-brain or blood-retina barriers, respectively. Rapoport
et al. showed that the blood-brain barrier, which is made up of vascular
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endothelial cells and their tight junctions, could be “opened” by infusing
cerebral-supplying arteries with hypertonic solutions.”™* Such abilities
suggested a therapeutic potential for combining the opening of the barrier
with chemotherapeutic agents that were typically excluded from the brain
parenchyma, such as, cyclophophosphamide, doxorubicin, and vin-
cristine. Rapoport et al. noted that the mechanism of action of blood-
brain barrier disruption (BBBD) (which on first hearing may sound a bit
aggressive; Rapoport and colleagues use the more gentle term “opening”)
is mediated by shrinkage of the endothelial cells that line the cerebral vas-
culature. This leads to a widening of the tight junctions between endothe-
lial cells, responsible for the blood-brain barrier, such that larger and more
hydrophilic molecules than usual may pass through.***

In the early 1990s, Neuwelt and colleagues described the efficacy
of blood-brain barrier disruption in PCNSL by producing BBBD through
infusing mannitol into an artery shown radiographically to supply the
tumor.” Of the 30 patients with PCNSL, 13 were treated with radiation
and 17 were treated with chemotherapy delivered to an osmotically dis-
rupted blood-brain barrier. The BBBD with chemotherapy followed a
specific protocol. First, the DNA alkylating agent, cyclophosphamide
15 mg/kg was intravenously (IV) infused so that it could be activated into
its active phosphoramide mustard form by the liver’s P-450 enzyme (this
drug does cross the blood-brain barrier). Then, BBBD was produced by
infusing mannitol into a tumor region-supplying artery (based on the
location of tumor found on CT or MRI) as well as the two internal carotid
arteries and one vertebrobasilar artery, such that entire chemotherapy of
the brain could be accomplished. Following BBBD, methotrexate 2.5 g was
infused intraarterialy. The benefit of infusing methotrexate intra-arterially
is that it may be infused directly toward the brain rather than into the sys-
temic circulation where systemic adverse effects may more likely occur.
Finally, the DNA and RNA synthesis-inhibitor procarbazine (100 mg/day)
and dexamethasone (24 mg/day) were administered orally over a period
of two weeks after the blood-brain barrier disruption.”” Radiation was
administered to these patients only if there was progression of disease or a
recurrence. Of the 11 assessable patients from the radiation-only group
(group 1) and 16 assessable patients from the group receiving BBBD in
combination with chemotherapy and radiation (group 2), the first group’s
median survival was 17.8 months, while the second group’s median
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survival was 44.5 months.’* Therefore, BBBD and chemotherapy proved to
be a life-extending treatment modality.

While we can disrupt the blood-brain barrier through the infusion of
hypertonic compounds, others have pointed out that the tumor itself has
the potential to disrupt the barrier by its physical destruction of nearby
vasculature. Therefore, BBBD may not be requisite prior to chemothera-
peutic administration.”® Indeed, PCNSL lesions are often located perivas-
cularly. However, lesions that have diffuse spread beyond the cerebral
vascular systems, deep into the parenchyma, may be more difficult to
reach by chemotherapy and BBBD, whether produced by osmosis or by
the tumor itself. In addition, the blood-brain barrier may still be intact
despite tumor presence.*

Combining Modalities: Chemotherapy and Radiation Therapy. While
there is no standard of care for PIOL, we are discovering insights into ways
to optimize our treatment approach for this malignancy. Because some
have shown that there is no significant difference between the survival
rates of patients with PCNSL and those of patients with concurrent
PCNSL and PIOL, and in light of the fact that up to 80 to 90%***>*>? of
PIOL patients will eventuate to CNS disease, the presence of CNS disease
is a prognostic factor. Therefore, it is recommended that both the brain
and eyes be treated.”

We should remember that PIOL and PCNSL are most often of the dif-
fuse large B-cell (DLBCL) histologic subtype of non-Hodgkin’s lymphoma
(NHL). Therefore, previous use of certain chemotherapeutics in systemic
NHLs helped provide the impetus for using these agents in NHLs occur-
ring within the CNS. For example, the combined treatment of chemother-
apy and radiation therapy was also examined by O’Neill et al. in a study
of 46 patients with PCNSL.** Preirradiation chemotherapy was adminis-
tered in two cycles with an interval of four weeks and consisted of cyclo-
phosphamide, doxorubicin (Adriamycin), vincristine (Oncovorin), and
prednisone (CHOP therapy). Four weeks following the second cycle of
chemotherapy, WBRT was instituted in a dose of 50.4 Gy. Four weeks
following whole brain radiation therapy (WBRT), postirradiation chemo-
therapy was administered in the form of high dose arabinoside cytosine
(also known as ARA-C or cytarabine) with each cycle spaced from the
other by four weeks. The overall median survival for the patients studied
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was just 10.4 months, which was not any better than that noted in the
Radiation Therapy Oncology Group (RTOG) study.”® However, O’Neill
pointed to an important prognostic indicator — age. Younger patients (60
years of age or less) had a better survival that very nearly approached sta-
tistical significance as compared with patients over the age of 60 years.™

Glass and colleagues described 25 PCNSL patients who received intra-
venous methotrexate prior to whole brain radiation therapy WBRT.”
About half of the group had been reported previously and received two to
four cycles of 3 g/m* of methorexate every three weeks.”® They were
included in Glass’s report for long-term follow-up. The new group of
patients followed a schedule of methotrexate (3 g/m*) every 10 days for
three to six cycles. Complete response to methotrexate was achieved in 14
patients (56%); 10 of these patients immediately had WBRT (ranging
from 30.0-41.4 Gy) following methotrexate treatment with 100% main-
taining complete response. Partial responses (greater than 50% decrease
in tumor cross-sectional area, but less than a complete response) were
achieved in eight patients (32%). All eight underwent WBRT (ranging
from 30.0-30.6 Gy) with subsequent conversion to complete response in
seven patients (87.5%). Three patients experienced progression of their
disease and two went on to have WBRT. Of the 22 assessable patients who
responded to the provided therapy, recurrence occurred in 13 (59.1%) in
a median time of 32 months from the time of diagnosis. In those respond-
ing to the therapy, the median survival time from the time diagnosis was
made was 42.5 months.” Recall that in the first RTOG study in which radi-
ation was the sole therapy, although nearly 100% of the assessable patients
responded to the radiation treatment, even the highest median survival
time experienced by some of the responders was 18.3 months less than the
responders in Glass and colleagues’ study of pre-WBRT methotrexate
administration.”* Radiation dosages were lower in the chemotherapy-
first study of Glass (only two patients had received WBRT doses of 44.0
and 41.4 Gy, respectively) as compared with the RTOG study’s 40 Gy.
Therefore, administration of methotrexate prior to irradiation increased
long-term survival in PCNSL patients.

In a second study evaluating treatment modalities for PCNSL, the
RTOG set out to determine the efficacy of pre-irradiation chemotherapy
on PCNSL and compare the differences with their initial radiation-only
study.”®”” For patients who had a negative CSF cytology at the outset of the
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protocol, the treatment regimen included two cycles of CHOD
chemotherapy (similar to CHOP therapy, but dexamethasone was used
instead of prednisone). After the second cycle, a CT (or MRI) scan was
obtained to determine the response to treatment. Those patients exhibit-
ing responses went on to a third and final cycle of chemotherapy. However,
if CT scan revealed that there was progression of the PCNSL lesion, the
patients were given radiation therapy rather than moving on to the third
cycle of chemotherapy. In addition, patients exhibiting positive CSF cytol-
ogy received intrathecal methotrexate 12 mg/dose during the first and sec-
ond cycles. If CSF cytology remained positive at the completion of
intrathecal methotrexate administration, patients were considered as fail-
ing treatment and were taken off the protocol. Patients who had negative
CSF cytology moved on to a third cycle of chemotherapy provided CT
scan showed no progression, in which case the patients received radiation
therapy. Patients who received a third cycle of chemotherapy also com-
pleted their treatment with radiation therapy. In the end, the median sur-
vival time for the entire group was a short 16.1 months, and when this
median survival was compared with that of the RTOG’s first study exam-
ining radiation treatment as sole therapy, no difference was found.*®
Interestingly, patients in the RTOG’s second study of combined modalities
having positive CSF cytology appeared to have longer two-year and
median survivals (82% and 32 months, respectively) as compared with
their CSF-negative counterparts (33% and 13 months, respectively),
although these differences were not statistically significant.”’

In an important study, 52 patients with PCNSL (10 of whom also had
intraocular lymphoma) were committed to pre-irradiation chemotherapy
(both systemic and intrathecal), radiation, and post-irradiation chemo-
therapy.” Pre-irradiation chemotherapy consisted of 3.5 g/m* of systemic
methotrexate every other week for five cycles, with 12 mg of methotrexate
infused via an Ommaya reservoir during the weeks when systemic
methotrexate was not administered. Two other chemotherapeutic agents
were also used during this pre-irradiation chemotherapy phase. One
chemotherapeutic agent was vincristine, 1.4 mg/m®, administered during
systemic infusion of methotrexate. The other agent was procarbazine,
administered at 100 mg/m?/day for seven days during the first, third,
and final cycles of systemic methotrexate infusion. The median overall
survival for all patients was an impressive 60 months, the best to be
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seen in any large study of PCNSL/PIOL. Poor performance on the
Karnofsky Performance Scale (KPS) with a value less than 80 was also
associated with poor prognosis. Another poor prognostic factor was age
greater than 60 years. Interestingly, older patients not undergoing radia-
tion (22 patients) often succumbed to recurrent disease (45%), while older
patients receiving radiation therapy frequently died due to complications
associated with late neurotoxicity.”®

Recently, the RTOG, in conjunction with the Southwest Oncology
Group (SWOG), has provided us with another prospective study deal-
ing with the treatment of PCNSL.* After reports of methotrexate’s
potential efficacy in treating PCNSL,>**7* this newest RTOG set out to
more definitively outline the benefits of using methotrexate. The treat-
ment schema consisted of five cycles of chemotherapy administered over
10 weeks. Each cycle’s chemotherapy regimen included methotrexate
(2.5 g/m?*) and vincristine (1.4 mg/m?, maximum of 2.8 mg). Procarbazine
(100 mg/m?*/day for seven days) was given on the first, third, and final
cycles of chemotherapy. Five cycles of intrathecal administration of
methotrexate (12 mg, accomplished via an Ommaya reservoir) followed
each week of intravenous infusion of methotrexate. In addition, dexam-
ethasone was administered in a dose that was tapered weekly to discontin-
uation. WBRT was administered following completion of the
chemotherapy portion of the protocol. This study was a large one by
PCNSL standards, and data from 98 patients were presented; only one
patient had ocular involvement. Relapse occurred in 33 patients (34%)
with 28 (29%) relapsing in the CNS and five (5%) developing lymphoma
outside the CNS. Median progression-free survival was 24 months, and
the median overall survival was 36.9 months with a five-year survival rate
of 32%. These findings helped to ensure methotrexate’s leading role in our
quest to most effectively treat PCNSL.

Ferreri and colleagues discussed 22 cases of PIOL, with 21 having con-
comitant PCNSL and one having purely intraocular disease (see Table 10.1).>
Patients were treated with various regimens, and ocular remission (complete
or partial response, or progressive disease) as well as ocular failure were
examined. One patient received no treatment and succumbed to the lym-
phoma, and two patients died from toxicity associated with chemotherapy.
The patient with exclusive ocular disease received only ocular irradiation
and had complete remission with no relapse. Of eight patients receiving
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chemotherapy and radiation that had a field, including the eyes, one
patient had ocular failure. Of eight patients receiving chemotherapy with
or without radiation therapy that had a field excluding the eyes, three
patients had ocular failure. The two patients receiving radiation therapy
that included the eyes both exhibited ocular failure. The median time to
ocular failure was significantly different statistically between these three
groups, 20, 15, and 2.5 months, respectively. Thus, chemotherapy and ocu-
lar irradiation in combined PCNSL and PIOL disease significantly pro-
longed life as compared with radiation therapy alone.

Hormigo and colleagues presented two groups of patients, one group
with exclusive PIOL (17 patients) and the other with concurrent PIOL and
PCNSL (14 patients) (see Table 10.1)." Specific treatments for each
patient varied, but generally chemotherapy (either single agents or multi-
ple) alone or in combination with radiation (either ocular or WBRT) was
instituted. Chemotherapeutic agents employed included methotrexate,
ARA-C, procarbazine, vincristine, and thiotepa (the most common drug
to be administered was methotrexate). In the group of patients with exclu-
sive ocular disease; four underwent treatment with chemotherapeutics;
eight received both chemotherapy and ocular irradiation; two were
administered chemotherapy and ocular and whole-brain irradiation; and
three received ocular irradiation only. In the group of patients having con-
current ocular and cerebral disease; four received chemotherapy, one
received chemotherapy and WBRT; eight received chemotherapy and ocu-
lar and whole-brain irradiation, and two were administered ocular and
whole-brain irradiation only. The median survival of patients with exclu-
sive ocular disease was superior to patients with oculocerebral disease;
median survival from the time of diagnosis in PIOL-only patients was 39
months, while in combined PIOL/PCNSL patients, survival was 24
months (P < 0.03). The median survival from the onset of visual symp-
toms was 60 months and 35 months for the group of patients with eye dis-
ease and the group of patients with oculocerebral disease, respectively.
Clearly, PIOL in association with PCNSL shortens the length of time
patients will survive and time until diagnosis is an important factor as ear-
lier diagnoses mean that treatment may be started that much earlier.

Biologics Therapy. The CD20 molecule is a B-cell-specific differentiation
antigen expressed on the plasma membrane and is involved in transitioning
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the B-cell from G, to G, phase of the cell cycle.”® It was found during the
mid-1980s that two anti-CD20 murine IgG2a monoclonal antibodies, IF5
and B1, were potent inhibitors of B-cell differentiation to IgM and IgG
secretory cells.””®" Interestingly and paradoxically, IF5 was shown to
increase thymidine uptake, cell viability, RNA synthesis, and cell size,
although there was no effect on mitotic activity.”

As CD20 is found practically exclusively to B-cells (some CD8-positive
T-cells have been shown to express low levels of this B-cell antigen®**’) and
is involved in B-cell growth and differentiation, the ability to inhibit
CD20’s action seemed like a logical target for B-cell diseases, namely B-cell
lymphomas.

The drug, rituximab (Rituxan), was developed by IDEC Pharmaceuticals
Corporation in the early 1990s as a human-murine chimeric monoclonal
antibody specific to CD20 on both normal and malignant B-cells.**®
Rituximab, originally developed under the name IDEC-C2B8, works in
two cytotoxic ways. One is that upon binding CD20, the monoclonal anti-
body drug is able to activate the complement system. This leads to the for-
mation of the membrane attack complex (MAC) in the target cell’s
membrane, thereby destroying it. Such a mechanism of action in PCNSL
was suggested in the case of a 19-year-old patient with PCNSL who was
intraventricularly administered rituximab supplemented with autologous
serum.®® Additionally, rituximab’s Fc portion is able to bind to Fc receptors
found on cytotoxic cells, activating the formation of perforin molecules in
the membranes of target B-cells and inducing apoptosis.

Rituximab has recently been used in some cases of PCNSL as a second-
line therapy. Pels and colleagues described a 66-year-old male patient
who had histologically confirmed PCNSL.*” Despite treatment with a reg-
imen of systemic and intraventricular polychemotherapy,®® he suffered
from a relapse that was treated with the same chemotherapy regimen as
noted above. The patient relapsed a second time and procarbazine, CCNU,
and vincristine chemotherapy were initiated. Nevertheless, a third relapse
occurred and whole-brain radiation therapy was performed with partial
remission. Unfortunately, the patient’s mental faculties continued to decline
and a gadolinium enhanced T1-weighted MRI revealed a hypointense
and massive lesion occupying the left frontal lobe. Intravenous rituximab
was initiated, but to no avail; no regression of the tumor was noted on
repeat MRI. Therefore, intraventricular injections of rituximab were
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performed. Encouragingly, after one and four weeks, there were no lym-
phoma cells in the CSF and the patient exhibited slight improvement in
clinical symptoms. However, there was no change in the size of the tumor
and, in fact, two months after intraventricular injections there was
enlargement of the tumor and a return of lymphoma cells within the CSE
The patient soon succumbed to the malignancy. This is the first case to be
described in which rituximab was administered for refractory and relaps-
ing PCNSL.

Because of its large molecular weight, rituximab has difficulty cross-
ing the blood-brain barrier. This has been evidenced by SPECT scans
tracking the lack of uptake of '*I-rituximab into PCNSL lesions.*”” Others
have tried intraventricular administration of rituximab and autologous
serum as this combination proved to be tumoricidal in vitro as compared
with rituximab alone or rituximab plus heat-inactivated autologous
serum.” A patient had failed first-line treatments for PCNSL and received
intraventricular rituximab injections (10 mg/9 mL, 40 mg/12 mL, and
50 mg/13 mL supplemented (diluted) with autologous serum. Although
an improvement in the level of consciousness and abatement in the size of
tumor and cerebral edema occurred eight weeks after intraventricular
injections, no further administrations of rituximab were given and the
patient succumbed to the lymphoma.®

May rituximab be used in PIOL? One of the problems with using ritux-
imab in PIOL is its difficulty in penetrating the blood-retina barrier.”” An
approach to overcome this problem is to inject rituximab intravitreally. This
has not yet been tried in humans with PIOL, but recently, at the NEI, we
examined the pharmacokinetics of rituximab when introduced into the vit-
reous of rabbits.”" Sixteen rabbits were injected intravitreally with 100 pl of
rituximab. The injection was given to one eye of each rabbit. Because there
are two distinct compartments within the eye, the vitreous and aqueous, and
there are distinctive flow constants moving drug introduced into the vitre-
ous to the aqueous and from the aqueous out of the eye, it was important to
consider these unique aspects in shaping the pharmacokinetics of ritux-
imab. Vitreal and aqueous concentrations were monitored on the second,
seventh, eleventh, and seventeenth days. Considering that the amount of rit-
uximab in the aqueous compartment was 3% of that of the vitreal com-
partment at any time, the half-life of rituximab was very nearly that of the
amount in the vitreous alone. Therefore, half-life was found to be 4.7 days.
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These findings hold intriguing possibilities for treating both compart-
ments (aqueous and vitreous) of the eye. This is important because either
compartment may be involved in PIOL. For example, vitritis is the com-
monest finding in PIOL (66%), while anterior chamber involvement in the
form of cell and flare or keratic precipitates is the next commonest finding
(43%).”> The more challenging location to treat is perhaps the subretina,
and subretinal infiltrates are the third commonest finding in PIOL
patients.”” Kim and colleagues noted that intravenous or subconjunctival
injections of rituximab may prove to be better routes of administration for
targeting subretinal infiltrates.”

In treating PIOL, one must take into consideration the fact that the
neoplastic process occurs behind an intact blood-retina barrier. The lym-
phoma cells are nourished by the choroid and do not seem to induce neo-
vascularization to support themselves. Thus, anti-neovascularization
agents, such as, monoclonal antibodies against VEGF, may be unlikely to
be effective.

Radioimmunoconjugates may be another mode of therapy for lym-
phomas, such as, PIOL.”” Essentially, radioisotopes are attached to
immunoglobulins specific for certain antigens on tumor cells. Upon
reaching its target, the radioisotope emits particles in a certain size field
based on the energy with which each particle is emitted. Two radioistopes
(yttrium or iodine) have been used in systemic NHL with encouraging
results,”*” and it remains to be seen whether these therapies will be
employed in PIOL and PCNSL, although overcoming the blood-brain and
blood-retina barriers remains an issue.”

Similarly, cell toxins might be attached to immunoglobulins, as in the
case of BL22, a monoclonal antibody specific for CD22 found on B cell
PIOL and PCNSL cells.”

Intensive Chemotherapy with Stem Cell Rescue. It has been shown in
relapsing systemic NHL that transplantation of autologous stem cells fol-
lowing high-dose chemotherapy can lead to significantly better overall
survival as compared with conventional treatment.””

In a study of three patients with exclusive PIOL and eight patients
with combined PIOL and PCNSL who failed first-and second-line treat-
ments (which included combination chemotherapy and WBRT), five
patients (two with exclusive ocular disease and three with oculocerebral
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disease) underwent salvage treatment with high-dose chemotherapy (in
the form of thiotepa, busulfan, and cyclophosphamide) and autologous
bone marrow transplantation.” All five patients had a complete response,
although two patients did experience ocular relapse at two or six months
after bone marrow transplantation.

Later, Soussain and colleagues described 22 patients (three with exclu-
sive ocular disease, eight with oculocerebral disease, and 11 with exlusive
cerbral disease) undergoing high-dose chemotherapy and stem cell rescue
due to relapse or refractory disease.”” Of the 20 patients undergoing the
intensive chemotherapy and stem cell rescue, 16 (80%) exhibited a com-
plete response and the three-year probability of survival was 60%. Thus, in
select cases refractory to treatment, stem cell rescue may be an option
worth considering.

Targeting Chemokines and their Receptors. At the NEI, we have impli-
cated interactions between chemokines and chemokine receptors in play-
ing a role in homing PIOL cells to specific locations in the eye. PIOL cells
in the retina and subretinal (sub-RPE) area were shown to express the B-cell
chemokine receptors, CXCR4 and CXCRS5, while infiltrating reactive lym-
phocytes located in the choroid did not by immunohistochemistry.*
Retinal pigment epithelial (RPE) cells, on the other hand, showed mild
positivity for CXCL13 (also known as BLC), the ligand for CXCRS5.
Interestingly, in another study, we showed that RPE cells that were not
infiltrated by PIOL cells showed more abundant CXCLI13 and CXCLI2
(ligand for CXCR4) transcripts (mRNA) as compared with RPE cells,
which had already been infiltrated by tumor.*' This suggests that one way
PIOL cells infiltrate various portions of the retina and subretina is by “fol-
lowing” a path of chemokine expression.

Could chemokine receptor antagonists play a role in treating PIOL?
Work in the AIDS arena has brought to light an intriguing antagonist of
CXCR4, known as AMD-3100. CXCR4 (in addition to CD4) is used by
the human immunodeficiency virus (HIV) to fuse to and thereby gain
entry into the T-cell. By inhibiting CXCR4, AMD-3100 has been shown to
inhibit in vitro replication of T-tropic strains of HIV-1 and HIV-2. CCR5
is expressed by both T-cells and macrophages, which is used by
macrophage-tropic strains of HIV-1 to fuse to and gain entry into
macrophages. This receptor has also been a target for antagonists to inhibit
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HIV infection.*” These antagonists may prove to be of use in NHLs, such
as, PIOL, although experiments involving these drugs have not yet been
performed.

Adverse Effects Associated with Therapy

While our therapeutic options can help extend the lives of patients
with PIOL and PCNSL, they are not completely benign. Like any other
pharmacologic agent, certain adverse effects are associated with treatment.

Complications of Radiation Therapy. Radiation therapy has many
dire toxic effects. Many of these present themselves after some delay. One
of the most devastating adverse effects of radiation therapy is the produc-
tion of irreversible decline in cognitive function. High doses of radiation
therapy, doses in excess of 60 Gy, can lead to brain parenchyma necrosis.”®
Abrey and colleagues noted that delayed neurotoxicity (characterized by
gait ataxia, dementia, urinary incontinence, and decline in Karnofsky per-
formance scale) affected 32% of PCNSL patients receiving combined ther-
apy with methotrexate followed by WBRT and cytarabine.* A significant
risk factor for developing neurotoxicity was age greater than 60 years.

In Hoffman’s study, the most common complication was severe cataract
in five (50%) patients; keratoconjunctivitis sicca in four (40%); punctate
keratopathy in two (20%); radiation retinopathy in two (20%); optic atro-
phy in one (10%); glaucoma due to rubeosis iridis in one (10%); and car-
cinoma in situ of the limbus in one (10%).*> We have experience of
successful eradication of PIOL in two patients treated with radiation.
Although no PIOL cells were found in the autopsied eyes, they revealed
cataracts, loss of photoreceptor cells, and gliosis.

In addition, radiation therapy prior to instituting BBBD and chemother-
apy can result in decreased amounts of chemotherapeutic passing through
the BBB.* An animal model has shown that with irradiation, changes in the
vasculature, such as endothelial hyperplasia, stromal fibrosis, and basement
membrane changes, lead to decreased chemotherapeutic agent delivery to
the brain whether delivered one month or one day prior to methotrexate
administration.”” Dahlborg and colleagues showed that patients receiving
BBBD and chemotherapy had better mean survival times (41 months) as
compared with patients receiving radiotherapy (16 months).*
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Complications of Methotrexate Therapy. Some of the common toxici-
ties associated with methotrexate include stomatitis, myelosuppresion, alope-
cia, and gastrointestinal upset. Toxicity generally occurs when there is delayed
excretion of methotrexate or when persistently high levels of the drug exist
due to methotrexate-induced renal damage. Although hemoperfusion® and
hemodialysis® may be used in cases where there is life-threateningly high
concentrations of methotrexate, many of the toxicities can be prevented or
alleviated by administering leucovorin after methotrexate is delivered sys-
temically or intrathecally.” Colestimide, an anion exchange resin (occasion-
ally used in hypercholesterolemia), which binds to methotrexate has also
been noted to expedite the clearance of high doses of methotrexate.”

Polymorphisms in DNA have been associated with disease, such as
age-related macular degeneration.”* Could polymorphisms also be asso-
ciated with drug-related neurotoxicity? This intriguing possibility has
been raised by Linnebank and colleagues who noted that in patients with
PCNSL undergoing treatment (systemic chemotherapy with methotrex-
ate, ifosfamide, cyclophosphamide, cytarabine, vincristine, vindesine, and
dexamethasone and intraventricular chemotherapy with methotrexate,
cytarabine, and prednisolone), the presence of at least one of three func-
tional polymorphisms involved in methionine synthase activity conferred
a relative risk of 4.7 for white matter changes associated with methotrex-
ate.'” Methionine synthase is involved in CNS myelination, and
methotrexate’s depletion of a key substrate required by methionine syn-
thase is hypothesized to be involved in the white matter changes. However,
others have shown that there was no influence of a single polymorphism
in the gene encoding an enzyme involved in methionine metabolism on
toxicity associated with treatment of pediatric systemic NHL with high-
dose methotrexate in pediatric patients with systemic NHL."”' No signifi-
cant differences in toxicity associated with high-dose methotrexate exist
between younger patients (less than 60 years of age) and older patients
(over 60 years of age) with PCNSL and having normal renal function.'”

Intravitreal methotrexate carries the risk of corneal epitheliopathy;
this was observed in 15 of 26 eyes (58%) that were submitted to intravit-
real injections.”’ We have also observed damage of limbal stem cells sec-
ondary to long-term intravitreal methotrexate. In addition, progression of
cataracts is associated with intravitreal injections of methotrexate. In 19 of
26 treated eyes, cataracts were noted to progress.* However, in 12 of these
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19 cataractous eyes, vitrectomies had been performed prior to intravitreal
methotrexate injections and vitrectomies in and of themselves are known
to cause progression of cataracts.'”'* Other risks associated with injec-
tions into the vitreous include vitreous hemorrhage, endophthalmitis,
retinal detachment, and increased intraocular pressure.

Complications of Blood-Brain Barrier Disruption and Intraarterial
Chemotherapy Administration. Seizures have been noted to occur in up
to 6% of patients receiving BBBD.'” These occurrences may be averted by
the administration of anticonvulsant prior to the initiation of BBBD. The
most serious complication arising from the administration of chemother-
apeutics intraarterially rather than intravenously is increased risk of
thrombotic events.'”” Other complications arising out of BBBD and
intraarterial chemotherapy administration include increased intracranial
pressure and neuropsychotic toxicities.

Complications of Rituximab. Neurotoxic effects have not been

b,%”1% and as with

described with the intrathecal administration of rituxima
other intravitreal injections, there is a risk of endophthalmitis, vitreous
hemorrhage, or retinal detachment. Recently, intravenous infusion of'*’I-
rituximab into four patients with PCNSL (unifocal lesions in two patients
and multifocal in two others) and serial SPECT scans at 1, 24, and 48 hours
post-infusion have been described.”” The authors showed that only very
faint accumulation of '*I-rituximab in the region of edema about three of
the patients’ respective tumors was noted and a questionable accumulation
of drug within the tumor was seen in one patient on the last scan. In fact,
the activity in the tumor was lower than that of the background of the
body, leaving the drug available to accumulate in the peripheral blood and
bone marrow rather than the intended target located in the CNS.”

Recommended Therapeutic Approach. We have learned much over
the years in treating PIOL and PCNSL. All PIOL patients must be evalu-
ated by neurooncologists. For immunocompetent patients under 60 years
of age, it would be wise to learn from the experience of the most recent
RTOG study,”® especially when PIOL occurs with concomitant PCNSL. Thus,
a first-line therapy for PIOL patients should start with high-dose methotrex-
ate (which can be combined with other chemotherapeutic agents) followed
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by WBRT of 36—40 Gy with an ocular-inclusive field (posterior two-thirds of
both eyes, even if ocular disease is unilateral) dose of 30 Gy.” For patients with
exclusive PIOL, similar treatments with high-dose methotrexate-based regi-
mens should be instituted.* Because of the natural tendency of the disease in
PIOL patients to eventually develop into cerebral disease and considering that
relapses on therapy can occur in the brain, ocular and whole-brain irradiation
may be considered in some patients with isolated ocular lymphoma. However,
for immunocompetent patients over the age of 60 years (one of two identi-
fied poor prognostic factors), the combination of high-dose chemotherapy
and WBRT can have severe neurologic sequelae. Deterioration in neurologic
functioning could lead to a decrease in the Karnofsky Performance Status
(KPS) scale (the second of two well-identified poor prognostic factors®®) and
bode poorly for the patient over 60 years of age. Consequently, chemother-
apy without radiation therapy in this group of patients is reccommended. In
cases where ocular disease relapses or is refractory to high-dose methotrex-
ate-based regimens, intravitreal methotrexate may be considered. Two other
cases exist, however, where local chemotherapy may be administered: high
tumor burden in the eye (adjunctive to systemic chemotherapy) and in cases
where systemic administration of chemotherapeutics is contraindicated.”

Treatment for AIDS-related PCNSL/PIOL. While AIDS patients have a
higher incidence of PCNSL than immunocompetent patients, the incidence
rates for this particular group of immunocompromised patients have
decreased since the introduction of highly-active anti-retroviral therapy
(HAART)."” Thus, the use of HAART plays an important role in maintain-
ing optimal immune status. For example, without maintenance of an ade-
quate T-cell population, latent EBV infection induces B-cell activation,
thereby promoting the pathway towards the development of PCNSL in
AIDS patients (for review see Cheung'®). Radiation therapy has been rec-
ommended for use in AIDS PCNSL patients with reports of less than four-
month median survival from the time of appearance of CNS symptoms in
those receiving radiation as compared with a median survival of just 27 days
in those not receiving whole-brain irradiation.'” Interestingly, those not
undergoing radiation most often died from tumor progression, while those
receiving brain irradiation more commonly died from opportunistic infec-
tions. In fact, the occurrence of PCNSL in AIDS patients is heralded by very
low CD4+ counts (less than 50 cells/mm?®), a point at which these patients



Table 10.1 Treatments and Outcomes in PCNSL & PIOL Studies

Patient Characteristics

Treatment Regimen N Outcome Author
4 PCNSL/PIOL pts Char, et. al®
5 PIOL pts
OWBRT 4 2 pts died after 1 and 31 mos f/u
+ Chemo?® 3
ORT (50 Gy) 1
ORT (45 Gy) + Chemo® 1
16 PCNSL/PIOL pts Mean survival 41 months in 10 living patients Char, et. al.*®
4 PIOL pts
OWBRT 45 Gy 4
ORT 45 Gy 2
OWBRT 45 Gy + IT-MTX 12
S-MTX 1
Enucleation 10°
6 PIOL pts
ARA-C (2000-3000 mg/m?) X 3 2 1 eventuated to enucleation Strauchen, et. al.**
1 maintained complete response on ARA-C
+ WBRT 4 Partial response, “Good results” w/WBRT

(Continued)
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Table 10.1 (Continued)

Patient Characteristics

Treatment Regimen N Outcome Author
21 PIOL/PCNSL pts 2-year OS 39 +/— 11% Ferreri, et. al.>
1 PIOL pt
Chemo - OWBRT 8 OS of 47+ months
Chemo - WBRT or no OWBRT 10 OS of 9.5+ months
RT 3 OS of 10 months
No Tx 1 —
PIOL/PCNSL 7 Batchelor, et. al.*
PIOL 2
Induction

8 g/m’ IV-MTX q14 days until complete response
Consolidation

8 g/m’ IV-MTX q14 days X 2 doses
Maintenance

8 g/m’ IV-MTX q28 days X 11 doses

Micromolar concentrations of MTX present in both ocular
chambers 4 h after completing infusion in 8/8
719 Ocular response to treatment; 3/7 experienced recurrent
ocular disease
2/9 Refractory ocular disease requiring ORT = complete

response
7 pts with PIOL/PCNSL had complete response of
CNS disease

(Continued)
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Table 10.1 (Continued)

Patient Characteristics

Treatment Regimen N Outcome Author

17 PIOL pts OS of 39 months from diagnosis Hormigo, et. al.”®
OS of 60 months from onset ocular sx

Chemo 4

Chemo + ORT 8

Chemo + OWBRT 2

ORT 3

14 PIOL/PCNSL pts OS of 24 months from diagnosis
OS of 35 months from onset ocular symptoms

Chemo 4

Chemo + OWBRT 8

Chemo + WBRT 1

OWBRT 5

*Chemo was variable and included IT-MTX as well as unstated IT and systemic chemotherapeutics.

"These patients also received either ORT or OWBRT + IT-MTX.

PIOL/PCNSL = combined ocular and cerebral disease; PIOL = exclusive ocular disease; OWBRT = ocular and whole-brain radiation therapy; ORT = ocular
radiation therapy; IT = intrathecal; S = systemic; MTX = methotrexate; ARA-C = cytarabine; IV = intravenous.
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are at their most susceptible to a host of opportunistic organisms.''’ Clearly,
AIDS PCNSL and PIOL patients present a challenge to treatment.
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Chapter 11

Prognosis in PIOL

The word “prognosis” comes from Greek and literally means foreseeing
or fore-knowing. In medicine, prognosis is an ever-present projection. A
good prognosis is like a good weather forecast as doctors and patients
expect a certain amount of recovery and return to normalcy. A good prog-
nosis is supplanted perhaps only by cure of the disease.

Diagnoses of PCNSL and PIOL have historically been associated with
a poor prognosis. Although we have made great strides in understanding
the fascinating pathological, cytological, immunological, and molecular
characteristics of these unique lymphomas and our treatment tactics have
improved survival over the years, PCNSL and PIOL often recur. This fre-
quently bodes poorly for the patient’s life. Currently, the five-year survival
rate ranges from less than 20 to 34% with our best therapies."” Apart from
the lesions of PIOL and PCNSL themselves, the characteristics of the
patient, such as age and performance status, have been recognized as prog-
nostic indicators. Yet, the ability to foresee a patient’s future does not nec-
essarily dictate fate, at least, not for physicians. Instead, prognosis serves to
guide a physician’s treatment with the intent to change that prognosis for
the better and add meaningful time to a patient’s life.

Historical Attempts at Prognostication

Some have noted that PCNSL (known as central nervous system
(CNS) reticulum cell sarcoma (RCS) until the late 1980s) has different
cytological patterns based upon the lymphoma classification schema of
the Working Formulation, Lukes & Collins, and Kiel classification sys-
tems.”” For example, in Jellinger and Paulus’ review of 590 PCNSL histo-
logic variants from the literature, which included 20 of their own cases, the
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most common histologic type (using the New Working Formulation) to
be noted was diffuse large-cell (43.4%).® Other histologic subtypes
included diffuse large-cell immunoblastic (19.7%), diffuse small cleaved
cell (9.5%), small non-cleaved cell (8.8%), atypical and unclassifiable
(7.1%), diffuse mixed-cell (7.1%), lymphoblastic non-convoluted (2.9%),
and small lymphocytic (1.5%).* Earlier, Jellinger ef al. had suggested that
the development of a staging system for CNS RCS could be defined, and
this would have some prognostic utility.” They noted that the lymphoblas-
tic lymphoma cytologic subtype, which was characterized by densely
packed, uniform cells with cleaved nuclei, numerous mitoses, and promi-
nent nucleoli, had a poorer prognosis after surgical and radiation therapy
as compared with immunoblastoma and immunocytoma cytologic sub-
types of primary CNS malignant lymphoma.” While the mean survival
time for patients receiving surgery and irradiation for immunoblastic lym-
phoma (40 cases) and immunocytoma (19 cases) were 25 and 15 months,
respectively, the mean survival time for patients with lymphoblastic lym-
phoma (9 cases) receiving the same therapy was just six months at a cen-
ter in Budapest, Hungary.” Similarly, at a center in Vienna, Austria, the
mean survival time for patients receiving surgery and irradiation for
immunoblastic lymphoma (15 cases) and immunocytoma (16 cases) were
10 and 13 months, respectively, while the mean survival time for patients
with lymphoblastic lymphoma (5 cases) was only 4.5 months.” Regardless
of the cytologic subtypes, however, most PCNSLs were noted to be inter-
mediate- or high-grade lymphomas.®

Age and the ability to perform daily tasks have been recognized as
important prognostic factors. Pollack and colleagues reviewed the cases of
27 PCNSL patients seen at their facility from the mid-1970s to the mid-
1980s." Patients below 60 years of age had significantly better one, two,
and five year survival rates than patients who were over the age of 60.
Pollack also found that of 24 patients responding to treatment (which var-
ied among the patients and included surgery, chemotherapy, and radio-
therapy), 15 (62.5%) had recurrences of their lymphomas. Those receiving
treatment for recurrent disease (10 patients) had significantly better sur-
vivals as compared with patients not receiving treatment for recurrent dis-
ease (5 patients)."’ In addition, Pollack and colleagues looked at three
physical features of the tumor itself to determine significance on progno-
sis: tumor multiplicity, tumor size, and tumor location/cerebral structure
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involvement. Only tumor location, with respect to affectation of deep
structures (specifically, periventricular areas) significantly boded poorly
for patients compared with those with lesions affecting the cerebrum or
cerebellum.'

A patient’s ability to perform tasks associated with normal life can
help guide a physician towards different treatment or palliative care pur-
suits. Patients able to care for themselves and exhibiting no-to-minor signs
and symptoms of disease, may be able to handle more robust forms of
treatment geared at increasing survival. Patients displaying obvious signs
and symptoms of disease as well as an inability for self-care may not be
good candidates for aggressive therapies; palliative care may be more ben-
eficial for these patients. The Karnofsky Performance Status (KPS) was
developed by Karnofsky and colleagues in the late 1940s as a means to
measure primary lung carcinoma patients’ abilities entering palliative
treatment with nitrogen mustard to perform basic daily activities."' The
scale had three broad definitions: ability to proceed with normal, daily
activities by oneself without special care; ability to live at home and care
for oneself for the most part, but with the requirement of some assistance
and an inability to work; and inability to care for oneself with the require-
ment of institutionalized or hospital care, and potentially the presence of
a rapidly progressing disease. Within these three broad definitions were
specific criteria, ranging from completely “normal” to “dead” that were
attained by the ascription of a certain percentage of completely normal
(i.e. normal was assigned 100% and dead assigned 0%). Percentages were
measured in tens, and those with a percentage score greater that 70%
would be, for the most part, fairly able to perform all activities of daily liv-
ing. Perhaps the high scoring patients in this group would show only min-
imal signs or symptoms of disease.!" The KPS, then, was an attempt to
quantify some basic self-care functions.

In addition to PCNSL patients below 60 years of age, those having a
KPS 2 70 also had significantly better one, two, and five year survival rates
than patients with a KPS < 70."

A scale later developed by the Eastern Cooperative Oncology Group
(ECOG) also assessed a patient’s performance status.'” This performance
status scale had six grades ranging from zero (defined as a patient who is
fully active and has no restrictions) to five (defined as a patient who is
dead). The ECOG scale can be converted into percentages as used by the
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KPS. Thus, ECOG grades of 0, 1, 2, 3, 4, and 5 are similar to KPS percent-
ages of 90-100, 70-80, 50—60, 30—40, 10-20, and 0, respectively.’> The
ECOG score, like the KPS, has also been used to assess patients’ abilities to
perform daily activities, as a means to make prognosis in PCNSL."

Others made note of certain other findings associated with PCNSLs,
such as, elevated protein content in the CSF and tumor location. However,
no attempts were made at correlating these features with survival.>'* For
example, Henry et al. noted that of 41 cases of PCNSL (at the time still
known as reticulum cell sarcoma), 35 cases (85.4%) had elevated protein
levels of over 60 mg/100 mL CSE."* This was similar to Jellinger and col-
leagues’ CSF protein findings in their 68 PCNSL patients; 85% had ele-
vated CSF protein.’ Later, these features were studied and recognized as
prognostic factors by some.

Modern Prognosis

Age. Age, along with performance status, has been a consistent
prognostic indicator in studies of PCNSL.>">"'” Age less than 60 years is
associated with better survival than age greater than 60. However, 37 to
65% of patients with PCNSL or PIOL are over the age of 60."*2° Those
over the age of 60 also experience significant neurotoxicity associated
with radiation therapy. This results in a decline in cortical functioning.
Abrey and colleagues showed that age greater than 60 was associated
with neurotoxic effects involving dementia, decline in Karnofsky per-
formance score, ataxia, and urinary incontinence that appeared in a
median of just over a year.”' Later, Abrey and colleagues again showed
that age was an important determinant in prognosis as patients older
than 60 years fared worse than younger patients.'”” They used a high-
dose methotrexate-based regimen and compared patients older than 60
years who had radiation therapy following chemotherapy with patients
older than 60 years who had chemotherapy only.'” Regardless of having
received radiation therapy or not, older age was a poor prognostic fac-
tor. It is interesting, however, to note the difference in the cause of death
between those who had received radiation therapy and those who had
not. Patients who had received chemotherapy frequently died due to
relapse of lymphoma, while those who had received radiation therapy
following chemotherapy often died from delayed neurotoxic effects.'”
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Importantly, it has been shown that patients over the age of 60 can tol-
erate high-dose methotrexate, currently the most effective treatment for
PCNSL and PIOL. Provided renal function is normal, older patients
should receive as aggressive methotrexate doses as their younger coun-
terparts, especially in the light of the fact that older patients have a
worse prognosis.”

Occasionally, some have suggested that age can dictate what type of
therapy a patient should receive or the dosage,” although Reni and col-
leagues have shown that age and performance status are independent prog-
nostic factors.”® Indeed, as noted previously, dosage using first-line
methotrexate treatment should not differ between patients younger or
older than 60 years provided renal function is adequate.”

Performance Status. There are several ways of imparting quantitative
value to the qualitative assessment of a patient’s ability to carry out daily
activities such as the ECOG, World Health Organization (WHO) and KPS.
Performance status has consistently been shown to be an important prog-
nostic indicator in PCNSL. For example, Corry showed that a WHO status
score of less than or equal to one was associated with a significantly better
median survival time than scores greater than one.* Hematologists and
oncologists, key players involved in the treatment of patients with PCNSL
and PIOL, have been noted to preferentially use the ECOG system."

Relapse. Prognosis at relapse is poor. In Abrey et al’s study, of
27 patients who achieved a clinical response to treatment using high-dose
systemic methotrexate as well as intrathecal methotrexate followed by
radiation therapy and cytarabine, 15 (55.6%) relapsed (median disease-
free survival was 41.3 months).”" As we noted earlier, Abrey et al. showed
that in patients over the age of 60, relapse was associated with the lack of
radiation therapy.'” While those older than 60 years who did receive radi-
ation after chemotherapy did not succumb to relapse as often as their
counterparts not receiving radiation, this group succumbed to delayed
neurotoxic effects that included dementia, ataxia, and fatigue."”

Gender. Corry and colleagues showed that in 62 patients with
PCNSL, male patients had a significantly better median survival of 27.5
months compared with female patients’ median survival of 11.5 months.*
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However, more recently, Ferreri and colleagues have shown that gender
does not seem to be significantly involved in the prognosis of PCNSL.*

Histologic Subtype. Based on the current WHO-REAL classification
system, most PCNSLs are immunohistologically classified as diffuse large
B-cell lymphomas (DLBCLs).* While cytologic examination is the gold
standard for discovering malignant lymphocytes associated with PCNSL
and PIOL, the histologic appearance of the tumor has not been associated
with any type of prognostic significance.” In Ferreri and colleagues’
review of 378 patients with PCNSL, and using the Working Formulation
classification schema for identifying histologic subtypes (low grade, inter-
mediate grade, and high grade subtypes®), no significant association was
found between the histology of the tumor and the overall survival of
PCNSL patients.”

Molecular Profiling. While histologic classification may not be signifi-
cantly involved with our ability to make prognoses in PCNSL and PIOL, the
recent advances made in molecular biology now enable us to characterize
lymphomas and other cancers by the specific genes they express. Thus, the
particular genetic signature for a tumor may be involved with prognosis. As
we have mentioned in Chapter 3, three subtypes of DLBCL have been iden-
tified by gene expression profiling.”” Germinal center B-cell (GCB) DLBCLs
have a gene expression profile that is similar to normal B-cell counterparts
found in the germinal centers of lymphoid organs. One important charac-
teristic of the GCB genetic signature is the expression of the bcl-6 transcrip-
tion repressor protein,” which is a marker unique to B cells of germinal
center derivation.”®" Activated B-cell (ABC) DLBCLs have an expression
profile more like that of peripheral B-cells, which have been mitogenically
stimulated. A third type of DLBCL, known as primary mediastinal (or type
3), has a gene expression profile unlike GCB and ABC DLBCLs. In adults,
GCB DLBCLs make up approximately 50% of systemic NHL DLBCLs, while
the ABC subtype makes up approximately 30%.” GCB subtypes are associ-
ated with a better outcome than are ABC subtypes. For example, patients
with DLBCLs of the GCB subtype have been shown to have a better survival
following chemotherapy compared with their ABC subtype counterparts.’
Primary mediastinal DLBCL is also considered a clinically favorable sub-
type.” DLBCLs expressing the pro-apoptotic protein BAX have been shown
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to have better overall and disease-free survivals than those DLBCLs in which
there is a relative lack of expression of this protein.*

While there is mounting evidence that gene expression profiling has
prognostic utility in the systemic NHL realm, can these findings be applied
to the much rarer PCNSL and PIOL? We already know that most PCNSLs
and PIOLs are of the DLBCL histologic subtype; recent evidence has fur-
ther characterized these unique lymphomas as exhibiting, most often, a
GCB genetic signature.™

Molecular analyses have revealed that PCNSL and PIOL cells, which are
most commonly derived from malignant B lymphocytes, exhibit rearrange-
ments in the immunoglobulin heavy chain (IgH) gene.”” IgH gene rearrange-
ment, as discussed in Chapter 3, precedes malignant transformation in B
lymphocytes. Recently, genotypic anomalies and changes in the expression of
related proteins suggest a molecular prognosis may one day be achievable.
Pels and colleagues recently analyzed the variable region genes of 18 PCNSLs
via polymerase chain reaction (PCR) on the IgH gene.” The patients had
all undergone treatment with either methotrexate-based chemotherapy
(16 patients) or radiation and chemotherapy (two patients). Half of the
patients exhibited complete response to treatment and the other half showed
progressive disease. Although no statistical significance was reached, patients
with complete response to treatment showed a trend towards higher muta-
tion frequencies of the IgH gene as compared with patients who had pro-
gressive disease despite therapy. In addition, there was a trend towards
preferential usage of the VH4 gene segment in the IgH gene in PCNSL
patients with progressive disease (seven patients) as compared with patients
responding completely to treatment (five patients).”® Coupland and col-
leagues also analyzed the IgH gene using PCR in eight of 16 patients, but in
this instance, the patients had PIOL (six of 14 patients had concurrent cere-
bral disease).” Four patients showed usage of the VH4 gene segment and
four showed usage of the VH3 gene segment, suggesting a relationship between
PIOL and PCNSL. Furthermore, in both studies the ratio of replacement
mutations and silent mutations within the framework region (FR) of the V
gene segment was less than 1.5. These values indicated a tumor cell was anti-
gen-selected.””® Coupland’s group also revealed that in three patients with
oculocerebral disease, lymphoma cells obtained from the eye and brain lesions
in each patient and undergoing IgH-PCR had the same monoclonal PCR prod-
uct. This further supported a close relationship between PIOL and PCNSL.”*
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The translocation involving the oncogene, bcl-2 and the IgH gene
leads to increased expression of the oncoprotein and is a well-known
mechanism in the genesis of B-cell lymphoma.**™** The bcl-2 t(14;18)
translocation brings the bcl-2 gene under the control of the IgH enhancer,
resulting in deregulated BCL-2 protein expression. The BCL-2 protein is
capable of preventing apoptosis, and in vitro evidence suggests a role in
drug resistance.””** The precise role that the t(14;18) translocation plays in
B-cell lymphoma, including PCNSL and PIOL, has yet to be deter-
mined.” The bcl-2 translocation has been detected in PIOL,*** and
recent analysis performed at the National Eye Institute (NEI) on the clin-
ical outcomes in 23 PIOL patients revealed no significant association
between the translocation and survival or relapse.*” Interesting, though,
was the finding that patients with bcl-2 translocation were significantly
younger than patients without this translocation,” and youth, a fact we
have already mentioned, is a significant prognostic factor involved in
PCNSL. In addition, Larocca and colleagues have shown that most
PCNSLs exhibit expression of the BCL-6 protein, indicating a germinal
center derivation in keeping with most DLBCLs.* Of four PIOL cases
tested at the NEI for expression of bcl-6 mRNA, all were found to exhibit
overexpression.”” While no correlations have been drawn between the
expression of bcl-6 and survival in PCNSLs (or PIOLs) as has been per-
formed for systemic DLBCLSs, future studies may reveal a similar pattern
that can hold prognostic significance.

Sites of Tumor Involvement. Blay and colleagues had shown in a
review of 226 PCNSL patients that involvement of the corpus callosum or
subcortical grey structures was significantly correlated with poor sur-
vival.'® More recently, the involvement of deep brain structures has been
noted to be an independent prognostic factor.” In a retrospective review
of 370 PCNSL patients, the affectation of deep brain structures by PCNSL,
including paraventricular structures, the brainstem, the basal ganglia, and
the cerebellum was associated with significantly worse overall survival
rates as compared with a lack of involvement of these structures.”

CSF Protein Levels. High cerebrospinal fluid (CSF) protein levels
have been shown to be independently correlated with survival.'®* Blay
and colleagues in their retrospective series of 226 patients with PCNSL
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showed that those with CSF protein level higher than 0.6 g/L had poor sur-
vival.'® Likewise, Ferreri et al. showed that elevated CSF protein level was
independently associated with poor survival.”

LDH Levels. Increased levels of lactate dehydrogenase (LDH), the
enzyme involved in the intercatalysis of lactate and pyruvate, are associ-
ated with increased tissue destruction. In cancer, this may signify that there
are malignant lymphocytes which are rapidly dividing and may be associ-
ated with more aggressive disease. As in systemic NHL, elevated levels of
LDH have been associated with poor prognosis in PCNSL.>*

Methotrexate Therapy. The use of high-dose methotrexate chemother-
apy has improved survival in patients with PCNSL and PIOL. In fact, in
PCNSL patients, the use of methotrexate imparts a better prognosis com-
pared with other forms of therapy. However, recently it has been noted
that the methylation of CpG islands of the reduced folate carrier gene
(RFC-1) may confer a certain amount of resistance in PCNSL patients
undergoing methotrexate chemotherapy. It was found that PCNSL
patients exhibiting methylation of the promoter of RFC-1 had a lower
expression of the RFC protein compared with PCNSL patients who had an
unmethylated promoter and control patients with systemic DLBCLs.” The
RFC protein is important for the transport of not only folates across the
membranes of cells, but also methotrexate (a folate analogue).” Therefore,
a lower expression of RFC protein can result in tumors being less respon-
sive to methotrexate-based therapies, as in PCNSL and PIOL. At the NEI,
we recently came across a case of PIOL that was initially responsive, but
later became resistant to intravitreal methotrexate (Sen et al., unpublished
data). Immunohistochemistry on the PIOL cells revealed that most of the
cells had decreased expression of RFC and folate binding protein (FBP,
proteins involved in binding folic acid’>*). Some cells showed expression
of the multi-drug resistance protein (MRP, a protein that mediates efflux
of methotrexate and has been shown to be associated with methotrexate
resistance in vitro>*), while normal lymphocytes showed expression in
none of these patients. The PIOL cells obtained from a patient who had
responded to treatment showed the reverse expression of proteins as com-
pared with cells from the non-responding patient (i.e., there was increased
expression of RFC and FBP, but decreased expression of MRP). Ocular
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radiation treatment was resorted to in the patient unresponsive to
methotrexate, and complete response was noted after over three years of
follow-up. Further studies may typify subsets of PIOL that are more
responsive to therapies other than methotrexate.

Time to Make Diagnosis. Most cases of PIOL that are initially discov-
ered to be restricted to the eye will eventuate to involve the brain.” Thus,
another factor in the prognosis of PIOL is the time to make diagnosis from
symptom onset. As a masquerade syndrome, PIOL has a long and notorious
history of being diagnosed as a uveitis and treated as such until resistance to
uveitis therapy prompted further explanation. Today, most cases of PIOL are
diagnosed within the first year.® Thus, earlier diagnoses of PIOL may catch
the disease at an early stage and prior to development of cerebral disease. For
example, Hormigo and colleagues noted that early systemic treatment of
PIOL patients prior to cerebral involvement resulted not only in better dis-
ease control, but improved overall survival in patients with ocular disease
only as compared with those having oculocerbral disease.”

Putting it all Together. Ferreri and colleagues have developed the
International Extranodal Lymphoma Study Group (IELSG) scoring sys-
tem, a prognostic scoring system for PCNSLs.” This prognostic scoring
system incorporates age, performance status, LDH and CSF protein levels,
and deep brain structure involvement. Scores range from 0 to 5; those with
scores of 0—1 are considered to be at “low risk,” 2-3 are at “intermediate
risk,” and 4-5 are at “high risk.” Age greater than 60 years, ECOG score
greater than 1, elevated CSF protein, elevated LDH, and involvement of
deep brain structures each yield 1 point on the IELSG scoring system (see
Tables 11.1 and 11.2). Molecular factors may prove to be an additional
prognostic factor. In the end, the power of a prognostic scoring system lies
in its ability to serve as a tool to stratify patients into different groups in
which specifically tailored treatments may be administered to maximize
response and extend life. However, the utility of a prognostic scoring sys-
tem or even individual prognostic factors have yet to be applied to PIOL
specifically. Although PIOL is rarer than PCNSL, future studies may reveal
important features of PIOL relevant to prognostication. Alternatively, it
may be found that many or all of the prognostic features involved in
PCNSL can be applied to PIOL.
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Table 11.1 Prognostic Variables and their Scores — The International Extranodal
Lymphoma Study Group (IELSG) Prognostic Scoring System®

Variable Value (favorability) PCNSL' PS?
Age < 60 years (favorable) 0
> 60 years (unfavorable) 1
ECOG?’ Performance Status 0-1 (favorable) 0
2—4 (unfavorable) 1
LDH* Serum Level Normal (favorable) 0
Elevated (unfavorable) 1
Protein CSF® Concentration Normal (favorable) 0
Elevated (unfavorable) 1
Involvement of Deep Brain Structures No (favorable) 0
(periventricular regions, basal ganglia, Yes (unfavorable) 1

brainstem, cerebellum)

'"PCNSL = primary central nervous system lymphoma; PS = prognostic score; ’ECOG = Eastern
Cooperative Oncology Group; “‘LDH = lactate dehydrogenase; *CSF = cerebrospinal fluid.

Table 11.2 Total IELSG Prognostic Score®

Total PCNSL! PS? 2 Year OS® Rate
0-1 80%
2-3 48%
4-5 15%

'"PCNSL = primary central nervous system lymphoma;
*PS = prognostic score; *OS = overall survival.

Prognosis in PIOL. Although there is currently no defined prognostic
scoring system for PIOL, it is helpful to summarize features of this special
lymphoma that may likely be involved in the prognosis of the disease. Age,
a consistently valuable prognostic factor in PCNSL, is important in PIOL
as well. As in PCNSL, PIOL patients tend to be in their fifth to sixth
decades of life.”® We may be able to also derive prognostic information
based upon the location of the PIOL lesion. For example, lesions confined
to the sub-RPE space may indicate an early stage of the disease or perhaps
disease that is less aggressive than lesions that have infiltrated the retina by
breaking through the usual RPE barrier or show infiltration of the vitreous
and optic nerve. Correlating patient outcomes with fundus and fluorescein
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angiographic changes may help elucidate these possibilities. Molecular
pathology is becoming an increasingly important way to subcategorize
systemic DLBCLs, which appear to have different prognoses; recent find-
ings in PIOL suggest similarities to PCNSL in terms of germinal center
derivation and VH gene segment usage. Drug sensitivity will likely play an
important role serving as a prognostic index; this has not only been sug-
gested in PCNSL, but in PIOL as well. For example, resistance to
methotrexate may indicate subsets of PIOL that are better treated with
other forms of therapy. Drug sensitivity plays a role in the response a
tumor has to instituted treatment and may account for lesions in some
patients progressing (i.e., progressive disease), and lesions in other patients
showing a complete response. Regression and response may be followed by
performing ophthalmoscopic examination, fluorescein angiography, and
MRI and measuring the vitreal IL-10/IL-6 ratio. The precise role that CNS
involvement has in PIOL remains to be defined, but the recent description
of cases of oculocerebral disease in which eye and brain lesions have the
same molecular pathology”* reveal that prognostic factors involved in
PCNSL may be transferred to PIOL, either in part or in whole. On the
other hand, it may become evident that PIOL may impart its own unique
features to combined oculocerebral disease. Finally, it remains a mystery as
to why some PIOLs do not progress to cerebral disease. Recall that up to
80% or more of PIOLs eventuate to involve the brain, while 25% of
PCNSLs later show ocular involvement.”® Are there characteristics that
prevent some PIOLs from progressing to involve the brain? May these
characteristics serve as prognostic indices? Answers to these questions and
the development of a useful prognostic scoring system for PIOL are goals
we are intent on achieving.
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Chapter 12

Hypotheses on the Origin of PIOL

“No human being is constituted to know the truth, the whole truth, and
nothing but the truth; and even the best of men must be content with frag-
ments, with partial glimpses, never the full fruition.”

— Physician, Sir William Osler, 18491919

The pathogenesis of lymphoma in the brain and eye remains, at best,
obscure. Indeed, as immunologic sanctuaries, the development of lym-
phoma in the eye and brain still remains an elusive enigma. However,
advances in science have provided new fragments of information that
enable us to obtain better glimpses and develop a better understanding of
both PIOL and PCNSL. Several theories have been proposed as to how this
malignancy might develop within the eye and brain.!

One theory is that neoplastic transformation occurs in one of the lym-
phocyte subpopulations from the lymphoid organ that may traffic
through or inhabit the CNS and/or eye; for example, in the choroid plexus
or arachnoid membrane of the brain® and/or sub-RPE space of the eye,’
although these specific sites themselves are not necessarily the most fre-
quent locations of PCNSL. Usually, there is no B lymphocyte trafficking
through the CNS and eye. Conversely, neoplastic transformation might
occur in a population of systemic normal lymphocytes possessing recep-
tors with a tropism for CNS (both cerebral and ocular) ligands and that
cause them to “home” in to the cerebral or ocular tissues. A third hypoth-
esis notes that as immunologically privileged sites, the brain and eye have
an inherent susceptibility to allowing cellular aberrancy to occur as com-
pared with systemic sites with relatively more immune surveillance.* It has
also been hypothesized that polyclonal inflammatory proliferations, per-
haps in the face of an infection in the CNS or the eye, might then select for
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an aberrant monoclonal malignant cell population.”® In addition, genetic
susceptibility plays a role in the development of some cancers (e.g.,
prostate cancer’) and may play a part in PCNSL and PIOL. However, no
studies have identified susceptibility markers. In this chapter, we will pur-
sue these hypotheses and the attempts made at explaining how PIOL and
PCNSL might arise.

Homing of Lymphoma Cells to the CNS and the Eye

In Chapter 7, we noted some of the characteristic pathology in PCNSL.
The perivascular arrangement that PCNSL cells exhibit and from which
they infiltrate the parenchyma is at first puzzling considering that the
brain does not have any resident lymphocytes. In the case of PIOL in
the eye (also normally devoid of lymphocytes), we do not notice such a
perivascular arrangement, but rather, a distinctive localization to the area
between the retinal pigment epithelium (RPE) and Bruch’s membrane.
How, then, do we attempt to explain the entry of malignant lymphoma
cells into the CNS and RPE area?

The idea of “homing,” a process in which lymphocytes are attracted to
or called to certain sites by the interaction between cell-surface molecules,
was pioneered by Gowans and colleagues in the late 1950s and 1960s.'*"!
Initially, controversy existed with respect to the replacement and fate of
lymphocytes that flowed from the thoracic duct noted in various animals.
Gowans and Knight collected lymphocytes from donor rats and labeled
them in vitro with tritiated adenosine and tritiated thymidine (which
would enable their path to be followed at various time points using radi-
ographic imaging). They transfused these labeled lymphocytes into the
blood of recipient rats.'” The labeled lymphocytes were shown to home
into lymph nodes and, then, later reappear in the thoracic duct lymph.
Today, we know that the recirculation of lymphocytes and their ability to
home in to the afferent high endothelial venules (HEVs) of lymph nodes is
by virtue of the expression of surface receptors (e.g., L-selectins, in the
family of adhesion molecules). These interact with ligands present on
the endothelial cells. In uveitis, lymphocyte function-associated antigen
(CD11a) is expressed on infiltrating inflammatory cells and its ligand (or
receptor), intracellular adhesion molecule-1 (ICAM-1, CD54), is expressed
on ocular blood endothelial and RPE cells. Thus, inflammatory cells are



212 Primary Intraocular Lymphoma

recruited inside the eye.”” With the homing of normal lymphocytes in
mind, the elucidation of mechanisms implicating the homing process in
malignant lymphocytes and how this may relate to localization and metas-
tasis has become a recent pursuit.

Cytokines and chemokines play important roles in immunologic
processes. Cytokines are important cell-signaling molecules that are
involved in the recruitment of immune cells to various tissues. For exam-
ple, we see an increase in the constitutive expression of the glucocorticoid-
induced tumor necrosis factor-related receptor ligand (GITRL) by retinal
tissues when proinflammatory cytokines are present and the ligand,
which can engage its receptor, GITR, expressed on subsets of CD4-positive
T-cells, and then play a role in some immune processes in the eye.
Chemokines are a special family of cytokines that are involved specifically
in leukocyte chemotaxis. In fact, the word “chemokine” is a portmanteau
of chemotactic cytokines. All chemokines share homology in both their
gene and amino acid sequences. The chemokine nomenclature is derived
from the first two conserved cysteines (C) in their amino acid sequence.
Thus, the group of chemokines in which the first two cysteines are adja-
cent to each other is known as the CC chemokine group. The group
of chemokines in which the cysteines are separated by an amino acid (X)
is known as the CXC chemokine group. CC and CXC chemokines bind
to their own types of receptors (R), CCR and CXCR, respectively. Two
other chemokine groups are known, the C chemokine group (having only
one conserved cysteine) and the CX3C chemokine group (with one mem-
ber, fractakine/neurotactin, and in which three amino acids separate the
two cysteines). Chemokine receptors are integral membrane proteins
that span the membrane seven times and are coupled to G proteins.'
CXC chemokines have a specific amino acid sequence of glutamic acid-
leucine-arginine that precedes the first cysteine residue. However, there
are CXC chemokines that do not have this particular amino acid motif,
and at least some of these are involved in lymphocyte chemoattraction.
We might think of chemokines as attracting sensitive lymphocytes
and monocytes/macrophages to specific sites in a specific direction by
the chemokine concentration expressed by certain tissues. Thus, increas-
ing concentrations of chemokines could serve to allow lymphocytes
to migrate upon a path of ever-increasing chemokine concentrations
to locations where the lymphocytes are needed. The interaction of
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chemokines with their receptors on lymphocytes, then, is involved in both
immune cell surveillance and accumulation. Obviously, chemokine and
chemokine receptor interactions are important for proper immune func-
tion, but can such interactions be involved in malignant conditions?

Studies looking at a variety of cancers, including breast carcinoma,"
colorectal cancer,'® and epithelial ovarian cancer'” have implicated chemo-
kines as partaking in a process that allows for tumor growth, localization,
and metastasis in specific sites. In the eye, previous studies have shown
that the RPE produces chemokines, such as, CCL2 (also known as mono-
cyte chemoattractant protein, MCP),'® CXCLS8 (also known as interleukin 8,
IL-8),"” and CCL5 (also known as regulated on activation, normally T cell
expressed and secreted, RANTES).”” An improper expression of chemo-
kines or their receptors may play a role in disease. Recently, our laboratory
at the National Eye Institute (NEI) has shown that polymorphisms in the
CX3CR1 gene may produce a receptor expressed by macrophages with
decreased affinity for the ligand CX3CL1. This may ultimately play a role
in enhancing the risk for developing age-related macular degeneration
(AMD).*" A chemokine-chemokine receptor system that is somehow dys-
functional, then, has the potential to play a role in the development of dis-
ease processes, including cancer.

Recent evidence suggests that chemokines may be involved in
PCNSL and PIOL. We noted previously that the homing of lymphocytes
occurs in a specific direction based upon a chemokine gradient path.
This may explain the characteristic locations in which we find PIOL
cells. That is, we typically find PIOL cells located subretinally between
the retinal pigment epithelium (RPE) and Bruch’s membrane.> In other
cases, we note that from subretinal foci, infiltrating protrusions of PIOL
cells break through sections of the RPE and invade the retina. From the
retina the PIOL cells may then be able to invade the vitreous and the
optic nerve. Could the expression of chemokines in a gradient fashion
lead to a characteristic mode of infiltration by PIOL cells? At the NEI
we pursued this possibility by examining the chemokine expression by
retinal tissues that included two enucleated eyes, a normal autopsy eye,
and a chorioretinal biopsy from three PIOL patients.”> Microdissection
of PIOL cells (see Chapter 9), RPE cells with lymphomatous infiltration,
and RPE cells without lymphomatous infiltration was performed, and
DNA was extracted using a proteinase K-enriched solution. Reverse
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transcriptase polymerase chain reaction (RT-PCR) was done to quantify
the expression of the chemokines CXCL12 and CXCL13 by RPE cells and
their respective receptors, CXCR4 and CXCR5, on PIOL cells. Interestingly,
we found that RPE cells infiltrated by PIOL cells had a lower expression
of CXCLI2 and CXCLI13 compared with their counterparts not yet
invaded by PIOL. The RPE cells from the normal control eye did not
express these chemokines either by immunohistochemistry or RT-PCR.
Both CXCR5 and CXCR4 were expressed by PIOL cells.”” Thus, in the
development of PIOL, RPE cells, for as yet unknown reasons, may express
the chemokines CXCL12 and CXCL13, which may, in part, serve to guide
malignant PIOL cells from the initial sites of infiltration to involve more
areas. The expression of similar chemokines may promote the infiltration
of the retina and vitreous. An interesting divergence from this idea of a
chemokine pathway that originates in the subretina are cases in the liter-
ature where there are no subretinal lesions, but only PIOL cells in the
vitreous.” Additionally, adhesion molecules may also be involved in the
homing of lymphoma cells to bring PCNSL and PIOL to fruition. In an
immunocompromised murine model (severe combined immunodefi-
ciency or SCID) mice were used by Bashir and colleagues to study the
involvement of LFA-1 (CD11a, a receptor expressed on B and T lympho-
cytes) and ICAM-1 (CD54) might have in homing human-derived EBV-
immortalized B cells heterotransplanted into the right frontal lobe of the
mice.** Immunohistochemistry revealed staining of lymphoma for LFA-c.
and LFA-B, the two chains that make up LFA-1, as well as ICAM-1 and
staining of ICAM-1 in the brain tumor blood vessels; cerebral tissues
from control mice did not exhibit staining for ICAM-1. In addition to
this murine model, Bashir, et al. performed immunohistochemistry on
12 PCNSL tissue samples (one case was from an AIDS patient). Staining
for LFA-1a, LFA-1P3, and ICAM-1 was noted in 11, 9, and 9 patients,
respectively. Tumor blood vessels, which stained positive for ICAM-1,
were noted in six out of seven tumors that exhibited definite tumor vas-
culature. However, in brain tissue from these patients without lym-
phomatous infiltration, staining for adhesion molecules did not occur.
Thus, in both human PCNSL and the murine model, LFA-1 and ICAM-1
interactions potentially play a role in the homing of malignant lympho-
cytes to certain regions of the brain parenchyma,* although no specific
anatomical location was noted in the human samples.
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Derivation of Lymphoma Cells

We have discussed the involvement of chemokines and their receptors
in homing malignant lymphoma cells into the eye and CNS. However,
from which normal counterpart are these malignant cells derived? Are
there molecular clues that may hint at the etiology involved in malignant
transformation?

Chromosomal alterations and the expression of certain genes can pro-
vide us clues as to the stages of differentiation particular cells (both benign
and malignant) may be in and seem to offer the potential of serving as a
novel way to subtype some lymphomas.**® Larocca and colleagues have
demonstrated that most PCNSLs seem to be derived from the germinal
center (GC) as evidenced by the frequent expression of BCL-6 in non-
AIDS PCNSL (100% of such cases) and AIDS PCNSL (56% of such
cases).” BCL-6 is a zinc finger/POZ transcriptional repressor protein
involved in B-cell differentiation.”® Germinal center B-cells express BCL-6,
but not pre-GC B-cells nor the more differentiated plasma cells.”~!
Interestingly, Larocca et al. showed that the expression of BCL-6 seemed to
be mutually exclusive of expression of the Epstein-Barr virus (EBV) pro-
tein, LMP-1, and the anti-apoptotic protein, BCL-2. Two expression pat-
terns were exhibited by the PCNSLs: BCL-6"/LMP-17/BCL-2", which had a
histologic pattern of large noncleaved cells and BCL-6/LMP-1*/BCL-2%,
which histologically appeared as immunoblastic morphology. Considering
that most of the PCNSLs expressed BCL-6, the histogenesis and patho-
genesis of many PCNSLs may relate to the normal counterpart cell being
the GC B-cell. Another point of interest in their work was that while muta-
tions involving the 5’ noncoding region of the bcl-6 gene were noted
(42.3% of AIDS PCNSLs and 59.1% of non-AIDS PCNSLs), there were no
rearrangements involving this gene in the PCNSLs. Thus, the expression of
BCL-6 seems to be evidence of a B-cell’s derivation from the GC and is dis-
tinct from other B-cell lymphomas, such as, mantle cell and marginal zone
lymphomas.”

Coupland’s group also showed that in 50 patients with PIOL/PCNSL,
most had immunohistochemical evidence of a GC derivation. Immuno-
globulin transcription factors, including expression of Ig protein and BCL-6,
were exhibited by 43 (86%) and 46 (92%) of the patients, respectively.’
In addition, other immunoglobulin transcription factors, including the
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proteins BSAP/PAX5, MUMI1/IRF4, Oct. 2, and its co-activator BOB.1/
OBE.1 were shown to be expressed by most of the PIOL/PCNSL cells (98 to
100% of cases). Interestingly, while 46 of 50 PIOL/PCNSL cases expressed
immunoglobulin, only 27 of 50 cases of peripheral DLBCL expressed this
protein. Another difference between PIOL/PCNSL cases and peripheral
DLBCL cases was the expression of the transcription factor PU.1. Ten per-
cent of PIOL/PCNSL cases exhibited expression of this protein, while 46%
of peripheral DLBCL cases showed expression. The differences in expres-
sion of the PU.1 transcription factor and immunoglobulin are interesting
considering that PIOL and PCNSLs are subsets of DLBCLs and denote
some of the basic molecular differences between peripheral DLBCL and
PIOL/PCNSLs.

In our recent study of 72 PIOL cases, 40 of 72 (55%) patients
expressed bcl-2 translocation, six of 26 (23%) expressed bcl-10 gene, and
four of four tested patients expressed bcl-6 gene.” Again, PIOL exhibits a
unique pattern when compared with systemic lymphomas, such as, follic-
ular lymphoma, DLBCL, or PCNSL. Overall, the gene expression in PIOL
seems more closely related to GC derived-DLBCL.

Multicentricity of PCNSL/PIOL

In any one patient with concurrent cerebral and ocular disease, are the
lesions in each site due to multiple sites of malignant transformation or
are the lesions more representative of separate sites of the same neoplastic
process? It seems that a multicentric origin for PCNSL and PIOL is sug-
gested.®*** Indeed, Coupland and colleagues have described three cases of
combined PIOL and PCNSL in which lymphoma cells obtained from ocu-
lar and cerebral lesions underwent the polymerase chain reaction (PCR)
of the IgH gene.”** Each case showed that lymphoma cells obtained from
ocular and cerebral lesions had the same PCR product, indicating separate
foci of the same neoplastic condition. Whether lymphoma cells move
between ocular and cerebral compartments via the optic nerve or cere-
brospinal fluid (CSF) has not been determined, although in one animal
model, lymphoma cells were noted to spread via the optic nerve.” This
model will be discussed in detail in Chapter 13.

Coupland’s group has shown that the PIOL cells are closely related
to the PCNSL cells. Using PCR, it was shown that 4 of 8 cases of PIOL
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(one of these four cases having concurrent cerebral involvement) used the
VH gene segment, VH4-34.% Previously, preferential usage of the VH4-34
segment of the IgH gene was shown in 5 of 10 cases of PCNSL.*® Both
studies suggested that PIOL and PCNSL were closely related to each other.
They also suggested a germinal center derivation for both PIOL and
PCNSL by virtue of the fact that somatic mutations in the V region of the
IgH gene had occurred, perhaps implicating a selection for the expression
of a functional antibody by the malignant lymphoma cells.*

Origin of PCNSL/PIOL in Immunocompromised Patients

Although not completely understood, the development of PCNSL and
PIOL in immunocompromised patients is a little easier to explain. While
in immunocompetent patients predisposing factors are yet to be identified,
it is known that the development of PCNSL and PIOL in immunocom-
promised patients (including those with congenital immunodeficiency
syndromes, those receiving iatrogenic immunosuppression after allograft
organ transplantation, and HIV-infected patients) is associated with the
reactivation of the latent Epstein Barr virus (EBV) infection in an immun-
odeficient milieu.”*' EBV preferentially infects B-cells and leads to the
proliferation of B lymphocytes; these processes induced by EBV are impli-
cated as playing a causative role in malignant lymphoproliferations, such
as, Burkitt’s lymphoma, Hodgkin’s disease, and nasopharyngeal carci-
noma.* Human herpes virus 8 (HHV-8) DNA in the PIOL cells has been
detected by us in an AIDS patient and both EBV and HHV-8 DNAs in the
PIOL cells of another AIDS patient.*

Infectious etiologies may also play a role in some PIOLs and PCNSLs
found in immunocompetent patients. In our laboratory at the NEI, we
described two HIV-negative patients who had retinochoroidal lesions
reminiscent of ocular toxoplasmosis found to have PIOL by cytology and
molecular analyses of diagnostic vitrectomy specimens.® Interestingly,
these two patients exhibited T. gondii DNA, but not HHV-8 or EBV DNAs,
in PIOL cells; normal cells did not contain infectious microorganism DNA
or molecular evidence of monoclonality. T. gondii may play a role in other
lymphoproliferative disorders.*** HHV-8 has also been demonstrated in
some cases of PIOL.* In 6 of 32 randomly selected cases at the NEI (two
patients had AIDS), we found HHV-8 DNA using PCR amplification in
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PIOL cells, but not ocular or inflammatory cells. Additionally, in two of 21
randomly selected cases (one patient had AIDS and the other was
immunocompetent), EBV DNA was detected in the PIOL cells.* In all the
AIDS-associated PIOLs, infectious molecular signatures have been always
identified. In contrast, many PIOLs in immunocompetent patients have
not been successfully isolated or found to contain microorganisms or
infectious genes. In general, infectious etiologies may play a role in its
pathogenesis.

Annotation

Certainly, we have better glimpses into the unique features of PIOL
and perhaps one day we will have more than just fractured glimpses; a
clearer, more distinct picture of this fascinating malignancy can be
expected. We have seen that PIOL is very similar to PCNSL and these two
lymphomatous processes, although a subset of DLBCL, exhibit molecular
features that are unique as compared with the systemic counterpart of this
immunobhistologic group. In addition, localization of PIOL cells may be
due to homing and interactions between chemokines and their receptors
as well as adhesion molecules. It is still unknown, however, under what sit-
uations and with what stimulations lymphoma-homing chemokines and
adhesion molecules are expressed. Furthermore, in most cases of PIOL in
which no infectious etiology is found and in the immunocompetent
patient, what factors are permissive to the development of an intraocular
lymphoma? Theoretical physicist Stephen Hawking said, “to confine our
attention to terrestrial matters would be to limit the human spirit.” Indeed,
as physicians and scientists we were never content with the early histologic
descriptions of PIOL and PCNSL. Immunologic characterization and the
recent exploration into the molecular realm of PIOL have brought us
closer to the truth about lymphomatous development and treatment.
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Chapter 13

Experimental Models of PIOL

The development of a suitable animal model is critical in identifying
the risk factors for disease development, elucidating fundamental molecu-
lar mechanisms in disease progression, and providing guidance as to
whether or not a particular treatment is a potentially safe and efftective
option for humans. Indeed, animal models continue to be highly valuable,
perhaps now more so than ever. While we continue to make great strides
in understanding the molecular basis and origins of PIOL, recent devel-
opments in the use of animal models have the potential to further our
understanding of this special lymphomatous process.

One of the first considerations while creating an animal model of a
human disease is the particular attribute or attributes of the human dis-
ease that will be mimicked in the animal. For example, as we are concerned
with PIOL and PCNSL, do we use lymphoma cells obtained from an ani-
mal or a human? This is an important question because the immunologic
status, whether immunocompromised or immunocompetent, of the ani-
mal may play a role in the disease process. If we attempt to use human
lymphoma cells in an animal model, will there be an immunologic
response to this xenograft? If so, perhaps the use of an animal that lacks an
intact immune system may be used in the setting of human lymphoma, or
pharmacologic immunosuppression of the host animal may be needed.
On the other hand, if we decide to use an animal-derived lymphoma in the
same animal model, does this lymphoma have features and characteristics
that are similar to human lymphoma? That is, is there an animal analogue
of a particular human lymphoma? Another important question is whether
or not primary lymphomas of the brain or eye exist in animals commonly
used as models.
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Historical Experimental PCNSL Models in Animals

Spontaneously developed PCNSLs have been described in cats and
dogs, but are rare occurrences."” To date, there has been a report of a
potential PCNSL (the histologic diagnosis was malignant reticulosis) in
two adult rats. This report emerged from a larger study that examined the
development of various cerebral tumors in the setting of ethylene oxide
exposure.” However, to our knowledge, there have not been any reports of
spontaneous development of PCNSL or PIOL in the rat or mouse.

The establishment of a murine model of PCNSL dates back to the late
1970s when Epstein and colleagues performed xenograft transplantation
of human lymphoma cells intracerebrally in nude, athymic (immuno-
compromised) mice.* The lymphoma lines were all human-derived and
histologically classified based on the Rappaport classification system.
Histologic types included diffuse undifferentiated, diffuse histiocytic,
nodular mixed histiocytic and lymphocytic, diffuse mixed histiocytic and
lymphocytic, malignant histiocytosis, and nodular sclerosing type of
Hodgkin’s disease. It was noted that with inocula of 1-5 x 10° cells of the
lymphoma lines into the cerebrum of the adult immunocompromised
mice led to the development of clinical manifestations of CNS infiltration
(e.g., cachexia, arched back, and slight megacephaly) as well as pathologic
evidence of extensive cerebral infiltration, except for inoculation with
Hodgkin’s disease. In the case of inoculation with Hodgkin’s lymphoma
cells or normal thymocytes, there was no development of cerebral edema
and, importantly, no development of intracranial malignant lesions. In the
mice that did develop extensive intracranial tumors, the cytology of the
malignant cells was similar to that of the humans from which they were
derived. Interestingly, secondary cell culture of the xenografted intracranial
tumors revealed infection of the tumor cells with the murine NTH/Swiss
type-C xenotropic virus. This raised the possibility that the heterotrans-
planted human lymphomas derived a certain degree of enhanced growth
properties from the infection.*

Others noted that human-derived diffuse histiocytic lymphoma cells
(Rappaport Classification) xenografted into nude, athymic mice were pro-
tected from antibody directed against the tumor by the blood-brain bar-
rier,” portending an obstacle to monoclonal antibody-directed therapy
(such as with Rituximab®). While large molecules like antibodies had
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difficulty traversing the blood-brain barrier, perhaps this barrier also pre-
vented extracerebral metastasis.

Romani and colleagues developed a murine model of intracerebral
lymphoma using an immunogenic lymphoma line in mice immunosup-
pressed with cyclophosphamide.” Cytotoxic T-lymphocytes were sensi-
tized to the lymphoma line and infused into the immunosuppressed mice.
Immunosuppressed mice infused with sensitized cytotoxic T-lymphocytes
of at least 10° cells exhibited regression of tumor as compared with
immunosuppressed mice not receiving the adoptive immunotherapy.
Later, it was suggested that perhaps the amount of protection a lym-
phomatous proliferation in the brain might experience from the host ani-
mal’s immune system might be contingent upon the lack of expression of
anti-graft cell surface markers.®

In an attempt to determine the spread of lymphoma in the CNS and
its relation to the blood-brain barrier, Aho and colleagues performed
extracerebral (intraperitoneal, intraarterial, intravenous, or intrathecal) or
intracerebral (i.e. intraparenchymal) injections of rat leukemized T-cell
lymphoma.” With intraperitoneal and intraarterial injections, the blood-
brain barrier was disrupted by using a technique called cold injury. This
technique involved the application of a mixture of dry ice and isopentane
to the surgically exposed skull bone over the frontal lobe. In rats that were
injected with lymphoid cells extracerebrally, the lymphoma spread into
the dura and the subarachnoid space. Parenchymal disease developed at
the terminal stages of the disease (17 days after inoculation) and was very
similar to leukemic spread of disease in humans. This pattern of involve-
ment was in contrast to intracerebral administration of the lymphoid cells
in which the pattern of spread was more similar to PCNSL in humans with
perivascular arrangement of the malignant cells in the cortex and infiltra-
tion into the white matter. In the face of blood-brain barrier disruption
with cold injury, tumors were noted to infiltrate the CNS at disrupted
sites. This suggested that a deficient barrier could open a portal to lym-
phomatous infiltration of the parenchyma.

Recent Murine Models of PIOL/PCNSL

Murine T-cell Models of PIOL. Assaf and colleagues described a
murine model in which murine T-lymphoma cells were injected into the
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peritoneum of neonatal and young mice."” These tumorigenic revertant
lymphoma cells, termed Rev-2-T-6 cells, had originally been derived from
a substrate-adherent, non-tumorigenic $49 mouse T-cell lymphoma vari-
ant developed in Balb/c mice. In culture media, these lymphoma cells grow
in suspension and when injected intraperitoneally into mice, they produce
solid abdominal tumors. The histology of these tumors is high-grade
malignant lymphoma of the small, non-cleaved cell type with a starry-sky
appearance. In Assaf and colleagues’ study, the lymphoma cells were
injected intraperitoneally into syngeneic Balb/c mice (6 to 60 days postna-
tal). In all ages of mice, intraperitoneal injection of the Rev-2-T-6 cells
produced solid abdominal tumors as expected. However, in the neonatal
mice (6 to 11 days postnatal), up to 58% developed clinical signs of eye
and CNS involvement, while none of the mice older than 13 days devel-
oped such signs. Clinical ocular findings appeared 24 to 30 days post-
inoculation, were unilateral or bilateral, and included orbit and eyelid
involvement and pseudohypopyon. In 22 young mice exhibiting clinical
ocular signs of lymphoma infiltration and that were submitted to
histopathologic examination, the orbit and optic nerve were most fre-
quently involved (86% each, though, interestingly, optic nerve parenchy-
mal involvement was not noted). The bulbar conjunctiva, eyelids, sclera,
and cornea were involved in 57%, 49%, 31%, and 0% of the examined
eyes, respectively. The uveal tract was involved in 37% of the eyes. As for
intraocular structures, 29% and 17% of the examined eyes showed involve-
ment of the anterior and posterior chambers, respectively. The vitreous and
retina were involved in 14% and 3% of the eyes, respectively. Despite their
lack of clinical signs of retinal and CNS involvement, older mice did show
some involvement of these structures on histopathologic examination (up
to 20% of inoculated older mice). The pattern of lymphoma cell infiltra-
tion in the young mice suggested that involvement of the brain was requisite
for optic nerve involvement. The subarachnoid space was most frequently
found to be involved upon histologic examination of the brain (up to 95%
of mice), suggesting that this could be the primary site of tumor infiltra-
tion. However, the choroid plexus, cranial nerves, and cranial nerve gan-
glia were also frequently involved. Ocular involvement could occur in the
setting of optic nerve involvement (suggesting extension along the optic
nerve to the eye), but could also occur independently of infiltration of the
optic nerve (suggesting another mode of involvement for the eye, perhaps
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hematogenous). The expression of cell adhesion molecules that are
involved in CNS immune reactions'' was also determined. Flow cytome-
try revealed that 60% of the Rev-2-T-6 cells expressed surface CD18,
CD11a/LFA-1, CD54/ICAM-2, CD4 and 20% of the lymphoma cells
expressed CD2. This was an intriguing model that described ocular infil-
tration of lymphoma from an intraperitoneal site. Choroidal and uveal
involvement was more common than subretinal, retinal, and vitreal
involvement and the fact that lymphoma cells were injected intraperi-
toneally producing abdominal tumors, made this model similar to
intraocular lymphoma in a human secondary to a systemic lymphoma.
Some aspects of this model were reminiscent of human PIOL, especially
with the involvement of the subretina, retina, and vitreous. However, such
an involvement was quite infrequent. Although the lymphoma cells were
of T-cell origin, many of the cell surface adhesion molecules (e.g.,
CD11a/LFA-1, CD54/ICAM-2, and CD2) found to be expressed by flow
cytometry on the Rev-2-T-6 cells were also expressed by lymphoma cells
of B-cell origin."

Later, Hochman’s group used the Rev-2-T-6 cells and performed
intraperitoneal injections into mice seven days postnatal.” Mice were
examined for manifestations of clinical ocular and CNS involvement and
sacrificed from seven to 31 days post-inoculation at which time eyes and
brains were removed for histological analysis. Up to 58% and 10% of mice
developed clinical ocular (e.g., anterior chamber and orbital involvement)
and CNS (growth retardation) signs of lymphoma infiltration, respectively.
Mice that developed clinical ocular signs of lymphoma (22 of 38, 58%) had
a significantly shorter survival than mice without these signs. Various pat-
terns of brain, optic nerve, intraocular, and orbital involvement with tumor
were observed, ultimately with 17 patterns being described."” The different
patterns of involvement suggested that intraocular involvement seemed to
follow from cerebral involvement with extension along the optic nerve into
the eye. Orbital involvement, on the other hand, did not seem to be depen-
dent upon intraocular involvement, but other mechanisms of metastasis as
this site could be involved even if no intraocular involvement was found by
histopathology. As the uvea and anterior chamber involvement was always
associated with the involvement of the optic nerve and brain and because
there was also no case in which the optic nerve was involved without brain
involvement, there seemed to be no retrograde extension from the eye to
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the brain. Hochman and colleagues also performed extensive histopatho-
logical examinations of the brain and cranial nerves at different time
points, post-lymphoma inoculation, to determine which sites might be first
infiltrated. From these analyses, it was found that the choroid plexus, cra-
nial nerves, cranial nerve ganglia, and ventricular system were infiltrated
before the subarachnoid space (recall that earlier, Hochman’s group had
found that the subarachnoid space was most frequently involved'). A
potential pathway toward lymphomatous infiltration has been described
based on this model. Similar to the earlier study by Assaf and colleagues,'’
this study was similar to a systemic lymphoma metastasizing to the brain
and eye in neonatal mice.

Recently, our laboratory at the National Eye Institute (NEI), has devel-
oped a murine model of T-cell PIOL using the murine Rev-2-T-6 lym-
phoma line."* Sixteen adult (six-to-eight-week-old compared to seven days
postnatal in a study by Hochman ef al.”’) immunocompetent Balb/c mice
were injected with either 50,000 or 100,000 Rev-2-T-6 cells through the
pars plana and into the vitreous of the left eye. The right eye was used as
control and injected only with phosphate buffered saline (PBS). Nearly all
mice from both inoculated groups developed ocular manifestations of a
masquerade syndrome consisting of vitreous opacities, some becoming
severe enough to preclude view of the posterior pole. Some mice also
developed anterior chamber involvement as evidenced by pseudohy-
popyon as well as retinal lesions in the inoculated eye. Upon histologic
examination, the lymphoma cells were found to localize to the vitreous
and between the neurosensory retina and retinal pigment epithelium
(RPE); this was confirmed using immunoperoxidase staining with an anti-
body directed against the p14 surface antigen of the Rev-2-T-6 lymphoma
cells (no other ocular and inflammatory cells stained with this antibody).
This finding further supports that the RPE cells play an important barrier
role. Microdissection was then performed to isolate the Rev-2-T-6 cells.
Reverse transcriptase polymerase chain reaction (RT-PCR) was done to
examine the fold-change (compared to control) in mRNA expression of
classical Th1 cytokines (IL-2 and IFN-y) and classical Th2 cytokines (IL-4
and IL-10) as well as the pro-inflammatory cytokine, IL-6, and a T-cell
chemokine receptor, CCRI, by both the microdissected and cultured
Rev-2-T-6 cells. Products from RT-PCR showed that IL-4 was weakly
expressed by ocular, but not cultured, Rev-2-T-6 cells. IL-10, IFN-7, and



228 Primary Intraocular Lymphoma

CCRI transcripts were expressed by both cultured and ocular lymphoma
cells. This indicated that there were no impairments in the expression of
these cytokines or the chemokine receptor when Rev-2-T-6 cells were
introduced into the ocular milieu. IL-2 and IL-6 mRNA were expressed by
neither cultured nor ocular lymphoma cells. Because IL-10/IL-6 ratios
greater than 1.0 can be an important adjunctive test in making the diag-
nosis of B-cell PIOL in humans,'>!¢ the vitreal IL-10/IL-6 ratio was mea-
sured in our Rev-2-T-6 inoculated model. Interestingly, for this murine T-cell
model,'"* the vitreal IL-10 and IL-6 levels were 691 pg/mL and 481 pg/mL,
respectively, yielding an IL-10/IL-6 ratio of 1.44. The vitreous from con-
trol eyes, which were injected only with phosphate buffer solution, had
IL-10 and IL-6 levels that were below detection.

Classically, in humans, PIOL cells are overwhelmingly of B-cell lineage
and, specifically, they are diffuse large B-cell lymphomas (DLBCL). In the
case of our experiment, we used a murine T-cell lymphoma, and subreti-
nal localization of tumor in our murine model mimicked that in humans.
However, while human PIOL cells classically localize to the area between
the RPE and Bruch’s membrane,"*° in our murine model, the lymphoma
cells localized to the area between the neuroretina and the RPE."
Nevertheless, this study was a landmark in its own right because it was a
new experimental model for intraocular lymphoma. Previously, the only
other intraocular lymphoma model available was that developed by
Hochman’s group as noted above. With our model (in which Hochman
was involved), intraocular injection produced clinical and histopathologi-
cal disease similar to the human disease. Importantly, and similar to the
human analogue, the lymphoma cells in our model localized to the sub-
retinal space and vitreous and did not induce neovascularization. We also
used adult mice in our study, which more closely resembles human PIOL.
The fact that the lymphoma cells in our model expressed the chemokine
receptor CCR1 also raised the possibility that chemokine homing was a
factor in tumor localization. Finally, the vitreal IL-10/IL-6 ratio greater
than 1.0 in our murine model was similar to that seen in human PIOL
during adjunctive testing.

Murine B-cell Models of PIOL. Our laboratory’s development of a
murine PIOL model via intravitreal injection of lymphoma cells proved
to be a promising new way to study this malignancy."* As the Rev-2-T-6
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intraocular murine model proved to be feasible, we decided to pursue a
B-cell PIOL murine model that would more closely resemble the immuno-
logic lineage found in human PIOL.

Recently, at the NEI, a human B-cell lymphoma, specifically Epstein
Barr virus (EBV)-negative Burkitt’s lymphoma, was inoculated into the
eyes of mice.” The use of a human lymphoma line required that we use an
immunodeficient mouse that would not mount a rejection response to the
xenografted tissue. We inoculated cultured human Burkitt’s lymphoma
cells (that are available for purchase from a biological technology com-
pany) into the eyes of severe combined immunodeficiency (SCID) mice
and found that in just over a week tumor developed in the eye that prefer-
entially localized to the subretinal space. In fact, the localization was akin
to that found in our previous intravitreal T-cell PIOL model' as the tumor
localized to the area above the RPE and below the retina. The brain
meningeals showed infiltration in some mice as well, indicating metastasis
from the original ocular site. Importantly, we noted by flow cytometry that
the Burkitt’s ymphoma cells expressed CD22 and B-cell chemokine recep-
tors CXCR4 and CXCR5 (with in vivo CXCR5 surface expression greater
than CXCR4 expression by immunohistochemistry), whether cultured or
obtained from the eye after inoculation and growth. In addition, IL-10 was
noted to be constitutively expressed; a 60-fold increase in IL-10 mRNA by
the lymphoma cells compared with the background level of IL-10 produc-
tion. As we noted in Chapter 8, IL-10 is an important B-cell growth factor
and is also involved in lymphomagenesis.”>> The generation of a B-cell
model of PIOL was an important success for us because we had developed
a model involving a lymphoma cell of B-cell lineage, similar to that of
human PIOL. To determine if we could treat the PIOL, we developed and
employed immunotoxin therapy. HA22 is a hybrid protein (one part mon-
oclonal antibody binding domain and the other part an immunotoxin
(covalently linked to the antibody protein), Pseudomonas exotoxin A (PE A))
that interacts with the CD22 molecule that is expressed on the surface of
the inoculated lymphoma cells. This interaction of HA22 with CD22 leads
to internalization of PE A and eventual cell death.” Upon intravitreal
injection of HA22 into eyes that had been inoculated with tumor earlier,
there was tumor-specific eradication of ocular disease. No metastases were
noted. The ability to eradicate disease in our model of PIOL and potential
for use in the human disease is certainly intriguing.
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To further characterize our model of B-cell PIOL, we performed bilat-
eral injections of the human Burkitt’s lymphoma cells through the pars
plana and into the vitreous of adult SCID mice. Control SCID mice were
bilaterally injected with PBS.” After one week, we noted during fundus-
copic examination that some mice showed vitreous haze or cells, or tumor
in the posterior pole. These findings were reminiscent of human PIOL
masquerading as an idiopathic uveitis. After two weeks, funduscopy
revealed that all the mice exhibited subretinal infiltrates. Control mice
injected with PBS, on the other hand, did not show these lesions. We then
performed histological analysis on the brains and eyes of the mice. We
observed that the lymphoma cells localized to the vitreous and subretinal
space above the RPE, a finding identical to that observed in our previous
T-cell PIOL model and similar to our initial establishment of our B-cell
PIOL model.'*?! In severe cases, tumor was noted to invade the choroid,
sclera, and even the orbit. When we compared the histology of our B-cell
model of PIOL with that in our previous Rev-2-T-6 model," we noted that
there seemed to be more choroidal invasion by the lymphoma cells in the
immunocompromised SCID mice (injected with human Burkitt’s lym-
phoma) than in the immunocompetent Balb/c mice (injected with murine
Rev-2-T-6 lymphoma). Perhaps the immunodeficient state in combina-
tion with a B-cell lymphoma played a part in the more substantial
choroidal invasion in SCID mice. We also examined chemokine and
chemokine receptor expression involved in our B-cell model and our
previous T-cell model."* Specifically, we evaluated expression of the
chemokines CXCL12 (a chemokine involved in the guidance of B-cell
chemotaxis®) and CCL3 (involved in T-cell attraction) by the microdis-
sected retina of both eyes inoculated with tumor and eyes injected only
with PBS. We also examined the expression of the chemokine receptors
CXCR4 (expressed by malignant B-cells*) and CCR1 (expressed by T-cells)
by human Burkitt’s and Rev-2-T-6 lymphoma cells, respectively, by evalu-
ating mRNA expression after performing RT-PCR. We observed that
retinas from Burkitt’s lymphoma-inoculated SCID mice had a slight
increase in CXCL12 expression compared to control retinas (i.e., inoculated
with PBS only). Microdissected retinas from the Rev-2-T-6-inoculated
BALB/c mice had a nearly two-fold change in CCL3 expression compared
to PBS control eyes. In addition, we examined the expression of the
chemokine receptors CCR1 (expressed on T-lymphocytes) and CXCR4
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(expressed by B-lymphocytes) by lymphoma cells. Microdissected
Burkitt’s lymphoma cells had just over a three-fold change in CXCR4 com-
pared to human cDNA (control DNA). Microdissected Rev-2-T-6 cells
had a slight increase in CCRI expression compared to mouse control
DNA. These findings suggest that B-cell chemokines such as CXCL12 and
T-cell chemokines like CCL3 in the retina might be involved in the hom-
ing of lymphoma cells (bearing the appropriate chemokine receptors, such
as, CXCR4 and CCRI, respectively) to subretinal locations. Compared to
controls, retina from BALB/c Rev-2-T-6 and SCID Burkitt’s-inoculated
mice had over a 10- and nearly a three-fold change in IL-6 expression and
over 5- and 4-fold changes in TNF-o expression, respectively. On the
other hand, there was a decrease in the expression of IL-10 by retinal cells
from both groups of mice. A lack of an inflammatory response in SCID
mice is suggested by a relatively lower fold-change in IL-6 expression,
which reflects that the SCID mice are immunocompromised. This B-cell
model of PIOL, then, proved to be a useful way to study the human con-
dition. Further definition of the role that chemokines and their receptors
might play in homing PIOL cells to the subretina may possibly involve
the use of molecules that interfere with chemokine-chemokine receptor
interactions.

Where Do We Go From Here? The development of a B-cell model of
PIOL that mimics the human condition is important. Indeed, this gives us
the opportunity to analyze further other chemokines and cytokines that
are involved in producing an intraocular milieu that is conducive to the
establishment of PIOL. However, in our recent B-cell lymphoma model of
PIOL, one important difference between human PIOL and our recent
models developed at the NEI exists. Recall that human PIOL in the setting
of an immunocompetent patient is most frequently a DLBCL. Our use of
SCID mice has established a model of PIOL in an immunocompromised
organism. Thus, in this respect, our model specifically mimics PIOL in
immunocompromised humans, such as AIDS and transplant patients. In
addition, the lymphoma line we used in our B-cell murine model was a
human Burkitt’s ymphoma line and not a DLBCL. We wondered if there
were lymphoma lines, specifically murine, which mimicked the human
DLBCL immunohistologic subtype. Currently, we are developing and
investigating a DLBCL model in immunocompetant mice.
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It is an exciting time for us at the NEI. We have developed promising

models of PIOL in the mouse that mimic important features of human
PIOL. Furthermore, we are working on a new model of PIOL using a
murine DLBCL in an immunocompetent mouse, bringing us closer to a
model more analogous to an immune-intact human PIOL. As the
esteemed US news reporter Walter Cronkite noted, “In seeking truth, you
have to get both sides of a story.” Soon we will be able to tell a more com-
plete story of PIOL — a story worth telling.
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Chapter 14

Summary and Algorithm

Primary intraocular lymphoma remains an enigma, but certainly
less so today than when it was first described in the late 1950s and 60s.
The developments in the fields of immunology, molecular biology, and
genetics have helped uncover some of the mysteries surrounding PIOL,
albeit partially. However, there remain many unanswered questions
involving this disease. Despite this, we are now well versed with the
pathologic features of this lymphoma. Furthermore, we have become
quite adept at being able to identify whether the patients we see in our
clinics might have PIOL or another disease based upon the clinical fea-
tures of this disease and the features of the patient (such as age and
immune status). We are able to piece together an increasing likelihood
of PIOL by using our clinical examination findings together with the
results from imaging tests, such as fluorescein angiography.' However,
we must identify the atypical lymphoma cells to make a definitive diag-
nosis that would enable us to begin treatment.>> We are, then, compe-
tent at describing the features of PIOL: how it may appear clinically
and histologically, what cells and tissues it affects, and what people (age)
are more likely to develop this disease. What remain as mysteries are
why and how this disease occurs and, specifically, why and how inside
the eye. While these questions have existed for a long time we have, until
very recently, lacked the proper tools that would enable us to answer
them. With the progress made in molecular biology and genetics, we are
better able to understand the fundamental characteristics of cancer.
This enables us to not only seek answers to questions we have had all
along, but to ask new and better questions about how and why a malig-
nancy occurs.
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PIOL affects two broad groups of people, those who are immunocom-
petent and those who are immunocompromised. Patients who are immuno-
competent typically develop PIOL in their 50s and 60s. As their immune
system is intact and involvements of microorganisms are not routinely
found, it is still not known what factors lead to the development of PIOL in
such patients.*" Immunocompromised patients, on the other hand, tend to
be younger and the development of disease in most of them is due to defi-
ciency (whether congenital, acquired, or iatrogenic) of the immune system
and reactivation of the latent Epstein Barr virus infection.' ™

Cytologic examination of the cerebrospinal fluid (CSF) or the vitreous
reveals atypical, large lymphoid cells with a large, round nucleus (that may
have numerous infoldings) and scant basophilic cytoplasm.>>'>""* Within
the granular nucleus are prominent irregular and frequently multiple
nucleoli. Immunohistochemistry has revealed that the overwhelming
majority of PIOL cells are of B-cell lineage and monoclonal (bearing B-cell
markers, such as, CD19, CD20, CD22, and CD23 as well as kappa or lambda
immunoglobulin light chains).">'”* The rare cases of primary intraocular
T-cell lymphomas bear CD3 and/or CD4 markers.””' Monoclonal
immunoglobulin H (IgH) or T-cell receptor (TCR) gene rearrangements,
identified by the polymerase chain reaction (PCR), reveal the clonal deriva-
tion of PIOL cells from a malignant progenitor.*'~*

Neoplastic PIOL B-cells secrete high amounts of IL-10, a cytokine that
is both an immunosuppressive agent (which might be one way that the
lymphoma cells escape tumor surveillance) and a B-cell growth factor
(that may aid in proliferation of the tumor).*** Our laboratory pioneered
the use of measuring vitreal IL-10 and IL-6 levels, and this has been
confirmed by other investigators.*** IL-6, a proinflammatory cytokine is
secreted in high amounts by the inflammatory cells of uveitis-macro-
phages and T-cells. IL-10 to IL-6 ratio (IL-10/IL-6) greater than 1.0, then,
is an important adjunctive test that is suggestive of PIOL.”® Special leuko-
cyte-homing cytokines, known as chemokines, likely play a role in target-
ing the PIOL cells to the subretinal space between Bruch’s membrane and
the RPE. Indeed, we have seen the expression of chemokines and their
receptors by RPE and PIOL cells, respectively, both in human PIOL and
murine models of the disease.”

The recent developments made in DNA microarray technology have
enabled us to uncover three pathogenetically distinct entities within the
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diffuse large B-cell (DLBCL) non-Hodgkin’s lymphoma histologic sub-
group.”®” The germinal center B-cell (GCB) subtype is characterized by
mutations within the rearranged immunoglobulin gene and expression of
BCL-6 protein. These properties occur specifically in B-cells undergoing
interactions in the germinal center microenvironment or in B-cells that
have passaged through the germinal center.”® Two recurrent oncogenic
events are noted to occur in GCB lymphomas, t(14;18) and c-rel expres-
sion on chromosome 2p.” Activated B-cell (ABC) subgroup lymphomas
resemble a peripheral B-cell that has been mitogenically stimulated. These
lymphomas exhibit constitutive expression of NF-xB and bcl-2 overex-
pression.” A third subtype of DLBCL, known as primary mediastinal, has
a genetic profile unlike the GCB and ABC subtypes. Most likely, we will
find that PIOLs (which are extranodal DLBCLs), will belong to either the
GCB or ABC subtype.

The expression of certain genes in PIOL will likely prove to play a role
in prognosis. Genes for proteins involved in mediating influx or efflux of
methotrexate, which is considered by most to be a first-line therapy for the
treatment of PIOL, likely will affect prognosis. In addition, the expression
of tumor suppressor proteins, such as p53, anti-apoptotic proteins like
BCL-6, or proteins associated with oncogenesis, including MUM1 (a post-
germinal center marker) may also have a role in tumor progression or
aggressiveness.”®”

The first step in making the diagnosis of PIOL is having a high index
of suspicion. Is the patient elderly and complaining of blurry vision and
floaters? Does the examination appear like an idiopathic uveitis? Perhaps
the patient is immune compromised with declining vision. When we
suspect PIOL, it is necessary to obtain an MRI to rule out cerebral
involvement as 80% of the patients with ocular involvement will eventu-
ate to cerebral disease.**” A definitive diagnosis of PIOL requires that we
identify the atypical, neoplastic lymphocytes.>>'>*"** Typically, we make
our diagnosis from cytologic evaluation of the CSF or vitrectomy.
However, if such tissues are non-diagnostic, but the suspicion for PIOL
is high, we may consider chorioretinal biopsy if there are obvious
sub-RPE lesions.”> When a diagnosis of PIOL is established it is imper-
ative that we involve neuro- and hematooncologists in the patient’s
care and coordinate follow-up. Care of the patient should never become
one-sided. Ophthalmologic examinations and evaluation of treatment is



238 Primary Intraocular Lymphoma

necessary throughout the care of the patient, whether the disease is solely
ocular or oculocerebral. The current therapy is centered on chemother-
apy with high-dose systemic methotrexate taking center stage.’
Intravitreal administration of methotrexate may be considered in situa-
tions where systemic administration is contraindicated. These situations
include cases with bulky ocular disease or recurrent ocular disease.”*
When the lymphoma is noted at discovery to involve both the brain and
eye(s), systemic high-dose methotrexate is used with consideration of
intrathecal administration. In cases of recurrence, chemotherapy may be
employed again or radiation therapy may be considered.” Newer treat-
ments involving biologics and stem cell transplantation are on the hori-
zon and may prove to be important tools in our repertoire of therapeutic
agents.

Finally, the use of animal models plays an integral role in expanding
our knowledge of this unique malignancy and offers opportunities to
design or test therapeutics.”*>>
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Chapter 15

The Future of PIOL

We are living in an age of rapidly developing technology and informa-
tion, and this has had an enormous impact on the advancement of science
and the practice of medicine. In the arena of cancer, technological advance-
ments and research achievements have enabled us to expand our under-
standing of factors involved in the development of cancers, oncogenes and
tumor suppressor genes that certain cancers express, and how cancers
might grow, localize, and metastasize. The progress made in understanding
genetics and environmental factors also helps us to prevent and treat can-
cers with individualized, better-targeting therapies. Recently, we have seen
new technologies lending themselves to use in further characterizing PIOL.
Much has yet to be learned of this intraocular lymphoproliferation, but it
is exciting to think that we are in the midst of truly understanding this dis-
ease process. We have made much progress since our first descriptions of
the intraocular “reticulum cell sarcoma” of the 1950s.

The immunologic and histologic features of most PIOLs reveal that
they belong to the diffuse large B-cell (DLBCL) histologic subtype in the
WHO-REAL classification system."' As these lymphomas occur outside the
setting of lymph nodes and lymphoid structures, they are by definition,
extranodal. Yet, with the recent discovery of three pathogenetically and
clinically distinct subcategories within the DLBCL histologic subtype of
NHLs by DNA microarray technology,”” there is the potential to likewise
classify PIOLs as belonging to the activated B-cell (ABC) or germinal cen-
ter B-cell (GCB) subtypes. We may find that some patients have a PIOL
like that of the GCB subtype, while others may have a PIOL resembling the
ABC subtype. As our current technology develops and enables us to ana-
lyze the gene expression profiles of small samples (as in the case of PIOL),
our ability to further characterize PIOLs by their unique genetic signature
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will increase. This will enable us to stratify our patients into prognostic
categories so that we can make better judgments in treating a particular
patient with PIOL.

With the sequencing of the human genome, it is now possible to iden-
tify single nucleotide polymorphisms (SNPs) that are associated with dis-
ease. Genetic variance likely plays an important role in the evolution of
some diseases and their response to treatment. For example, SNPs have
been associated with age-related macular degeneration (AMD)*'! and
some have reported methotrexate-toxicity due to SNPs.'” Analyses of genes
important in PIOL (e.g. those associated with IL-10,"*'* chemokines and
their receptors," and drug sensitivity or resistance proteins'®'”) may reveal
that some patients are more susceptible than others to developing PIOL.

Currently, there is no standard of care treatment for PIOL, but high-
dose intravenous methotrexate has proven to be the single most important
therapy.' Intrathecal and intravitreal methotrexate may also become
important routes of administration depending upon the bulkiness or refrac-
toriness of disease.”””® We may also find intrathecal or intravitreal
methotrexate becoming first-line routes of administration like systemic
methotrexate. However, we must recall that most cases of PIOL will also lead
to cerebral involvement, and this fact requires our consideration when
determining the appropriate route of administration for our patients.”~**
The role of radiation therapy being administered after methotrexate also
needs to be further defined.”*® May we simply use methotrexate without
radiation? Or do we use radiation in the face of refractory or recalcitrant dis-
ease? Other therapies, such as biologics” that include immunologic agents
or chemokine receptor antagonists,’”*' may become important first-line or
adjunctive therapies after we have identified the optimal routes of adminis-
tration and dosing schedules. Issues of toxicity associated with therapeutic
20293237 a5 to questions with respect to effective treatment of
recurrent disease. In addition, the precise genetic nature of the PIOL, which
can dictate its sensitivity to a particular therapy, will need to be identified for
each patient. Some PIOLs, by virtue of drug resistance proteins, may be less
susceptible to mainstay treatments. Therefore, other therapeutic strategies
will need to be drawn out. This will constitute a tailored therapy for each
patient so that maximal response may be obtained to prolong patients’ lives.

agents remain,

Animal models of PIOL that have been developed by our laboratory can
help identify important factors involved in the development of PIOL as well
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as elucidate ways that this disease might be treated.>*** We can alter vari-
ous aspects of the animal, such as expression of certain proteins by ocular
tissues, to determine the precise relationship between the intraocular tissues,
the molecules they express, and the PIOL cells with which they interact.

We should look to the future, then, as an opportunity to not only truly
understand PIOL (its unique cytological, histopathological, and immuno-
logical features, its genotypic traits, and its epidemiological features), but
to also truly make a difference in the way we treat patients with this dis-
ease. Diagnosing and caring for PIOL patients requires multiple medical
sub-specialists, including ophthalmologist, pathologist, neurooncologist
and hematooncologist, all working closely together. Perhaps one day when
we are charged with informing a patient that he or she has PIOL, we can
not only say that we know why this disease has occurred in our patient, but
that we also know how to effectively treat it and our patient can look for-
ward to a bright future. Much work needs to be done to make this future
a reality, and it is with this in mind that we continue our relentless pursuit
of making the future brighter.
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Chapter 16

Case Illustrations

Case 1

A 75-year-old woman presented with bilateral cataracts, an afferent
pupillary defect and questionable disc elevation in the left eye that was wor-
risome for an anterior ischemic optic neuropathy. A fluorescein angiogram
was performed and showed mottling (Fig. 16.1). A borderline elevated ery-
throcyte sedimentation rate (ESR) was found, and the patient was treated
with oral corticosteroids. Visual acuity, however, declined. A temporal artery
biopsy was performed and was negative. The patient went on to develop
bilateral vitritis, and after cataract extraction in the left eye, ophthalmo-
scopic exam showed that there was diffuse retinal pigment epithelium (RPE)
depigmentation with an edematous optic nerve. Intraocular lymphoma was
suspected, and a vitreous biopsy was performed. Microscopic examination
of the Giemsa-stained slide showed many large lymphoid cells with large
nuclei having irregular borders and scant cytoplasm (Fig. 16.2). These cells
were highly suspicious for PIOL, but their lack of preservation precluded a
definitive diagnosis by cytology. Assay for IL-10 and IL-6 in the vitreous
fluid was 184 pg/ml and 26 pg/ml, respectively, further confirming suspicion
for PIOL. Microdissection along with PCR revealed monoclonal rearrange-
ment of the IgH gene in the FR3A site (Fig. 16.3). Magnetic resonance imag-
ing (MRI) was subsequently performed, which showed an enhancing mass
in the left basal ganglia. The diagnosis of PIOL was confirmed.

Commentary. This case has the classical presentation of PIOL: a bilat-
eral vitritis of unknown etiology with a supposed chorioretinitis appear-
ing in an older patient. Clinical examination can often be non-specific,
and even if PIOL is suspected (e.g. as shown by the existence of creamy
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Fig. 16.1 Case 1. Fluorescein angiogram showing multiple hypofluorescent areas in the
posterior pole of the left eye. Most of them are small, round lesions with some confluence.

F . ‘
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Fig. 16.2 Case 1. Photomicrograph showing cytology of the vitreous sample. Large, atyp-
ical lymphocytes with basophilic cytoplasm and large nuclei exhibiting open chromatin
are seen (Giemsa, original magnification X 640).

Case Case Case Case Case Neg Ctrl  Pos Ctrl
1 2 3 4 5

Fig. 16.3 Cases 1-5. Polymerase chain reaction (PCR) amplification products demon-
strating monoclonal rearrangement of the immunoglobulin heavy chain (IgH) gene from
the microdissected PIOL cells (lanes 1-5), negative control (lane 6), and positive control
(lane 7).
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yellow sub-RPE subretinal infiltrates) one needs cytopathologic proof that
a malignancy is at play. Often, treatment with corticosteroids is initiated
for a presumed idiopathic uveitis. It is not until the “uveitis” is unrespon-
sive to treatment or (in this patient’s case) visual acuity shows marked
deterioration that a more invasive test, such as a lumbar puncture, diag-
nostic vitrectomy, or a retinochoroidal biopsy, is pursued. It is also rather
common for an MRI to be performed after PIOL has been diagnosed (as
in this case). Currently, if PIOL is suspected it is important to perform an
MRI and a lumbar puncture with CSF cytology to check for CNS lesions
and malignant lymphoma cells." Elevated IL-10 level with a high ratio of
IL-10 to IL-6 in the vitreous and the finding of IgH gene rearrangement in
the vitreal infiltrating cells support the presence of PIOL cells in the vitre-
ous.”” This patient did go on to develop brain lesions, and the fact that she
is over 60 years of age and had involvement of deep brain structures were
poor prognostic factors for PCNSL.*

Case 2

A 67-year-old woman reported blurred vision in the left eye for three
weeks and developed bilateral vitritis and chorioretinitis of unknown eti-
ology (Fig. 16.4).> Upon review of systems, it was revealed that she had
been worked up for seizures two months prior to presentation. During her
work up for the seizures, CSF studies and a computed tomographic (CT)

Fig. 16.4 Case 2. Ophthalmoscopic photographs showing subretinal lesion inferior to the
optic nerve head (left) with progression to a peripapillary 360° infiltrates, edema and
multiple hemorrhages (right).
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A B

Fig. 16.5A & B Case 2. (A) Ophthalmoscopic photograph showing a peripheral, creamy
yellowish subretinal lesion, which was subsequently biopsied. At the superonasal area of
the lesion there is a “leopard spot pattern,” a typical feature of PIOL caused by small foci
of tumor infiltration. (B) Photomicrograph of frozen section from endoretinal biopsy
showing many lymphoid cells in the disorganized retina (hematoxylin and eosin, original
magnification X 100).

scan with contrast of the brain were normal. Clinical examination failed to
identify any cause for the ocular findings, and as the patient’s vision in the
left eye significantly worsened and her retinal lesion was progressing with-
out responding to antiviral therapy (Fig. 16.5A), a vitrectomy with inter-
nal chorioretinal biopsy was performed in addition to a lumbar puncture.
Both the vitrectomy and the CSF specimens failed to reveal any malignant
lymphocytes by cytology. Despite this, the IL-10 level in the vitreous and
CSF samples were elevated, being 5456 pg/ml and 25 pg/ml, respectively.
IL-6 levels in the vitreous and CSF were found to be 193 pg/ml and unde-
tectable, respectively. Thus, for the vitreous sample, the IL-10 to IL-6 ratio
was greater than 1.0, suggesting that PIOL could potentially be the culprit
involved in this patient’s declining visual status. Interestingly, the retinal
biopsy showed infiltrating lymphoid cells, although definite malignant cells
could not be identified (Fig. 16.5B). However, immunohistochemistry
revealed that the overwhelming majority of infiltrating lymphocytes were
of B-cell origin (positive for CD19, CD20, and CD22) and that they were
monoclonal, staining positive for kappa (x), but not lambda (A) light
chains (Fig. 16.6). Monoclonality of the B-cell proliferation was further
confirmed by the polymerase chain reaction (PCR) showing the same IgH
gene rearrangement (Fig. 16.3). In light of these findings, a diagnosis of
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Fig. 16.6 Case 2. Photomicrographs of frozen sections from endoretinal biopsy showing
positive kappa (k) light chain (left) and negative lambda (A) light chain (right) (avidin-
biotin complex immunoperoxidase, original magnification X 100).

PIOL was attained, and an MRI with gadolinium was performed to check
for cerebral involvement. Indeed, a 1 X 1 cm contrast-enhancing mass was
discovered in the right frontal lobe. A biopsy of this mass was performed
via craniotomy and this confirmed the diagnosis of PCNSL. The patient
received radiation, but the left eye developed a retinal detachment. The
right eye responded to the radiation therapy, and the visual acuity improved
in this eye from hand motion to 20/40 over six weeks. The patient refused
systemic chemotherapy, and she died six months later.

Commentary. This case has a presentation like that of a viral retinitis.
Therefore, while PIOL can often present as an idiopathic uveitis, findings
in the retina produce their own diagnostic challenges. Others have simi-
larly noted that retinal involvement in PIOL can produce a clinical picture
comparable to that of a viral retinitis.®® In such instances treatment with
anti-viral medication has occurred prior to making the diagnosis of PIOL,
much like PIOL mistaken for uveitis is frequently treated first with corti-
costeroids. The non-diagnostic CSF and vitreous examinations are not
unusual in PIOL, and the elevated vitreal IL-10 level with the IL-10 to IL-6
ratio greater than 1 shows how this adjunctive test can be important in
prodding us to be persistent in seeking out PIOL in the absence of malig-
nant cells in biopsied tissues. The retinochoroidal biopsy revealed definite
monoclonal B-cell infiltration in the retina, and PCR analysis further con-
firmed this with IgH gene rearrangment. It is important, then, that when
tissue biopsy is considered there be an experienced pathologist or ocular
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pathologist involved from the very beginning, before any tissues are biop-
sied. The rate limiting step is not the surgeon’s ability to obtain biopsy
tissues, but rather the presence of a pathologist who will perform the
histopathologic and molecular examinations that are necessary to estab-
lish a diagnosis.” The eventuation of PIOL to cerebral disease is an unfor-
tunate reality; approximately 80% of cases presenting initially in the eyes
progress to involve the brain as well.*'®"" This case also shows how our
treatment of PIOL has progressed. This patient was treated with radiation
therapy first and later offered systemic chemotherapy. While PIOL and
PCNSL are very radiosensitive, severe adverse effects are common. Recently,
high-dose systemic methotrexate was identified as the single most impor-
tant therapeutic agent in treating PIOL and PCNSL and can be followed,
depending on the case, by whole brain radiation therapy if the patient is
under 60 years of age. Those over the age of 60 years can suffer significant
delayed neurotoxicity if radiation therapy is included after methotrexate
administration.”” Complete response in the eye should be assessed by
repeat evaluation."”” While the absence of subretinal infiltrates and vitreous
cells is a requirement for noting a complete response, some of the chronic
changes that occur to the RPE may not resolve in the setting of a complete
response.” If recurrence develops after an initial response with methotrex-
ate, we might consider administering higher doses of systemic methotrex-
ate or intravitreal methotrexate injections, again depending on the case.

Case 3

A 46-year-old woman from Brazil noted floaters in her left eye for two
months. She was diagnosed with ocular toxoplasmosis (Fig. 16.7) and
started on oral corticosteroids and pyrimethamine. Work up revealed that
she had a positive toxoplasmosis titer, but she was VDRL- and HIV-negative.
Undergoing treatment for toxoplasmosis, the patient showed no improve-
ment from her medication regimen. Therefore, this was discontinued after
four weeks. She was then treated for presumed acute retinal necrosis (ARN)
with intravenous acyclovir for two weeks followed by oral acyclovir for one
week. Despite the antiviral treatment the patient continued to show no
improvement. She was put back on toxoplasmosis therapy, including sulfa,
pyrimethamine, and corticosteroids, but no improvement was noted. A
month later (five months after symptom onset) the patient’s chorioretinitis
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Fig. 16.7 Case 3. Ophthalmoscopic photograph showing huge retinal and subretinal
creamy whitish infiltrate in the peripheral retina.

Fig. 16.8 Case 3. Magnetic resonance image (MRI) of the brain showing a lacunar infarct
in the cerebellum.

in the left eye progressed, and lesions now appeared in the right eye. An MRI
of the brain showed a lacunar infarct (Fig. 16.8), and lumbar puncture with
CSF cytopathology revealed no atypical cells. Approximately one month
later, the patient developed a retinal detachment in the left eye, and a vitrec-
tomy with silicone oil tamponade was performed. Cytopathology of the vit-
rectomy specimen failed to show lymphoma cells. The patient was started
on intravenous foscarnet, but no improvement was noted. She was then
referred to the National Eye Institute (NEI) in the USA where a review of
systems revealed a right arm weakness and swaying to the left when she initi-
ated walking. Serological laboratory studies were obtained and were negative
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for RPR, ANA, c-ANCA, p-ANCA, HIV, lyme titer, and hepatitis. The
patient did have a positive toxoplasmosis IgG titer. A fluorescein angiogram
was obtained that showed areas of hyperfluorescence at the level of the RPE.
A lumbar puncture was performed, and CSF cytology revealed cells suspi-
cious for lymphoma. An infectious disease consult agreed with having the
patient on therapy for toxoplasmosis (pyrimethamine and corticosteroids)
and acute retinal necrosis (acyclovir). A neurology consultation resulted in
a diagnosis of Parkinson’s disease. Visual acuity in the right eye was stable,
and the left eye was now non-light perception. The chorioretinitis showed
progression in the right eye upon ophthalmoscopic examination. To better
determine the nature of the patient’s ocular processes, whether malignant or
infectious, a diagnostic enucleation of the blind left eye was performed. The
pathology of the eye disclosed sheets of vitreous condensation, fibrin
strands and debris underlying the peripheral retina, pars plana, and pars pli-
cata. Retinal detachment was noted in several places, including the macula,
and white-yellowish infiltrates arose between the RPE and neuroretina in
several areas, particularly the posterior pole. In the periphery, there were foci
of chorioretinal scars with pigmentary demarcation and deposits. The optic
disc was flat. Microscopically, the retina was completely detached, except for
a few foci in the periphery that had chorioretinal adhesions and scarring.
There was also serosanguinous material containing clumps of atypical lym-
phoid cells and inflammatory cells in the subretinal space. In some areas,
fibrovascular inflammatory membrane was formed. Except for the tem-
poral anterior region, the RPE was detached by tightly packed tumor cells
characterized by large hyperchromatic and pleomorphic nuclei, and promi-
nent nucleoli (Fig. 16.9). Mitoses were also noted. The RPE cells showed var-
ious degrees of atrophy and alternation, and they were infiltrated by tumor
cells. In some areas, the tumor cells infiltrated the neuroretina. Bruch’s
membrane was intact in most places, except at the nasal periphery where
there was a small necrotic focus. Some of the ganglion cells were enlarged
and had swollen cytoplasm. Moderate-to-intense inflammation was present
throughout the choroid. The optic nerve, however, was free of tumor infil-
tration. Immunohistochemistry was performed, and it revealed that the
lymphomatous B-cells were monoclonal «, rather than A, light chain posi-
tive (Fig. 16.10). Microdissection of the infiltrating B-cells showed that they
were monoclonal, having the same IgH gene rearrangement as found by
PCR (Fig. 16.3).
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Fig. 16.9 Case 3. Photomicrograph showing PIOL cells located in the subretina between
the destroyed retinal pigment epithelium (RPE) and fragmented Bruch’s membrane
(hematoxylin and eosin, original magnification X 50).
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Fig. 16.10 Case 3. Photomicrographs showing PIOL cells staining positive for K light
chain (leff) and negative for A light chain (right) (avidin-biotin complex immunoperoxi-
dase, original magnification X 200).

Commentary. This patient was younger than we typically would expect
for PIOL. However, it is important to consider PIOL even in younger
patients.>* Note the typical pathology of PIOL, in which there is subretinal
infiltration between Bruch’s membrane and the RPE (Fig. 16.9).
Lymphomatous infiltration can make its way into the retina as well, as evi-
denced by this case. Frequently a reactive inflammatory infiltrate is found in
the choroid, and these lymphocytes are typically smaller than the PIOL cells.
The overwhelming majority of PIOLs are of B-cell origin and that is demon-
strated here by immunohistochemistry. It is important to realize that CSF and
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vitrectomy cytology may not always provide a definitive diagnosis, even if we
repeat these tests. Despite this fact, it is important not to become dismayed
with initially negative biopsies. Often, a repeat diagnostic vitrectomy is neces-
sary to make the diagnosis of PIOL." However, if vitrectomies prove non-
diagnostic and there remains a strong suspicion for PIOL, we may turn to a
retinochoroidal biopsy. This is done when there are obvious lesions that can
be submitted to sampling and when these lesions fail to respond to therapy
and are threatening to advance upon the macula. Alternatively, enucleation
may be performed, especially when there is no possibility (as in this case) of
restoring vision due to extensive disease progression, and the patient’s course
can be improved (through treatment) by making a definitive diagnosis. This
case also illustrates that while PIOL can frequently be a deadly disease, con-
finement to the eye without cerebral involvement may prove to be a relatively
advantageous situation compared to oculocerebral or solely cerebral disease.

Case 4

A 51-year-old man complained of floaters and decreased vision initially
appearing in the right eye and, later, in the left eye."” An intermediate uveitis
was diagnosed, and was treated with bilateral vitrectomy and scleral buckling
over a period of two years. Five years later, the right eye developed episodic
increases in intraocular pressure that seemed to correlate with the degree of
intraocular inflammation. Importantly, this inflammation would often
respond to topical corticosteroids. Eventually the patient developed bilateral
multiple white subretinal lesions. An MRI of the brain revealed that there
were contrast-enhancing lesions in the left caudate nucleus, and PCNSL with
intraocular involvement was suspected. The iris in the right eye had diffuse
infiltrative nodules (Fig. 16.11). Ophthalmoscopy revealed a bilateral vitritis,
diffuse RPE changes, and macular thickening by dilated ophthalmoscopic
examination. A diagnostic vitrectomy showed a B-cell PIOL, and iris biopsy
revealed that the stroma was likewise infiltrated with B-cell lymphoma.
Microdissection and PCR of the PIOL cells in the iris and vitreous, revealed
monoclonal rearrangement of the IgH gene (Fig. 16.3). The patient was sub-
mitted to both systemic and intrathecal chemotherapy and radiation treat-
ment and showed improvement (Fig. 16.12). Over six years, this patient also
had intravitreal injections of methotrexate, allowing for the vitreous to be
sampled prior to drug injection for cytokine analysis. When IL-10 levels were
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Fig. 16.11 Case 4. Slit lamp photograph showing diffuse infiltrative nodules in the iris.

Fig. 16.12 Case 4. Ophthalmoscopic photograph showing small, atrophic chorioretinal
scars with some pigmentation representing old PIOL lesions.

high (see Table 16.1), we would treat with intravitreal methotrexate, and the
patient would respond. Unfortunately, the patient eventually developed a
new cerebral parenchymal lesion after six years and died.

Commentary. This case is an almost classical presentation of PIOL in
an immunocompetent patient, but with a twist. While the patient was in
his 50s, complaining of decreased vision and floaters, iris stromal involve-
ment eventually occurred, which is extremely rare.”” This patient had
extensive follow up with us at the NEI, and we were able to obtain vitreous
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Table 16.1 Vitreous IL-10 and IL-6 Levels in Case 4

Date IL-10 (pg/ml) IL-6 (pg/ml) IL-10/IL-6
12/03/1998 1451 28 51.8
06/09/1999 144 <15.6 >1.0
06/18/1999 1054 124 8.5
07/19/1999 570 <78 >1.0
07/21/1999 1495 596 2.5
07/23/1999 440 566 0.078
07/26/1999 182 290 0.63
08/26/1999 267 130 2.05
09/29/1999 220 38 5.79
11/09/1999 2266 226 10.03
01/10/2000 57 <15.6 >1.0
03/08/2000 14,412 72 200.17
07/25/2000 <23.4 <15.6 ND!
10/04/2000 370 <15.6 >1.0
11/01/2000 350 <15.6 >1.0
11/28/2000 273 <15.6 >1.0
03/22/2002 <31.2 <15.6 ND!
04/09/2002 323 <15.6 >1.0
11/08/2002 >3000 48 >1.0
02/05/2003 >3000 84 >1.0
04/21/2003 12,018 <15.6 >1.0
06/27/2003 19 <62.5 ND!
06/09/2004 816.5 186 4.39

ND = not determinable.

or aqueous for assay of IL-10 and IL-6 levels during his visits for intravit-
real methotrexate administration. As Table 16.1 shows, we were able to fol-
low this patient’s cytokine levels and treated it accordingly over six years.
High IL-10 levels, suggesting active disease, prompted intravitreal injec-
tion of methotrexate with a subsequent response in the injected eye. Thus,
following IL-10 levels can give us an indication as to the adequacy of our
treatment regimen. For example, high IL-10 levels that fall in response to
methotrexate treatment and stay low (or IL-10/IL-6 ratios less than 1.0)
inform us that our treatment regimen is producing some benefit. On the
other hand, IL-10 levels that only minimally respond to methotrexate or
are refractory to treatment may indicate that the mode of treatment, the
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amount of drug, or the dosing schedule may not be adequate. Furthermore,
while a patient may clinically respond to treatment, high IL-10 levels or IL-
10/1L-6 ratios greater than 1.0 may indicate that disease is still present.'""

Case 5

A 29-year-old man with AIDS seen during the pre-highly active anti-
retroviral therapy (HAART) era presented with cytomegalovirus (CMV)
retinitis (Fig. 16.13) and choroiditis reminiscent of a mycobacterial infection.’
Later, a subretinal lesion nasal to the fovea was seen in both eyes (Fig. 16.14).
Six months later, the patient died from multiple systemic opportunistic
infections. A malignancy had not been an issue prior to this patient’s death.

Fig. 16.13 Case 5. Ophthalmoscopic photograph showing classical cytomegalovirus
(CMV) retinitis with feathered retinal lesion.

Fig. 16.14 Case 5. Ophthalmoscopic photograph showing a round subretinal lesion con-
fined to the perimacular area.
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After the patient died, both eyes were submitted for pathologic autopsy
inspection. Findings included old CMV retinitis, chorioretinal scarring, reti-
nal detachments, and an isolated subretinal lesion (Fig. 16.15). In the
choroid, Mycobacterium avium was found. A cluster of lymphoplasmacytic
lymphoproliferation was revealed beneath the retinal detachment (Fig. 16.16).
Microdissection of these subretinal clusters of B-cells disclosed IgH gene
rearrangement and confirmed a diagnosis of PIOL (Fig. 16.3).

Commentary. This case illustrates the difficulties that exist in identi-
fying PIOL in AIDS patients. The presentation of PIOL in the setting of
AIDS can be very different from the classical presentation we see in
immunocompetent patients (see Case 1). AIDS patients are younger than

Fig. 16.15 Case 5. Macroscopic photograph of the left eye (see above clinical picture,
Fig. 16.14) showing a whitish round lesion under the detached gliotic retina.

Fig. 16.16 Case 5. Photomicrograph of the above round lesion (see Fig. 16.15) composed
of a cluster of small, atypical lymphoid cells in the subretina (hematoxylin and eosin,
original magnification X 100).
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immunocompetent patients who develop PIOL. In addition, AIDS
patients, as this case reveals, often have multiple opportunistic infections
that have their own unique presentations in the eye and can mask the pres-
ence of concurrent conditions, such as malignant ocular processes.
Unfortunately, this patient succumbed to systemic complications arising
from multiple opportunistic infections before a malignant ocular disease
could be identified. If PIOL had been discovered in this patient prior to
death, what treatment might have been initiated? This is not an easy ques-
tion to answer. Certainly, an idea is developing of how to treat PIOL in
immunocompetent patients (see Chapter 10). In AIDS patients, however,
it seems that the most important issue regarding treatment is the immun-
odeficiency itself. The CD4 count must be addressed and typically involves
the use of HAART. This patient, however, was being treated before the
availability of HAART. Improving the CD4 population in terms of num-
ber improves the quality of the immune system and is perhaps the most
important factor impacting the development of malignancies in AIDS
patients.

Case 6

A 78-year-old pseudophakic man complained of a four-month history
of blurry vision in the left eye. His past medical history was ominous, with
cutaneous T-cell lymphoma of the leg (three years prior to presentation)
and lung cancer being especially prominent. The patient had been treated
with radiation for the cutaneous T-cell lymphoma (CTCL) and was status
post lobectomy for the lung cancer (the patient had a history of smoking).
Visual acuity was measured as 20/25 in the right eye and light perception
in the left. Dilated ophthalmoscopy showed that there were trace cells and
RPE atrophy superonasal to the fovea in the right eye and 2+ cell 3+ haze
with no obvious retinal lesions in the left eye; the view of the fundus in the
left, however, was hazy (Fig. 16.17). A fluorescein angiogram was obtained
and showed no changes at the level of the RPE. Because of the patient’s
past history of CTCL and his current ocular presentation with bilateral vitri-
tis, PIOL was suggested. An MRI was obtained and showed no lesions in the
brain. A lumbar puncture was performed, and CSF cytology showed that there
was a lymphocytosis, but rarely malignant cells were identified (Fig. 16.18).
A vitrectomy was then performed and revealed atypical intermediate to
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Fig. 16.17 Case 6. Ophthalmoscopic photograph showing hazy vitreous, which made it
difficult to visualize the retina.

Fig. 16.18 Case 6. Photomicrograph of cerebrospinal fluid (CSF) showing atypical lym-
phoid cells (Giemsa, original magnification X 640).

large lymphoid cells having large and round or irregular nuclei with promi-
nent nucleoli and scant, basophilic cytoplasm (Fig. 16.19). Immunohisto-
chemistry was performed on these cells and revealed that the overwhelming
majority of cells were of T-cell lineage (positive for CD3 with CD4 > CD8)
and negative for the B-cell marker CD20. Further adjunctive testing using
flow cytometry found that 65% of the T-cells were negative for CD2 and CD5,
but positive for CD3 and CD7. Molecular pathology found that there was
monoclonal rearrangement of the TCR-ygene (Fig. 16.20), but no rearrange-
ments of the IgH gene using FR3A, FR2A, or CDR3 primers. A diagnosis
of T-cell lymphoma was made. The patient’s previous skin biopsy of CTCL
revealed that the infiltrating malignant T-cells were CD3- and CD4-positive
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Fig. 16.19 Case 6. Photomicrograph of vitreous showing atypical lymphoid cells with
variable size and polymorphic nuclei (Giemsa, original magnification X 640).

Fig. 16.20 Case 6. PCR amplification products demonstrating monoclonal rearrange-
ment of the T-cell receptor gamma (TCR-¥) gene from the microdissected PIOL cells (lane 1,
skin; lane 2, vitreous), negative control (lane 3), and positive control (lane 4).

and CD8-, CD30-, and CD20-negative. Interestingly, microdissection and
molecular analysis on this skin biopsy showed the same band in the TCR-y
gene rearrangement as in the PIOL cells. The patient’s visual acuity at this
time was 20/80 in the right and 20/320 in the left eye. Treatment for this
patient included oncology consultation, oral corticosteroids, sub-Tenon’s
kenalog injection, and a series of three intravitreal methotrexate injections
in the right eye and one injection in the left eye. After treatment, the
patient’s visual acuity improved in the right to 20/20 and was measured as
20/250 in the left eye. Unfortunately, lesions in the brain developed and
the patient rapidly succumbed to his disease.

Commentary. Many of the features of this case are classical of PIOL,
although this case is most likely a metastatic CTCL lymphoma into the eye.
The patient was older (in his 70s) and presented with a bilateral vitritis.
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What is unusual about this case is the T-cell lineage of the PIOL cells.
T-cell PIOL is extremely rare and is more often associated with CTCL (e.g.,
mycosis fungoides) or T-cell acute lymphoblastic leukemia.*® This patient
had a history of treated CTCL of the leg, and it had not recurred during
his ocular disease. While B-cell PIOL is typically characterized by large
lymphoid cells, the lymphoid cells found in T-cell PIOL can range from
small-to-intermediate-to-large in size (Fig. 16.19). This patient’s T-cell
PIOL had a very unusual immunophenotype. Many features of this case
presented dilemmas to treatment. The patient was over the age of 60 years,
which is a poor prognostic factor in PCNSL. In addition, the patient had a
rare T-cell PIOL where treatment is even less well characterized than for
B-cell PIOL. T-cell PIOL and PCNSL seem to be very aggressive as evi-
denced by this patient’s quick demise.
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