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 Ocular and adnexal lymphomas are rare and diverse, hence their diagnosis 
and treatment usually requires special expertise. Increasingly, the care of 
such a patient is provided by a multidisciplinary team comprising of ocular 
oncologists, general oncologists, pathologists, radiation oncologists, and 
other specialists. The fi eld of lymphoma is advancing rapidly because of 
accelerating progress in tumor biology, pharmacology, and the advent of tar-
geted therapies. For all these reasons, we felt that there was scope for a mono-
graph offering a comprehensive source of authoritative information on the 
subject of ocular and adnexal lymphoma. 

 This monograph, a conjoint effort of ocular oncologists, general oncolo-
gists, and pathologists, comprises of ten chapters covering classifi cation, his-
tology, molecular pathology, and epidemiology followed by clinical features 
and biopsy techniques. The description of staging procedures and treatment 
methods for primary vitreoretinal lymphoma and adnexal lymphoma are also 
included. We have also included chapters on rare variants such as T cell lym-
phoma and reactive lymphoid hyperplasia of the ocular adnexa. 

 It is our sincere hope that readers will fi nd as much pleasure reading this 
textbook as we had writing and editing it. 

  
 Cleveland, OH, USA Arun D. Singh  

  Pref ace   
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1.1            Historical Background 

 Classifi cation systems in pathology ideally 
should contain diseases that are clearly defi ned, 
clinically distinctive and nonoverlapping, and 
comprise all known entities. Classifi cation sys-
tems, however, are continually evolving, as we 
better understand the histogenesis of tumors with 
improving technologies. While there has been 
generally long-term agreement with the classifi -
cation of most nonlymphoid malignancies, the 
history of lymphoma classifi cations has been 
rather tumultuous with resolution and consensus 
having only been achieved in the two last decades. 

 The fi rst clinical description of what we now 
recognize as lymphoma is generally attributed to 
Thomas Hodgkin in 1832 (Hodgkin  1832 ). The 
fi rst use of the term “lymphosarcoma” is attrib-
uted to Rudolf Virchow in 1863 (see review by 
Trumper et al ( 2004 )). In 1898 and 1902, Carl 
Sternberg and Dorothy Reed independently 
described the characteristic binucleate and mul-
tinucleate giant cells that came to be called the 
Reed-Sternberg or Sternberg-Reed cell of HL 
(Dawson  1999 ). Interestingly there was disagree-
ment between the two as to whether these cells 
were reactive or neoplastic. The term “reticulum 
cell sarcoma” is attributed to Ewing, Oberling, 

and Roulet, who each described tumors of large 
cells, which were thought to be related to the 
supporting fi brous reticulum of lymphoid tis-
sues (Trumper et al.  2004 ). In 1925, Brill and 
colleagues described patients with enlarged 
lymph nodes and spleen, characterized by a 
proliferation of lymphoid follicles (Brill et al. 
 1925 ); further cases were reported by Symmers, 
who also described progression of this disease 
entity, follicular lymphoma (FL), to a large-cell 
neoplasm (Symmers  1927 ,  1938 ). In 1941, Drs. 
Edward Gall and Tracy Mallory, pathologists 
at Massachusetts General Hospital, proposed a 
morphological classifi cation, based on review 
of their own collection of 618 patients for whom 
they had clinical data available (Gall and Mallory 
 1942 ). They recognized FL as being a distinct 
entity and essentially subdivided the lympho-
mas into follicular and non-follicular subtypes. 
This was the fi rst widely used “classifi cation” 
of lymphomas in the USA; this classifi cation 
included Hodgkin’s disease as a separate type of 
lymphoma, but further subdivisions of Hodgkin’s 
disease were subsequently proposed by Jackson 
and Parker ( 1944 ). 

 The fi rst lymphoma classifi cation of the “mod-
ern era” was that proposed by Henry Rappaport, 
originally published in 1956 (Rappaport et al. 
 1956 ) and later revised (Rappaport  1966 ; 
Sheehan and Rappaport  1970 ): despite initial 
success, it was a morphological classifi cation 
with few categories and based on incorrect his-
togenetic concepts, i.e., some of the neoplasms 
affecting the lymph node were considered to be 

        S.  E.   Coupland     
  Department of Molecular and Clinical Cancer 
Medicine ,  University of Liverpool ,   6th Floor Duncan 
Building, Daulby Street ,  Liverpool   L69 3GA ,  UK   
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derived from histiocytes (histiocytic lymphoma) 
and some from a mixture of lymphocytes and 
histiocytes (mixed lymphohistiocytic lymphoma) 
(Table  1.1 ). The early 1970s saw the emergence 
and publication of two functional lymphoma 
classifi cations of merit, which tried to address the 
limitations of the Rappaport classifi cation. These 
attempted to relate malignant lymphomas to the 
cells of the normal immune system: the Lukes- 
Collins classifi cation from the USA (Table  1.2 ) 
(Lukes and Collins  1974 ,  1975 ) and the Kiel clas-
sifi cation proposed by the European Lymphoma 
Club led by Professor Karl Lennert (Table  1.3 ) 
(Lennert  1975 ). In the Lukes-Collins classifi ca-
tion, there was for the fi rst time the distinction of 
B- and T-cell-derived lymphomas. The Kiel clas-
sifi cation was based on a clinically well-defi ned 

cohort of lymphoma samples from Kiel, which 
had been examined with developing techniques 
of the time, including electron microscopy and 
immunology. It was the fi rst classifi cation system 
that tried to link the neoplastic entity with the 
normal counterpart and that attempted to provide 
a grade of malignancy by assessing the number 
of blasts and mitotic frequency. While the Lukes-
Collins classifi cation encountered considerable 
resistance in the USA (mainly from those sup-
portive of the Rappaport system), the Kiel clas-
sifi cation became quite popular in Europe and 
was adopted by many leading institutions as well 
as cooperative groups, including the German 
Lymphoma Program, which rapidly enrolled 
numerous cases. The lymphoma classifi cations 
at this time, therefore, were discordant and com-
peting, resulting in an “Atlantic divide” with 
respect to clinical and scientifi c collaborations. 
This prompted a couple of comments brimming 
with sarcasm to be published on both sides of the 
Atlantic Ocean (Kay  1974 ; Higby  1979 ). Despite 
this, the Kiel lymphoma classifi cation underwent 
further revisions, incorporating further develop-
ments, particularly in immunohistochemistry 
(Table  1.3 ) (Lennert et al.  1975 ; Stansfeld et al. 
 1988 ; Lennert and Feller  1992 ).

     With this discord abounding, the WHO 
attempted a revised lymphoma classifi cation, 
which did not receive much approval (Chelloul 
et al.  1976 ; Jaffe et al.  1998 ), and following 
this, the International Working Formulation was 
also thrown “into the foray” for good measure 
(Table  1.4 ) (Institute  1982 ). The latter was pub-
lished in 1982 by the National Cancer Institute, 
following the examination of about 1,000 lym-
phoma cases by the principle authors of the main 
lymphoma classifi cations used at that time, when 
they were asked to examine and reclassify the 
cases based on their own and others’ criteria. 
There were fundamental problems associated 
with this study, namely, the use of hematoxylin- 
and eosin-stained slides only, with very limited 
immunohistochemical stains and with lacking 
clinical information. The “Working Formation 
for Clinical Usage” (Table  1.4 ) was rejected by 
many pathologists, including Lukes and Lennert, 
but was popular among treating physicians.

   Table 1.1    Rappaport’s classifi cation   

 Nodular  Diffuse 

 Lymphocytic, well 
differentiated 

 Lymphocytic, well 
differentiated 

 Lymphocytic, poorly 
differentiated 

 Lymphocytic, poorly 
differentiated 

 Mixed, lymphocytic,
and histiocytic 

 Mixed, lymphocytic,
and histiocytic 

 Histiocytic  Histiocytic 
 Undifferentiated Burkitt’s 
 Non-Burkitt’s 

   Table 1.2    Lukes and Collins classifi cation   

 Undefi ned cell 

 T cell  B cell 

 Small lymphocyte  Small lymphocyte 
 Convoluted lymphocyte  Plasmacytoid 

lymphocyte 
 Cerebriform cells of Sézary’s 
and mycosis fungoides 

 Follicular center
cell (FCC) 

 Lymphoepithelioid cell  Small cleaved 
 Immunoblastic sarcoma  Large cleaved 

 Small noncleaved 
 Large noncleaved 
 FCC subtypes: 
follicular, diffuse 
follicular, and diffuse 
 Immunoblastic sarcoma 

 Histiocytic 
 Cell of uncertain 
classifi cation 
 Unclassifi able 

S.E. Coupland
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   In 1991, 18 hematopathologists from Europe 
and the USA met in London at the Royal College 
of Pathologists and established the ILSG. 
The aim of this group was to compare criteria 
used to establish diagnoses in routine cases. It 
became apparent that there were no major con-
ceptual differences across the Atlantic Ocean 
and, however, that there were differences in 
the descriptive language used and the diagno-
ses issued. Subsequent meetings in Berlin and 
Boston resulted in the ILSG publishing the 
REAL classifi cation in 1994 in  Blood  (Table  1.5 ) 

(Harris et al.  1994 ). The REAL classifi cation 
represented a paradigm in the classifi cation of 
lymphoid neoplasms, focusing on the identifi ca-
tion of distinct (“real”) disease entities, instead 
of classifying lymphomas according to their 
growth pattern, the cell type, or the morphology 
of tumor cells, as had been used in the Working 
Formulation and the Kiel and Lukes-Collins 
classifi cation systems. It was the fi rst worldwide 
consensus classifi cation for hematological malig-
nancies. The REAL classifi cation was received 
by a mixed response and required a validation 

    Table 1.3    Original 
Kiel classifi cation   

  Original Kiel classifi cation  
  Low-grade malignant lymphomas    High-grade malignant lymphomas  
 Lymphocytic  Centroblastic 
    B-CLL  Lymphoblastic 
 T-CLL  Burkitt’s type 
 Hairy cell leukemia  Convoluted-cell type 
 Mycosis fungoides and Sézary’s syndrome  Unclassifi ed 
 Lymphoplasmacytic/-cytoid (immunocytoma)  Immunoblastic 
 Plasmacytic 
 Centrocytic 
 Centroblastic-centrocytic 
 Follicular +/− diffuse 
 Diffuse 
 +/− Sclerosis 
  Updated Kiel classifi cation  
  B cell    T cell  
  Low-grade malignant lymphomas    Low-grade malignant lymphomas  
 Lymphocytic  Lymphocytic 
 Chronic lymphocytic leukemia  Chronic lymphocytic leukemia 
 Prolymphocytic leukemia  Prolymphocytic leukemia 
 Hairy cell leukemia 
 Lymphoplasmacytic/-cytoid (immunocytoma) 
 Plasmacytic  Small cell, cerebriform 
 Centrocytic  Mycosis fungoides, Sézary’s syndrome 
 Centroblastic-centrocytic  Lymphoepithelioid (Lennert’s Ly) 
 Follicular +/− diffuse  Angioimmunoblastic (AILD, LgX) 
 Diffuse  T-zone lymphoma 
 Centrocytic (mantle cell)  Pleomorphic, small cell (HTLV-1 +/− ) 
 Monocytoid, including marginal zone cell 
 High-grade malignant lymphomas  High-grade malignant lymphomas 
 Centroblastic  Pleomorphic med and large (HTLV +/− ) 
 Immunoblastic  Immunoblastic (HTLV-1 +/− ) 
 Burkitt’s lymphoma  Large-cell anaplastic (Ki-1 + ) 
 Large-cell anaplastic (Ki-1 + ) 
 Lymphoblastic  Lymphoblastic 
 Rare types  Rare types 

1 Lymphoid Neoplasms: Classifi cation Systems
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exercise comparing the REAL with the Working 
Formulation and the Kiel classifi cation (Project 
TN-HsLC  1997 ). The study encompassed about 
3 years, and the results demonstrated the superi-
ority of the REAL classifi cation in comparison 
with the other 2 approaches (Project TN-HsLC 
 1997 ). It was shortly followed by preparations 
for the modern WHO classifi cation, which was 
published in 2001 (third edition) (Table  1.6 ) 
and then later revised in 2008 (fourth edition) 
(Table  1.7 ). The task for developing the WHO 
classifi cations was undertaken as a cooperative 
project by the Society for Hematopathology and 
the European Association of Hematopathology, 
with a goal to maintain consensus and avoid the 
political divisions of the past. A steering com-
mittee was appointed by the two societies, which 
in turn established 10 individual committees to 
deal with different disease groups within hema-
topoietic and lymphoid malignancies. The fourth 

    Table 1.4    The Working Formulation for clinical usage   

  Low grade  
 A.  Small lymphocytic (consisted with CLL, 

plasmacytoid) 
 B.  Follicular (predominantly small cleaved cell, diffuse 

areas, sclerosis) 
 C.  Follicular (small cleaved and large cell, diffuse 

areas, sclerosis) 
  Intermediate grade  
 D. Follicular (predominantly large cells) 
 E. Diffuse (small cleaved cell, diffuse areas, sclerosis) 
 F.  Diffuse (mixed, small and large cell, sclerosis, 

epithelioid component) 
 G. Diffuse (large cell, cleaved and noncleaved) 
  High grade  
 H.  Large cell (immunoblastic: plasmacytoid, clear cell, 

polymorphous, epithelioid component) 
 I. Lymphoblastic (convoluted, nonconvoluted) 
 J. Small noncleaved cell (Burkitt’s, follicular areas) 

    Table 1.5    The REAL classifi cation   

  B-cell neoplasms  
 I.   Precursor  B-cell neoplasm: precursor 

B-lymphoblastic leukemia/lymphoma 
 II.  Peripheral  B-cell lymphoma 
 1.  B-cell chronic lymphocytic leukemia/

prolymphocytic leukemia/small lymphocytic 
lymphoma 

  2. Lymphoplasmacytoid lymphoma/immunocytoma 
  3. Mantle cell lymphoma 
  4. Follicle center lymphoma, follicular 

 Provisional cytologic grades: I (small cells), II 
(mixed small and large cells), III (large cell) 
 Provisional subtype: diffuse, predominantly small 
cell type 

  5. Marginal zone B-cell lymphoma 
 Extranodal (MALT type +/− monocytoid B cell) 
 Provisional subtype: nodal (+/− monocytoid B cell) 

  6.  Provisional entity: splenic marginal zone lymphoma 
(+/− villous lymphocytes) 

  7. Hairy cell leukemia 
  8. Plasmacytoma/plasma cell myeloma 
  9. Diffuse large B-cell lymphoma a  

 Subtype: primary mediastinal (thymic) large B-cell 
lymphoma 

 10. Burkitt’s lymphoma 
 11.  Provisional entity: high-grade B-cell lymphoma, 

Burkitt’s like a  
  T-cell and putative NK-cell neoplasms  
 I.   Precursor  B-cell neoplasm: precursor 

T-lymphoblastic leukemia/lymphoma 
 II.   Peripheral  T-cell lymphoma and NK-cell neoplasms 
  1.  T-cell chronic lymphocytic leukemia/

prolymphocytic leukemia 
  2.  Large granular lymphocytic leukemia: T-cell type 

and NK-cell type 
  3. Mycosis fungoides/Sézary’s syndrome 
  4. Peripheral T-cell lymphoma, unspecifi ed a  

 Provisional categories: medium-sized cells, mixed 
medium and large cells, large, lymphoepithelioid cells 
 Provisional subtypes: hepatosplenic γδ T-cell 
lymphoma 
 Provisional subtypes: subcutaneous panniculitic 
T-cell lymphoma 

  5. Angioimmunoblastic T-cell lymphoma (AILD) 
  6. Angiocentric lymphoma 
  7.  Intestinal T-cell lymphoma (+/− enteropathy 

associated) 
  8. Adult T-cell lymphoma/leukemia 
  9.  Anaplastic T-cell lymphoma (ALCL), CD30 + , 

T- and null cell types 
 10.  Provisional entity: anaplastic T-cell lymphoma 

Hodgkin’s like 
  Hodgkin’s disease  
 I. Lymphocyte predominant 
 II. Nodular sclerosis 
 III. Mixed cellularity 
 IV. Lymphocyte depletion 
 V. Provisional entity: lymphocyte-rich classical HD 

   a These categories are likely to include more than one 
 disease entity  

Table 1.5 (continued)

S.E. Coupland
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   Table 1.6    WHO classifi cation 2001   

  B-cell neoplasms  
 Precursor B-cell neoplasms 
 Precursor B-lymphoblastic leukemia/lymphoma 
 Mature B-cell neoplasms 
 Chronic lymphocytic leukemia/small lymphocytic 
lymphoma 
 B-prolymphocytic leukemia 
 Lymphoplasmacytic lymphoma/Waldeström 
macroglobulinemia 
 Splenic marginal zone lymphoma 
 Hairy cell leukemia 
 Plasma cell myeloma 

 Solitary plasmacytoma of bone 
 Extraosseous plasmacytoma 
 Extranodal marginal zone B-cell lymphoma of 
mucosa-associated lymphoid tissue (MALT lymphoma) 
 Nodal marginal zone lymphoma 
 Follicular lymphoma 
 Mantle cell lymphoma 
 Diffuse large B-cell lymphoma 
 Mediastinal (thymic) large B-cell lymphoma 
 Intravascular large B-cell lymphoma 
 Primary effusion lymphoma 
 Burkitt’s lymphoma/leukemia 
 B-cell proliferations of uncertain malignant potential 
 Lymphomatoid granulomatosis 
 Posttransplant lymphoproliferative disorder, 
polymorphic 
  T-cell neoplasms  
 Precursor T-cell neoplasm 
 Precursor B-lymphoblastic leukemia/lymphoma 
 Blastic NK-cell lymphoma 
 Mature T-cell and NK-cell neoplasm 
 T-cell prolymphocytic leukemia 
 T-cell large granular lymphocytic leukemia 
 Aggressive NK-cell leukemia 
 Adult T-cell leukemia/lymphoma 
 Extranodal NK/T-cell lymphoma nasal type 
 Enteropathy-type T-cell lymphoma 
 Hepatosplenic T-cell lymphoma 
 Subcutaneous panniculitis-like T-cell lymphoma 
 Mycosis fungoides 
 Sézary’s syndrome 
 Primary cutaneous CD30-positive T-cell 
 lymphoproliferative disorders 
 Primary cutaneous anaplastic T-cell lymphoma 
 Peripheral T-cell lymphoma, unspecifi ed 
 Angioimmunoblastic T-cell lymphoma 
 Anaplastic T-cell lymphoma 
 B-cell proliferations of uncertain malignant potential 

   Table 1.7    WHO classifi cation 2008   

  Precursor B- and T-cell neoplasms  
 Precursor B-lymphoblastic leukemia/lymphoma 
 B-lymphoblastic leukemia/lymphoma, NOS 
 B-lymphoblastic leukemia/lymphoma with recurrent 
genetic abnormalities 
 B-lymphoblastic leukemia/lymphoma with t(9;22) 
(q34;q11.2; BCR-ABL1) 
 B-lymphoblastic leukemia/lymphoma with t(v;11Q23); 
MLL rearranged 
 B-lymphoblastic leukemia/lymphoma with t(12;21) 
(p13;22); TEL_AML1,(ETV 6-RUNX1) 
 B-lymphoblastic leukemia/lymphoma with 
hyperdiploidy 
 B-lymphoblastic leukemia/lymphoma with 
hypodiploidy (hypodiploid ALL) 
 B-lymphoblastic leukemia/lymphoma with t(5;14) 
(q31;q32); IL-3-IGH 
 B-lymphoblastic leukemia/lymphoma with t(1;19)q23; 
p13.3;E2A-PBX1 (TCF3-PBX1) 
 Precursor T-lymphoblastic leukemia/lymphoma 
  Mature B-cell neoplasms  
 Chronic lymphocytic leukemia/small lymphocytic 
lymphoma 
 B-prolymphocytic leukemia 
 Splenic marginal zone lymphoma 
 Hairy cell leukemia 
 Splenic B-cell lymphoma/leukemia, unclassifi able 
 Splenic diffuse red pulp small B-cell lymphoma 
 Hairy cell leukemia 
 Lymphoplasmacytic lymphoma/Waldeström 
 macroglobulinemia 
 Heavy chain disease 
 α Heavy chain disease 
 γ Heavy chain disease 
 μ Heavy chain disease 
 Plasma cell myeloma 
 Solitary plasmacytoma of bone 

(continued)

 Lymphomatoid papulosis 
  Hodgkin’s disease  
 Nodular lymphocyte-predominant Hodgkin’s 
lymphoma 
 Classical Hodgkin’s lymphoma 
 Nodular sclerosis classical Hodgkin’s lymphoma 
 Mixed cellularity classical Hodgkin’s lymphoma 
 Lymphocyte-rich classical Hodgkin’s lymphoma 
 Lymphocyte-dep leted classical Hodgkin’s lymphoma 

Table 1.6 (continued)

1 Lymphoid Neoplasms: Classifi cation Systems



6

edition WHO lymphoma classifi cation system, 
which involved the efforts of 138 authors with 
expertise in their respective areas of pathology, 
biology, and clinical treatment, is now used in all 
oncology and pathology centers and forms the 
basis of all clinical trials.

1.2          Principles of the REAL 
and WHO Lymphoma 
Classifi cations 

 The basic underlying principles of both the third 
and fourth editions of the WHO lymphoma classi-
fi cations are essentially unchanged from those of 
the REAL classifi cation. In the REAL classifi ca-
tion, nosological distinct entities were defi ned 
using a constellation of features: morphology, 
immunophenotype, genetic features, and clinical 
presentation and course. Therefore, the REAL 
classifi cation was the fi rst lymphoma classifi cation 
based on a multiparameter approach. Each of these 
elements played a part, and no one feature takes 
precedence over the others consistently. For some 
diseases, morphology alone is highly  characteristic, 

 Extraosseous plasmacytoma 
 Extranodal marginal zone lymphoma (MALT 
lymphoma) 
 Nodal marginal zone lymphoma 
 Pediatric nodal marginal zone lymphoma 
 Follicular lymphoma 
 Pediatric follicular lymphoma 
 Mantle cell lymphoma 
 DLBCL, NOS 
 T-cell/histiocyte-rich large B-cell lymphoma 
 Primary DLBCL of CNS 
 Primary cutaneous DLBCL, leg type 
 DLBCL associated with chronic infl ammation 
 Lymphomatoid granulomatosis 
 Mediastinal (thymic) large B-cell lymphoma 
 Intravascular large B-cell lymphoma 
 ALK-positive large B-cell lymphoma 
 Plasmablastic lymphoma 
 Large B-cell lymphoma arising in HHV8-associated 
multicentric Castleman’s disease 
 Primary effusion lymphoma 
 Burkitt’s lymphoma 
 B-cell lymphoma, unclassifi able, with features 
intermediate between diffuse and large B-cell 
lymphoma and Burkitt’s lymphoma 
 B-cell lymphoma, unclassifi able, with features 
intermediate between diffuse and large B-cell 
lymphoma and classical Hodgkin’s lymphoma 
  Mature T-cell and NK-cell neoplasms  
 T-cell prolymphocytic leukemia 
 T-cell large granular lymphocytic leukemia 
 Chronic lymphoproliferative disorder of NK cells 
 Aggressive NK-cell leukemia 
 Systemic EBV +  T-cell lymphoproliferative disease of 
childhood 
 Hydroa vacciniforme-like lymphoma 
 Adult T-cell leukemia/lymphoma 
 Extranodal NK/T-cell lymphoma nasal type 
 Enteropathy-type T-cell lymphoma 
 Hepatosplenic T-cell lymphoma 
 Subcutaneous panniculitis-like T-cell lymphoma 
 Mycosis fungoides 
 Sézary’s syndrome 
 Primary cutaneous CD30 +  T-cell lymphoproliferative 
disorders 
 Primary cutaneous anaplastic T-cell lymphoma (ALCL) 
 Lymphomatoid papulosis 
 Primary cutaneous γδ T-cell lymphoma 
 Primary cutaneous CD8 +  aggressive epidermotropic 
cytotoxic T-cell lymphoma 

 Primary cutaneous CD4 positive aggressive small to 
medium-sized T-cell lymphoma 
 Peripheral T-cell lymphoma, NOS 
 Angioimmunoblastic T-cell lymphoma 
 Anaplastic large-cell lymphoma, ALK +  
 Anaplastic large-cell lymphoma, ALK -  
  Hodgkin’s disease  
 Nodular lymphocyte-predominant Hodgkin’s 
lymphoma 
 Classical Hodgkin’s lymphoma 
 Nodular sclerosis classical Hodgkin’s lymphoma 
 Mixed cellularity classical Hodgkin’s lymphoma 
 Lymphocyte-rich classical Hodgkin’s lymphoma 
 Lymphocyte-depleted classical Hodgkin’s lymphoma 
  Posttransplant lymphoproliferative disorders (PTLD)  
 Early lesions 
 Plasmacytic hyperplasia 
 Infectious mononucleosis-like PTLD 
 Polymorphic PTLD 
 Monomorphic PTLD (B- and T/NK-cell types) 
 Classical Hodgkin’s lymphoma-type PTLD 

Table 1.7 (continued) Table 1.7 (continued)

S.E. Coupland
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allowing one to confi dently make the diagnosis 
without undertaking any further  ancillary studies. 
Most cases of chronic lymphocytic leukemia 
(CLL) or FL presenting in lymph nodes would fall 
into this category. For other diseases, knowledge of 
the underlying genetics may be essential, such as in 
the diagnosis of anaplastic lymphoma kinase-posi-
tive anaplastic large-cell lymphoma (ALCL). The 
relative importance of each of these features varies 
among the lymphomas, depending on the state of 
current knowledge, and there is  no  one “gold stan-
dard” by which all diseases are defi ned. Despite 
this, lineage is a defi ning feature and forms the 
basis for the WHO classifi cation’s structure, recog-
nizing B-cell, T-cell, and natural killer (NK)-cell 
neoplasms. Additionally, the underlying basic 
premise is the distinction between precursor lym-
phoid neoplasms and those derived from mature 
lymphoid cells. 

 In the twentieth century the fi eld of immunol-
ogy shed light on the functional and immunophe-
notypic complexity of the immune system. 
Traditional morphological approaches were rec-
ognized as being insuffi cient to differentiate 
between the many benign and malignant cellular 
components of lymphoid malignancies. Mono-
clonal antibody technology provided an array of 
immunophenotypic markers that could delineate 
the various cell types, and technological 
advances soon permitted the immunohisto-
chemical detection of most relevant antigens in 
routinely processed formalin-fi xed paraffi n- 
embedded (FFPE) sections. Signifi cant contributors 
to the developments in the fi eld of immuno-
histochemistry are too numerous to list here but 
include Kohler and Milstein, who created the 
hybridoma technology that led to the develop-
ment of monoclonal antibodies (Kohler and 
Milstein  1975 ); McMichael et al. who created 
the fi rst monoclonal antibody against a human 
lymphocyte differentiation antigen, generated 
against an antigen expressed on normal thymo-
cytes (later called CD1a) (McMichael et al.  1979 ); 
as well as David Mason and others, who adapted 
the immunohistochemistry techniques to rou-
tine FFPE sections (Taylor and Mason  1974 ; 
Mason et al.  1982 ). 

 Many lymphoid malignancies have character-
istic immunophenotypic profi les (Swerdlow et al. 
 2008 ) (see also Coupland “Histology” Chap   2    ), 
and these together with the morphological fea-
tures enable pathologists to reach an unequivo-
cal diagnosis. However, even among what are 
thought to be very homogenous entities, immu-
nophenotypic variation may be seen, “catching 
out” the most experienced hematopathologist. 
For example, not all cases of CLL are CD5+ 
and CD23+; not all FLs are BCL-2+ or CD10+. 
CD5+ may be expressed in otherwise classic 
FL. Expression of ALK is essential for the diag-
nosis of ALK+ ALCL but is also expressed in 
ALK+ large B-cell lymphoma and a variety of 
nonlymphoid tumors (Tartari et al.  2011 ). Thus 
knowledge of the immunophenotype is a highly 
effective tool, but one that always must be used in 
context of morphological analysis. 

 There has been equally dramatic progress in 
the understanding of the genetics of lymphoid 
malignancies. Recurrent cytogenetic abnormali-
ties have been identifi ed for many leukemia and 
lymphoma subtypes. The fi rst to be recognized 
were the t(14;18)(q32;q21) of FL and the t(8;14)
(q24;q32) of Burkitt’s lymphoma (BL) (Zech 
et al.  1976 ; Yunis et al.  1982 ). Subsequent studies 
led to the cloning of genes involved in both of 
these translocations. The laboratories of Philip 
Leder and Carlo Croce in 1982 both identifi ed 
 MYC  as the gene that was translocated into the 
immunoglobulin genes in human BL (Dalla- 
Favera et al.  1982 ; Taub et al.  1982 ); other similar 
discoveries rapidly followed, such as BCL2/
IGH@ in FL (Tsujimoto et al.  1985 ) and CCND1/
IGH@ in mantle cell lymphoma (Tsujimoto et al. 
 1984 ). The translocations involving the immuno-
globulin heavy chain gene, IGH@ at 14q24, usu-
ally result in a cellular proto-oncogene coming 
under the infl uence of the IGH@ promoter. There 
are also less frequent but parallel alterations 
involving the T-cell receptor genes in T-cell 
malignancies. 

 The process of rearrangement of the immuno-
globulin and T-cell receptor genes during normal 
lymphoid cell development was discovered, and 
the technology exploited by using rearrangement 
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of the antigen receptor genes was used as mark-
ers of both lineage and clonality in lymphoid 
neoplasms (Arnold et al.  1983 ). Clonality analy-
ses are part of the normal repertoire of any hema-
topathology center, in the routine “workup” of 
both B- and T-cell neoplasms, and have been 
improved to enable them to be applied using 
polymerase chain reaction (PCR) against both 
the B- and T-cell receptors in DNA extracted 
from FFPE material (Deane and Norton  1990 ). 

 The REAL classifi cation recognized the 
importance of genetic abnormalities in defi ning 
disease entities. However, it has become clear 
that a purely genetic approach to defi ning disease 
is neither feasible nor appropriate. For example, 
although the  MYC  translocation is universally 
present in BLs,  MYC  involving the immunoglob-
ulin genes are found as either secondary or less 
commonly as primary genetic abnormalities in 
other lymphoid malignancies, such as diffuse 
large B-cell lymphoma (DLBCL), plasmablastic 
malignancies, and some cases of B-lymphoblastic 
lymphoma/leukemia (Jaffe and Pittaluga  2011 ). 
Similarly, BCL-2/IGH@ is found in only 
85–90 % of FLs and is present in up to 25–30 % 
of de novo DLBCLs with no prior evidence of FL 
(Tomita  2011 ). 

 Finally, the inclusion of  clinical  criteria was 
one of the novel aspects of the ILSG approach to 
lymphoma classifi cation. The REAL classifi ca-
tion distinguished for the fi rst time between nodal 
and extranodal forms of lymphoma and their dif-
ferences (Table  1.5 ). As a consequence, the site 
of involvement had clearly to be stated in the 
diagnostic reports. The REAL classifi cation rec-
ognized that the site of presentation is often a 
signpost for biological distinctions, such as in 
extranodal marginal zone B-cell lymphomas aris-
ing in mucosa-associated lymphoid tissue 
(MALT) (Isaacson and Du  2004 ), primary medi-
astinal large B-cell lymphomas (Rodriguez et al. 
 1994 ), and many types of T/NK-cell lymphomas 
(Jaffe et al.  1999 ). The ILSG appreciated that 
accurate diagnosis requires knowledge of the 
clinical history, including blood profi les, because 
biologically distinct entities may appear cytolog-
ically similar. Integration of the clinical features 
is an essential aspect in the defi nition of disease 

entities and in accurate diagnoses in daily 
 practice. The pathologist must be provided with 
relevant clinical details on receipt of the speci-
men to arrive at the correct diagnosis. Ideally, 
clinicopathological conferences (or “tumor 
boards”) should occur at least weekly, in order to 
arrive at a fi nal integrated report, particularly in 
diffi cult cases, where clinical and pathological 
diagnoses may be discordant. 

 It is also evident that clinical features are 
important prognostic indicators, and in many 
instances the treatment approach chosen is based 
on the clinical setting in conjunction with the 
pathologic diagnosis. For instance, some patients 
with FL can be followed with a “watch-and-wait” 
approach (e.g., conjunctival lymphomas, stage 
IE, removed by complete surgical excision), 
whereas in others a large and extensive tumor 
burden at diagnosis obviously dictates immediate 
therapy. Response to therapy is infl uenced not 
only by underlying clinical features but also by 
biologic and prognostic factors. Cytological 
grade varies in many disease entities, e.g., FL, 
with grades 1–3 being given according to the 
number of centroblasts present per 10 high-power 
fi elds. Other prognostic factors are based on 
tumor cell biology, such as ZAP-70 expression in 
CLL (Pekarsky et al.  2010 ), or host factors, such 
as the tumor microenvironment (Coupland  2011 ). 
For this reason it is not possible to stratify lym-
phoma subtypes in a “pigeon-hole”-like manner 
according to their aggressiveness.  

    Conclusions 

 Disease defi nitions are not static and new 
disease entities or variants continue to be 
recognized. For example, recent studies 
have drawn attention to the biologic overlap 
between CHL and DLBCL. Similarly, there is 
a greater appreciation of the borders between 
BL and DLBCL. Strategies for the manage-
ment of these borderline lesions are proposed. 
Additionally, age-specifi c and site- specifi c 
factors play an important role in the defi ni-
tion of new entities, which also have biologic 
underpinnings. The 2001 (third edition) WHO 
classifi cation was rapidly adopted for clinical 
trials and successfully served as a common 
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language for scientists comparing genetic and 
functional data. The modifi cations made in the 
2008 (fourth edition) WHO lymphoma clas-
sifi cation are the result of this successful part-
nership among pathologists, clinicians, and 
biologists, but they provide only a stepping-
stone to the future. From a practical point, 
training of oncologists, hemato-oncologists, 
general pathologists, and specialized ocular 
pathologists in the principles and practical 
application of current and future classifi cations 
is crucial to ensure broad acceptance of the 
classifi cation and to facilitate communication.     
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2.1            Introduction 

  Lymphomas of the ocular adnexa  (i.e., the orbit, 
eyelids, conjunctiva, lacrimal gland, and lacrimal 
sac) are relatively uncommon, accounting for 
approximately 8 % of all extranodal malignant 
lymphomas (Freeman et al.  1972 ). Most are pri-
mary tumors and are usually NHL of B-cell type: 
The most common primary lymphoma subtype 
occurring in the ocular adnexa is the low-grade 
malignant extranodal marginal zone B-cell lym-
phoma (EMZL), accounting for approximately 
two-thirds of all ocular adnexal lymphomas 
(White et al.  1995 ; Coupland et al.  1998 ; Cho 
et al.  2003 ; Ferry et al.  2007 ). They are often 
termed “MALT” lymphomas when involving an 
overlying epithelium – e.g., the conjunctiva or 
acini of the lacrimal gland. 

 In the following chapter, the histological and 
immunophenotypical features of the  intraocular 
lymphomas  and  ocular adnexal lymphomas  will 
be reviewed. The molecular genetic features of 
each lymphoma subtype will be addressed in the 
next chapter and, however, will also be briefl y 
summarized in an associated table.  

2.2     Intraocular Lymphoma 

2.2.1     Vitreoretinal Lymphoma 

 As mentioned above, VRL is a lymphoma of 
high-grade malignancy, which is often associ-
ated with cerebral disease. The central nervous 
system (CNS) lymphoma may occur prior to, 
concurrently, or subsequent to the ocular dis-
ease. The clinical features and treatment of 
VRL will not be discussed here: The reader is 
referred to the accompanying chapters in this 
book, as well as to other recent reviews (Davis 
 2013 ; Chan et al.  2010 ). 

 Histologically, VRL can be subtyped in 
most cases as a diffuse large B-cell lymphoma 
(DLBCL) (Coupland  2013 ) according to the lat-
est WHO lymphoma classifi cation (Swerdlow 
et al.  2008 ). Rare subtypes include  T-cell-rich 
B-cell lymphoma and T-cell lymphoma 
(Cummings et al.  2005 ). VRL are characterized 
by a subretinal or perivascular retinal infi ltration 
of pleomorphic medium- to large-sized cells with 
minimal basophilic cytoplasm, indented or folded 
nuclei, and prominent, often multiple, nucleoli 
(Fig.  2.1a ). Atypical mitotic fi gures can be seen. 
Necrosis and apoptosis, with background scav-
enging macrophages, are frequent characteristics 
of these tumors, making the diagnosis of lym-
phoma more diffi cult in some cases (Fig.  2.1b ) 
(Coupland  2012 ; Mudhar and Sheard  2013 ).

   Immunohistochemically, VRL are charac-
terized by the following expression profi le: 
positivity for B-cell antigens (CD79a, CD20, 
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PAX5) (Fig.  2.1c ) as well as for BCL-2, MUM1/
IRF4, OCT2, BOB.1, BCL-6+/−, CD10−/+, and 
Pu.1−/+. They are usually monotypical for IgM 
(Coupland and Damato  2008 ). Staining with 
Ki-67 shows that the tumor cell growth frac-
tion is very high (i.e., about 80–90 %). Clonality 
assessment can also be performed on DNA 
extracted from VRL using polymerase chain 
reaction (PCR) directed against the immunoglob-
ulin heavy and light chains in B-cell lymphomas 
(Fig.  2.1d ) and against the T-cell receptor in the 
case of rare T-cell lymphomas (Coupland and 
Damato  2008 ). 

 With regard to molecular genetic alterations 
in VRL, it has been demonstrated that the tumor 
cells carry an intermediate to large number of 
hypermutated immunoglobulin variable region 
(IgV) genes with no convincing evidence of 
antigen selection or signifi cant intraclonal het-
erogeneity (Coupland et al.  2005 ; Malumbres 
et al.  2007 ). Interestingly, a similar high muta-
tion IgV frequency has been reported in CNSL 
(Montesinos-Rongen et al.  1999 ; Pels et al. 
 2005 ). The fi ndings of a large somatic mutation 
load in the IgV genes of VRL, together with the 
tumor cell immunophenotype (MUM1/IRF4+, 

a b

c d

  Fig. 2.1    ( a ) Cytology spin of a vitreoretinal lymphoma 
(VRL) demonstrating large pleomorphic cells with bizarre 
sometimes clover leaf-like nuclei with prominent multiple 
nucleoli, consistent with a diffuse large B-cell lymphoma. 
( b ) Histological section of a near-to-completely necrotic 
vitreoretinal lymphoma with ghost lytic tumor cells in the 

background. ( c ) Membranous positivity of the neoplastic 
B-cells for the B-cell antigen, CD20. ( d ) A case of VRL 
with clear monoclonality using BioMed2 primers for 
framework region (FR) FR1, FR2, and FR3 of the variable 
region of the immunoglobulin heavy chain gene (lanes 4 
and 5, 6 and 7, 8 and 9, respectively)       
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BCL-6+/−, CD10), suggest that it is a DLBCL 
of activated B-cell-like (ABC) subtype (Alizadeh 
et al.  2000 ), i.e., they are derived from mature 
B-cells, which have undergone a prolonged inter-
action in the microenvironment of the GC and are 
either at the late GC stage of differentiation or 
are early post-GC B-cells (Coupland et al.  2005 ; 
Malumbres et al.  2007 ). 

 To date, the only reported chromosomal 
 translocation in VRL is t(14;18), which involves 
the  bcl-2  gene ,  with rearrangements being 
reported in up to 67 % of cases (Chan  2003b ). 
The presence of this mutation and consequent 
overexpression of the BCL-2 protein in some 
VRL could, therefore, suggest that some VRL 
are “germinal center B-cell-like” (GCB) DLBCL, 
which are proposed to be derived from centro-
blasts (Alizadeh et al.  2000 ). Further studies, par-
ticularly gene expression profi ling (GEP), 
however are needed to confi rm whether there are 
indeed differing molecular genetic subtypes of 
VRL, which may refl ect the clinical behavior.  

2.2.2     Uveal Lymphoma 

 Lymphoid proliferations of the uvea can be 
divided into two main groups: (a) primary uveal 
tumors and (b) secondary intraocular manifesta-
tions of systemic lymphoma (Coupland and 
Damato  2008 ). Although the exact frequency of 
the latter is unknown, they are not particularly 
unusual, especially in leukemia where intraocu-
lar (mainly choroidal) involvement may occur in 
as many as 80–90 % of patients during the late 
course of the disease (Augsburger and Greatrex 
 1989 ). Primary uveal lymphoma is rare and can 
be further divided according to location: i.e., pri-
mary choroidal lymphoma, primary ciliary body 
lymphoma, and primary iridal lymphoma, with 
the former being the most common. 

2.2.2.1     Primary Choroidal Lymphoma 
 Primary choroidal lymphoma was fi rst described 
in 1920 (Treibenstein  1920 ) and occurs as a uni-
lateral tumor in the absence of systemic disease at 
diagnosis (Fig.  2.2a ). Due to the usual  low- grade 
nature of these tumors, they were erroneously 

termed “reactive lymphoid  hyperplasia” (Ryan 
et al.  1972 ) or “uveal pseudotumors” previ-
ously (Gass  1967 ; Ryan et al.  1971 ). Subsequent 
investigations, using more advanced diagnostic 
methods, such as improved immunohistology 
following antigen retrieval and a wider panel 
of antibodies, and clonality analysis using PCR 
have provided evidence that the majority of these 
tumors represent low-grade B-cell lymphoma 
(Ben-Ezra et al.  1989 ; Cockerham et al.  2000 ; 
Coupland et al.  2002 ; Grossniklaus et al.  1998 ). 
Most primary choroidal lymphomas can be sub-
typed as “extranodal marginal zone B-cell lym-
phomas” (EMZL) of MALT type, according to 
the latest WHO lymphoma classifi cation since 
these tumors demonstrate clinical, morphologi-
cal, immunophenotypical, and genetic features 
similar to EMZL in other locations (Coupland 
et al.  2002 ).

   In most cases of primary uveal EMZL 
reported, the eyes were ultimately enucleated 
either due to diffi culties in determining the nature 
of the uveal mass clinically or to pain as a result 
of secondary glaucoma. Some authors performed 
biopsies of the episcleral tumor nodules (Holz 
et al.  1999 ) and either aspirates or biopsies of the 
choroidal swelling (Cheung et al.  1994 ), in order 
to establish a defi nitive diagnosis of lymphoma. 

 In cytological specimens, the cells of pri-
mary choroidal EMZL are small, with a rela-
tively monomorphous appearance and with a 
narrow cytoplasmic rim and indistinct nucleoli. 
Histological biopsies of primary choroidal 
EMZL demonstrate an expansion of centrocyte-
like, monocytoid and plasmacytoid tumor cells 
with occasional blasts in the marginal zone 
surrounding reactive follicles, which are fre-
quently present in larger biopsies. The degree of 
plasmacellular differentiation can be large with 
numerous tumor cells possessing intranuclear 
collections of immunoglobulin (Dutcher bod-
ies) (Fig.  2.2b ). Consistent with the indolent 
nature of these tumors, there are usually only a 
few mitoses. When arising in tissues associated 
with mucosa or epithelium, nests of EMZL tumor 
cells may infi ltrate neighboring structures form-
ing “lymphoepithelial lesions.” (Coupland and 
Damato  2008 ) The malignant nature of the tumor 
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can be supported morphologically by the “uveal 
equivalent” of lymphoepithelial lesions (i.e., 
tumor cells infi ltrating Bruch’s membrane and 
the retinal epithelium) and the presence of extra-
scleral extension (Coupland and Damato  2008 ). 

 Immunohistochemical studies demonstrate a 
dominance of B-lymphocytes positive for CD79a, 
CD20, and PAX5 (Fig.  2.2c ). The tumor cells can 
display an aberrant expression of T-cell antigens, 
e.g., CD43 (Coupland and Damato  2008 ) as well 
as monotypical expression of an immunoglobulin 
light and/or heavy chain (Fig.  2.2d ). Primary 
choroidal lymphoma cells are usually negative 

for CD23, CD5, CD10, BCL-6, and cyclin D1, 
excluding therefore a secondary choroidal infi l-
tration by other small cell B-cell lymphoprolif-
erative disorders, such as B-cell lymphocytic 
leukemia (CD5+, CD23+, CD10−, BCL-6−, 
cyclin D1−), mantle cell lymphoma (CD5+, 
CD23−, CD10−, BCL-6−, cyclin D1+), and fol-
licular lymphoma (CD5−, CD23−, CD10+, BCL- 
6+, cyclin D1−) (see Table  2.1 ). The Ki-67 stain 
is usually low (about 5–15 %) in choroidal 
EMZL, refl ecting their indolent nature. Little is 
known about the chromosomal translocations in 
choroidal EMZL ( cf.  Sect.  2.3  – see below).

a b

c d

  Fig. 2.2    ( a ) Fundoscopy of a patient with choroidal lym-
phoma (courtesy of Prof. Bertil Damato). ( b ) Histological 
section of an intraocular biopsy taken demonstrates that 
the lymphomatous infi ltrate is composed of small centro-
cyte-like cells with some plasmacellular differentiation 

and with very rare mitoses, consistent with an extranodal 
marginal zone B-cell lymphoma. ( c ). CD20 positivity of 
the tumor cells. ( d ) Membranous staining of some of the 
neoplastic B-cells also for CD138, confi rming their plas-
macellular differentiation       
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2.2.2.2        Primary Iridal Lymphoma 
 Primary iridal lymphomas are very rare, with 
only a dozen cases having been reported in the 
literature (Cooper and Riker  1951 ; Raju and 
Green  1982 ; Goldey et al.  1989 ; Jensen et al. 
 1994 ; Coupland et al.  1999a ; Velez et al.  2000 ; 
Lobo et al.  2003 ; Yahalom et al.  2002 ; Yamada 
et al.  2003 ). All described primary iridal lym-
phomas consisted of sheets of large atypical 
lymphoid cells with pleomorphic cytology and 
numerous mitoses and apoptotic bodies. On 
immunohistological examination, the tumor 
cells demonstrated a dominance of either a B- or 
T-cell population with aberrant immunopheno-
types. The Ki-67 growth fraction of the neoplas-
tic cells was large, approximately 70–90 %. The 
prognosis of primary iridal lymphoma varies: 
Most patients develop either systemic or cere-
bral involvement (Lobo et al.  2003 ). In general, 
those patients who developed a cerebral or vis-
ceral manifestation did most poorly, compared 
to those patients whose tumors disseminated to 
lymph nodes or the skin.  

2.2.2.3     Primary Ciliary Body 
Lymphoma 

 Primary ciliary body lymphomas are excep-
tionally rare, with only one case of a low-grade 
EMZL having been published to date (Coupland 
and Damato  2008 ). Two further cases of cili-
ary body EMZL seen in elderly patients at the 
Liverpool Ocular Oncology Centre have been 
submitted for publication. All cases presented as 
localized ciliary body masses with low acoustic 
refl ectivity, which through histological analysis 
of the intraocular biopsies, could be distinguished 
from melanomas. External beam radiation ther-
apy induced rapid and complete regression and a 
good outcome.    

2.3      Ocular Adnexal Lymphomas 

 Ocular adnexal lymphomas constitute 8 % of all 
extranodal lymphomas and are the most com-
mon malignant tumors of the orbit (Freeman 
et al.  1972 ). The conjunctiva is the second most 
commonly affected location (Coupland et al. 

 1998 ; Ferry et al.  2007 ; Auw-Haedrich et al. 
 2001 ; Sjo  2009 ). 

 As mentioned above, the most common lym-
phoma subtype of the ocular adnexal region is the 
EMZL (60–66 %) followed by follicular lym-
phoma (FL) (10–15 %) and diffuse large B-cell 
lymphoma (DLBCL) (8–13 %) (Coupland et al. 
 1998 ; Ferry et al.  2007 ; Sjo  2009 ). Of the rarer 
subtypes is mantle cell lymphoma (MCL) 
(1–5 %), a small cell lymphoma with high-grade 
potential (Rasmussen et al.  2009 ). While EMZL 
and FL are associated with low morbidity and 
mortality, patients with ocular adnexal DLBCL 
and ML have poor prognoses. Even with new 
improved treatments, the 5-year overall survival 
is approximately 60 % for patients with DLBCL 
(Rasmussen et al.  2013 ) and as low as 40 % in 
MCL patients (Rasmussen et al.  2009 ). 

2.3.1     Extranodal Marginal Zone 
B-cell Lymphoma (EMZL) 

 EMZL were fi rst described in the stomach by 
Isaacson and Wright in 1984 (Isaacson and 
Wright  1984 ). They are often termed “MALT” 
lymphomas when involving an overlying epithe-
lium – e.g., the gastric mucosa, conjunctiva, or 
acini of the lacrimal gland. This term is not 
appropriate, however, for those lesions located 
deep in the orbit, where no epithelium is present; 
in such lesions, the overarching “EMZL” should 
be applied. 

 EMZL typically arise in conditions of chronic 
antigenic stimulation, as evidenced by the asso-
ciation of  H. pylori ,  C. jejuni ,  B. burgdorferi , and 
hepatitis C virus with EMZLs that arise in the 
stomach, small intestine, skin, and spleen, respec-
tively (Du  2011 ). The signifi cance of  C. psittaci  
with respect to the EMZL of the ocular adnexa 
remains unclear: There appears to be substantial 
geographic variation in its association (Chanudet 
et al.  2006 ). There may be a relationship with 
autoantigens produced, for example, in autoim-
mune diseases and the development of ocular 
adnexal EMZL, as evidenced by somatic muta-
tion analyses of these tumors, suggesting an anti-
gen selection process (Coupland et al.  1999b ). 

2 Ocular and Adnexal Lymphoma: Histopathology
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 The morphological features of EMZL have 
been described above in the section addressing 
the primary choroidal lymphomas (Table  2.1 ). 
In the conjunctiva the neoplastic B-cells may 
extend into the overlying conjunctival epithe-
lium, creating “lymphoepithelial lesions” and 
a “Swiss cheese” appearance when viewing the 
conjunctival specimens in the pancytokeratin 
stain. Consistent with the indolent nature of these 
tumors, there are usually few mitoses, with an 
increased mitotic count only being seen in EMZL 
that may be transforming to high-grade lympho-
mas. The  immunoprofi le  of ocular adnexal EMZL 
is summarized in Table  2.1 . 

 EMZL are genetically characterized by sev-
eral recurrent, but mutually exclusive, chromo-
some translocations (Table  2.1 ). To date, it has 
been shown that at least the oncogenic products 
of t(11;18)(q21;q21)/API2-MALT1, t(1;14) (p22;
q32)/BCL10-IGH, t(14;18)(q32;q21)/IGH-MALT1, 
and t(3;14)(p13;q32)/FOXP1- IGH.1 are present 
in some EMZL. Both BCL10 and MALT1 are 
critical components linking the antigen receptor 
signaling to the canonical nuclear factor (NF)-κB 
activation pathway. Expression of BCL10, 
MALT1, or API2- MALT1 both in vitro and in 
vivo causes NF-κB activation (Du  2011 ). The 
above translocations occur frequently in EMZL 
of the stomach and lung but  rarely  in those of 
the ocular adnexa, salivary glands, and thyroid 
(Du  2011 ). By genomic profi ling of “translo-
cation negative” ocular adnexal EMZL, it was 
demonstrated that the A20 gene, an essential 
global NF-κB inhibitor, was found to be inacti-
vated either by somatic deletion and/or mutation 
in ocular adnexal EMZL (Chanudet et al.  2010 ). 
The A20 deletion is most commonly heterozy-
gous and is mutually exclusive from the above-
described MALT1 and IGH translocations. 
Further, it was shown that the A20 mutation/dele-
tion is signifi cantly associated with an increased 
expression of NF-κB target genes. These fi ndings 
appear to be of clinical relevance: Complete A20 
inactivation is associated with poor lymphoma-
free survival, and the patients with A20 mutation/
deletion required signifi cantly higher radiation 
dosages than those without the A20 abnormalities 
to achieve complete remission (Bi et al.  2012 ).  

2.3.2     Follicular Lymphoma 

 In European studies, FL is the second most 
common occurring primary B-NHL in the ocu-
lar adnexa. FL is a malignant neoplasm of fol-
licle center cells (centrocytes and centroblasts), 
which has at least a partially follicular pattern 
(Fig.  2.3a ). Areas of diffuse or even pure dif-
fuse growth patterns can occur (Table  2.1 ). These 
tumors are graded according to the proportion of 
centrocytes and centroblasts present, with Grade 
1 being centroblasts <5 % (Fig.  2.3b ), Grade 2 
being centroblasts being between 5 and 15 %, 
and Grade 3 being centroblasts >15 %. Grade 
3 can be further subdivided according the pres-
ence of centrocytes (3A) or their absence (3B) 
(Swerdlow et al.  2008 ). The immunophenotype 
of FL is summarized in Table  2.1 , but impor-
tantly there is a positivity of the neoplastic germi-
nal center cells for BCL-2 protein in most cases 
(Fig.  2.3c, d ). This is as a result of the transloca-
tion t(14;18)(q32;q21), involving the rearrange-
ment of the  BCL-2  gene (70–95 % of cases). 
Consequently, there is an absence of apoptosis in 
the neoplastic FL germinal centers and a loss of 
the so-called light and dark zones, which can be 
highlighted in the Ki-67 stain. The meshworks of 
follicular dendritic cells (FDCs) within the neo-
plastic germinal centers are expanded. The Ki-67 
growth rate of the tumor cells varies according to 
the grade of the FL (Fig.  2.3e ). Rare FL have a 
t(2;18)(p12;q21), which places the  BCL-2  gene 
adjacent to the light chain on chromosome 2. 
Most FL have additional breaks, most commonly 
involving chromosomes 1, 2, 4, 5, 13, and 17, or 
additions of X, 7, 12, or 18 (Table  2.1 ) (Swerdlow 
et al.  2008 ).

2.3.3        Diffuse Large B-cell 
Lymphoma 

 Ocular adnexal DLBCL are histomorpho-
logically characterized by diffuse infi ltrates of 
B-lymphocytes of medium to large size with 
conspicuous nucleoli and basophilic cytoplasm 
as well as numerous mitoses including atypical 
mitotic fi gures (Fig.  2.4a ). The aggressiveness 

S.E. Coupland
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of these tumors is refl ected by their infi ltration 
and destruction of surrounding tissues such as 
the lacrimal gland parenchyma and the bony 
walls of the orbital cavity. The immunopheno-
type of ocular adnexal DLBCL varies according 

to whether they are (i) GC B-cell-like (GCB) 
DLBCL, which are derived from centroblasts, (ii) 
or  activated B-cell-like (ABC) DLBCL, which 
resembles features of plasmablastic B-cells 
committed to terminal B-cell  differentiation 

a

b c

d e

  Fig. 2.3    ( a ) Low-power magnifi cation of a conjunctival 
biopsy with nodular lymphocytic infi ltrates. ( b ) Higher 
power magnifi cation demonstrates that the germinal centers 
are abnormal, lacking the usual zoning into the light and 
dark zones, as well as any evidence of apoptosis, consistent 
with a follicular lymphoma. ( c ) The CD79a immunostain 

shows that there is a clear dominance of the neoplastic 
B-cell population. ( d ) The neoplastic germinal centers aber-
rantly express BCL-2 protein by the centrocytes and centro-
blasts, indicating that the translocation t(14:18) has taken 
place in these cells. ( e ) The Ki-67 growth fraction is low, 
consistent with a Grade I follicular lymphoma       
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(Alizadeh et al.  2000 ). Essentially, however, 
most ocular adnexal DLBCL have the following 
 immunophenotype, CD20+, BCL-2+, BCL-6+, 
CD10+/−, and MUM1+/−, and the Ki-67 growth 
fractions are high, varying between 50 and 80 % 
(Table  2.1 ) (Fig.  2.4b, c ) (Coupland et al.  1998 ).

2.3.4        Mantle Cell Lymphoma 

 Ocular adnexal MCL possess a vaguely nodular 
growth pattern at lower power and consist of 
diffusely arranged small- to medium-sized cells 
with pale cytoplasm, inconspicuous nucleoli, 
and irregular or “cleaved” nuclei (Fig.  2.5a, b ). 
Scattered epithelioid histiocytes are present 
(Fig.  2.5b ). The meshwork of FDCs is promi-
nent and disorganized (“moth-eaten appear-
ance”) as demonstrated by CD21 and CD23 
stains. The tumor cells are characterized by 
positivity for CD45, CD20, CD5, cyclin D1 
protein, and SOX11 (Fig.  2.5c, d ), together with 
monoclonality for IgD/IgM and for lambda 

(more often than kappa). The Ki-67 growth 
fraction is  usually about 20 % but can increase 
in the blastoid  variant to above 35 % (Table  2.1 ) 
(Swerdlow et al.  2008 ;  Auw-Haedrich 
et al.  2001 ; Rasmussen et al.  2009 ).

        Conclusions 

 There has been a great deal of progress made in 
the understanding of the histogenesis of lym-
phoma in general. The WHO lymphoma classi-
fi cation has improved our ability to subtype the 
malignant lymphomas into particular entities, 
which are characterized by particular morpho-
logical, immunophenotypical, and molecular 
biological features. Further “fi ne-tuning” of 
our understanding of pathogenesis has been 
recently achieved with the application of the 
new technologies. A large amount remains to 
be learned about the pathogenesis of the lym-
phomas affecting ocular and ocular adnexal tis-
sues: The new methodologies must be applied 
in these tumors in multicenter studies with the 
hope of optimizing patient treatment.     

a b

c

  Fig. 2.4    ( a ) High power magnifi cation of an orbital high-
grade lymphoma, comprised of medium-to-large pleo-
morphic cells with eccentrically placed prominent nuclei 

and scattered mitoses, consistent with a diffuse large 
B-cell lymphoma. ( b ) The neoplastic B-cells demonstrate 
clear positivity for CD20 and ( c ) co-express MUM1/IRF4       
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3.1            Introduction 

 Lymphomas of the ocular adnexa represent 
between 10 and 15 % of tumors arising within 
the orbit, eyelids, conjunctiva, and lacrimal sac 
(Spraul and Grossniklaus  1997 ). Intraocular lym-
phomas are rare, representing <1 % of all intra-
ocular tumors (Bardenstein  1998 ). The incidence 
of ocular lymphomas has increased signifi cantly 
in the west. One study by Moslehi et al looking 
at the increasing incidence of ocular lymphoma 
between 1975 and 2001 found that there was 
rapid and steady increase of about 6.5 % annually 
among white Americans of ocular NHL (Moslehi 
et al.  2006 ). Recently there has been much 
research showing a connection between infection 
by certain agents such as Chlamydophila psit-
taci (Cp) and ocular adnexal extranodal marginal 
zone lymphomas (EMZL) (Ferreri et al.  2004 ; 
Ponzoni et al.  2008 ). EMZL are the common-
est ocular lymphomas, constituting between 50 
and 80 % of ocular lymphomas. It is therefore a 
very likely possibility that increased prevalence 
of infection by such an agent Cp will lead to an 
increase in the incidence of ocular lymphoma 
(particularly EMZL) (Moslehi et al.  2006 ; 

Ponzoni et al.  2011 ). A new study published by 
Ferreri et al has evaluated the prevalence of Cp 
DNA in patients with newly diagnosed stage 1 
EMZL, fi nding that 39/47 (89 %) had Cp DNA 
detected on biopsy, and subsequently found that 
treatment of the Cp infection with doxycycline 
positively affected the prognosis and response of 
the EMZL to lymphoma treatment (Ferreri et al. 
 2012 ). This has lead to the realization that accu-
rate diagnosis of lymphoma subtype, through 
genetic evaluation as well as immunohistochem-
istry, may enable future developments for lym-
phoma treatment that target causative pathogens 
as well as the lymphoma itself with more accu-
racy. Furthermore, cytogenetic analysis may 
reveal further connections with either pathogens 
or genetic aberrations that can be targeted with 
alternative therapies and concomitantly allow 
more accurate prognostic evaluation to take place 
(Dagklis et al.  2012 ). 

 Attempting to diagnose these lesions accurately 
using traditional histopathology is often a chal-
lenge as the biopsy tissue specimens are typically 
very small. Furthermore, cytologic detail may not 
provide enough evidence to distinguish between 
lesions that are reactive or neoplastic (Chap.   9    ). 
Clinically many ocular lymphomas have an indo-
lent course with symptoms that mimic more rela-
tively benign processes. Due to these unavoidable 
shortcomings, diagnosis of ocular lymphomas 
can be a challenge; however, the use of ancillary 
tests using immunohistochemistry and molecular 
genetic studies certainly helps to pinpoint the cor-
rect diagnosis with considerable accuracy.  
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3.2     Ocular Adnexal Lymphoma 

 Primary lymphoma of the ocular adnexa may 
involve the lacrimal glands, eyelids, or con-
junctiva in the anterior orbital compartment and 
can also occur in the retrobulbar compartment. 
Lymphomas of the ocular adnexa represent 
between 10 and 15 % of tumors arising within 
the orbit, eyelids, conjunctiva, and lacrimal sac 
(Spraul and Grossniklaus  1997 ), making them a 
far more common location for this entity than an 
intraocular location. However, ocular lymphomas 
only account for about 5–10 % of all extranodal 
lymphomas (Freeman et al.  1972 ). In western 
countries, the incidence of non- Hodgkin’s lym-
phomas, which are the predominant type of lym-
phoma found in the ocular region, has increased 
markedly in the last few decades (Groves et al. 
 2000 ; Clarke and Glaser  2002 ). 

 A study by Fung et al reported that the sub-
types of ocular adnexal lymphoma varied 
depending on whether they were primary or sec-
ondary neoplasms (Fung et al.  2003 ). For primary 
lymphomas, in order of decreasing incidence, 
mucosa-associated lymphoid tissue (MALT) was 
most common (57 %), followed by follicular 
(18 %), DLBCL (11 %), low-grade lymphomas 
not specifi ed (7 %), and mantle cell lymphoma 
(4 %), with Burkitt’s lymphoma, chronic lympho-
cytic leukemia, and others making up the remain-
ing 3 %. For secondary neoplasms, follicular was 
most common (36 %), followed closely by man-
tle cell lymphoma (29 %) and then chronic lym-
phocytic leukemia and low-grade lymphoma not 
specifi ed (both 14 %) and then DLBCL (7 %). 
Interestingly, no MALT lymphomas were found 
in the secondary neoplasms category.  

3.3     Extranodal Marginal Zone 
Lymphoma 

 MALT lymphomas are the most common sub-
type of ocular adnexal lymphoma and are also the 
most common cause of primary choroidal lym-
phoma (Coupland and Damato  2008 ). Although 
MALT lymphoma suggests that the lymphoma 
arises in an epithelium tissue, this cannot be said 

for this subtype when it arises in the retrobulbar 
compartment. As such, the term extranodal mar-
ginal zone lymphoma (EMZL) is more accurate; 
however, the majority of research studies involv-
ing this subtype in the orbital compartment use 
the term MALT (in particular due to the fact the 
MALT1 gene is often involved). Here it will be 
referred to as EMZL. 

 Elsewhere in the body, EMZL have been 
found to arise in the presence of chronic 
 antigenic stimulation through infection by vari-
ous pathogens (Wotherspoon et al.  1991 ; Cerroni 
et al.  1997 ; Lecuit et al.  2004 ). In the eye, an 
association between Chlamydophila psittaci 
(Cp) and EMZL has been made (Ferreri et al. 
 2004 ; Collina et al.  2012 ), but the strength of 
this relationship has been questioned due to 
variability from studies undertaken in differ-
ent geographic locations (Chanudet et al.  2006 ; 
Decaudin et al.  2008 ; Carugi et al.  2010 ). In con-
cordance with studies of treatment of antigenic 
stimuli in EMZL from other body locations, a 
study by Ferreri et al has found that treating Cp+ 
patients with EMZL for the infection improved 
outcome (Ferreri et al.  2012 ). 

 EMZL characteristically reveal an expanded 
marginal zone, which contains small B-cells 
made of monocytoid- and centrocyte-like cells, 
small lymphocytes, immunoblasts, and few 
mitotic fi gures (Chap.   2    ). Immunohistochemistry 
profi ling reveals CD20+, CD43+/−, CD79+, and 
BCL2+ with monotypical proliferations of Ig 
heavy/light chains (most commonly IgM or IgK). 
CD5, CD10, CD23, BCL6, and cyclin-D1 are 
typically negative and that Ki67 shows a low 
growth fraction (Fig.  3.1 ) (Coupland  2013 ).

3.4        Follicular Lymphoma 

 Follicular lymphoma (FL) is a large-cell lym-
phoma of the orbit. It represents approximately 
30 % of all B-cell NHL (Leich et al.  2009 ); how-
ever, in the orbit it is extremely rare, comprising 
about 1 % of OAL. Although initially indolent, 
this lymphoma tends to recur and after some 
time becomes refractory to treatment, in some 
cases (10–70 %, with a risk of 3 % per year) 
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 transforming to DLBCL, thus making it a 
very aggressive lymphoproliferative disease 
(Freedman  2005 ; Montoto and Fitzgibbon  2011 ). 
Follicular lymphoma has been categorized into 
grades I–III by the WHO c lassifi cation, based on 
the number of centroblasts counted per high-
power fi eld in the lesion (Swerdlow et al.  2008a ). 
Grades I–IIIa have both centrocytes and centro-
blasts, whereas grade IIIb consists only of sheets 
of centroblasts and is considered a much more 
aggressive form of FL (Ott et al.  2002 ). Follicular 
lymphoma is considered to be a germinal-center-
derived neoplasm due to its atypical follicular 
structures that are characteristic of this entity 
typically expressing CD10, CD19, CD20, BCL-
2, BCL-6, and immunoglobulin light chain while 

being negative for CD5 and CD23 (Fig.  3.2 ). In 
80–100 % of cases in North America and Europe, 
the molecular defect in FL has been found to be 
t(14;18)(q32;q21) (Biagi and Seymour  2002 ), 
where the BCL-2 gene is apposed to the IgH 
gene, resulting in the enhancement and dysregu-
lation of BCL-2. This leads to high levels of 
functional BCL-2, which subsequently leads to 
inhibition of apoptosis. Over 90 % of indolent FL 
have been found to express high levels of BCL-2 
(Zha et al.  2004 ). FL can be subdivided into 
grades I–IIIb. Studies have reported that t(14;18) 
is present in grades I, II, and IIIa FL but often 
lacking in grade IIIb. Those grade IIIb cases of 
FL negative for t(14;18) have been found to have 
a unique 3q27 aberration instead (Bosga-Bouwer 
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  Fig. 3.1    Extranodal marginal zone lymphoma (MALT 
type) is composed of small round lymphocytes and larger 
lymphocytes with open chromatin and prominent nucleoli 
( a , H&E at 250×). Immunostains are positive for CD20 in 

many lymphocytes ( b , 100×), for CD5 in scattered lym-
phocytes ( c ), for CD3 in scattered lymphocytes ( d , 100×), 
for BCL2 in many lymphocytes ( e , 100×), and CD45 
(LCA, 100×) for numerous lymphocytes ( f , 100×)       
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et al.  2003 ). Furthermore, FL has been found to 
occasionally have a rearranged BCL-6 instead of 
BCL-2 (Jardin et al.  2002 ). Several studies found 
that when immunostaining was positive for 
BCL-2 and CD10, a FISH analysis would reveal 
a t(14;18) aberration in virtually every case 
(Godon et al.  2003 ; Sekiguchi et al.  2005 ) 
(Fig.  3.3 ).

3.5         Mantle Cell Lymphoma 

 Mantle cell lymphoma (MCL) typically shows 
multiple lymph node and bone marrow involve-
ment and has a clear male predominance (Banks 
et al.  1992 ). It is characterized by a poor progno-
sis and short survival time. MCL is hard to distin-
guish from the more indolent lymphomas such as 
MALT and follicular lymphoma, using histopa-
thology and immunophenotyping alone 
(Coupland et al.  2004b ; Ferry et al.  2007 ). The 
use of genetic testing to elucidate the exact nature 
of the lymphoma is therefore extremely impor-
tant in risk management and prognostication. 
Vaandrager et al used FISH to determine that 

MCL showed a t(11;14)(q13;q32) translocation 
in over 95 % of cases (Vaandrager et al.  1996 ). 
As a result of this translocation, the IGH gene 
promoter on 14q32 apposes with the cyclin-D1 
gene on 11q13, leading to marked overexpression 
of cyclin-D1. Li et al found that FISH was far 
superior to both cytogenetic testing and PCR in 
the detection of this translocation (Li et al.  1999 ). 

 Mantle cell lymphoma characteristically 
reveals monomorphic small-to-medium-sized 
cells with a CD5+, CD10−, and CD23− phe-
notype, with cyclin-D1 rearrangement and its 
nuclear expression considered the hallmark for 
MCL diagnosis (Swerdlow et al.  2008b ). Looi 
et al assessed at MCL in the ocular adnexal 
region and found that 30 % of the tumors failed 
to co- express CD5, a fi nding supported by other 
studies (Looi et al.  2005 ; Rasmussen et al.  2009 ). 
This is in contrast to MALT lymphomas which 
typically do not express CD5 and have an indo-
lent course. Several studies and reports have 
postulated that CD5 expression in MALT lym-
phomas is a marker for both earlier dissemi-
nation, most commonly to bone marrow, and 
aggressive disease course (Ferry et al.  1996 ; 
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  Fig. 3.2    Follicular lymphoma is composed of poorly 
formed follicles (*) surrounded by small round lympho-
cytes ( a , H&E, 100×). The follicular center lymphoma 
cells are large with large nuclei and prominent nucleoli ( b , 
 arrows  H&E, 250×). Occasional small round  lymphocytes 

stain for CD3 and are interspersed in between follicular 
centers (*  c , 100×). Occasional CD5-positive lympho-
cytes are present ( d , 100×). CD20 is positive in numer-
ous lymphocytes ( e , 100×). BCL2 is positive in numerous 
lymphocytes ( f , 100×)       
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Wenzel et al.  2001 ). In MCL where CD5 is much 
more  commonly found (>70 % of cases), its pres-
ence may confi rm the suspicion that CD5 posi-
tivity leads to a more aggressive lymphomatous 
entity. Rasmussen et al followed 21 patients with 
orbital and adnexal MCL and found that those 
treated with anti-CD20 therapy (Rituximab) had 
a signifi cantly better overall survival at 5 years 
compared to those who did not have adjunct anti-
CD20 chemotherapy (83 % vs. 8 %) (Rasmussen 
et al.  2009 ). 

 A recent review article by Seto looked at those 
cases of MCL which are cyclin-D1 negative (Seto 
 2013 ). Although cyclin-D1 negative MCL is rare, 
fi ndings reviewed in the Seto article reveal that 
the presence of a cyclin-D2 rearrangement indi-
cates a poor prognosis subtype that should be 
treated intensively (Figs.  3.4  and  3.5 ).

3.6         Diffuse Large B-Cell 
Lymphoma 

 Diffuse large B-cell lymphoma (DLBCL) is the 
most common form of NHL across all sites in the 
body, accounting for around 40 % of lymphomas 
(Coiffi er  2001 ). DLBCL is very much a hetero-
geneous entity with considerable variation seen 
in the clinical features, morphology, and genetics 
between cases (Swerdlow et al.  2008a ). As a con-
sequence of this, the response to chemotherapy is 
variable and diffi cult to predict. Several studies 
have attempted to elucidate the features, either 
clinical, morphological, or genetic that may 
improve prognostication. The WHO had outlined 
a classifi cation system for DLBCL in its 2001 
report (Jaffe et al.  2001 ). This recommendation 
included the use of a standard panel of antibodies 
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  Fig. 3.3    Follicular lymphoma: dual prognosis pathway. 
In the initial event, the presence of t(14;18), or similarly 
biologic genomic events, results in resistance of the B-cell 
to apoptosis in the absence of antigen ( A ). A prognostic 
dichotomy occurs at the second key juncture, where the 
development of secondary genomic alterations occurs ( B ). 
The poor prognosis pathway incurs genomic alterations 
which induce activation of the immune system (activated 
follicular dendritic cells and activated T-cells playing 
dominant roles) and also further infer genomic instabil-

ity of the cell, resulting in rapid transformation from fol-
licular lymphoma to DLBCL ( C ). The good prognosis 
pathway involves secondary genomic alterations which 
not only confer a more stable genomic state but also 
maintain follicular dendritic cells and T-cells in a resting 
state ( D ). As a result, genomic alterations accumulate at 
a slower rate making the follicular lymphoma cells rela-
tively resistant to transformation to DLBCL, thus afford-
ing a good prognosis. Modifi ed with permission from: de 
Jong ( 2005 )       
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MCL is characterized by monomorphic small to medium-sized lymphoid cells
with CD5+, CD10−, CD23− phenotype.2 CCND1 rearrangement and/or

CCND1 immunostaining is a hallmark of diagnosis.   

Seto M Blood 2013;121:1249-1250

Aggressive course

Monomorphic small to medium sized lymphoid cells
with CD5+, CD10-, CD23- phenotype

Most common MCL(80-90%) Indolent MCL
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SOX11 +
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CCND1 –

CCND2 +
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CCND1- Indolent MCL****
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CCND2 –
SOX11 –

Indolent course

  Fig. 3.4    Clinical and 
pathologic subtypes of mantle 
cell lymphoma. Reproduced 
with permission from: 
Seto (2013)       
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  Fig. 3.5    Mantle cell lymphoma is composed of sheets of 
round nuclei and a moderate amount of cytoplasm ( a , 
H&E 250×). Few lymphocytes stain for CD3 ( b , 100×). 
Many lymphocytes are positive for CD5 ( c , 100×) and for 

CD20 ( d , 100×). Occasional lymphocytes express 
Cyclin-D1 ( e , 100×). Numerous lymphocytes may stain 
for BCL2 ( f , 100×)       
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used in immunohistochemistry to confi rm a diag-
nosis of DLBCL, i.e., CD3, CD5, CD20, CD21, 
CD23, CD79a, and cyclin-D1. More recently the 
use of genetic testing to try and stratify DLBCL 
into prognostically valid subgroups has come to 
the forefront of research into this entity. There 
has been some suggestion from various studies 
that some DLBCL may arise from a preexisting 
MALT lymphoma. The chromosomal aberrations 
most commonly associated with DLBCL appear 
to be t(11;18), t(3;14), and t(14;18) (Kramer 
et al.  1998 ; Alizadeh et al.  2000 ). Aneuploidy is 
a very common fi nding in DLBCL, with trisomy 
18 and to some extent trisomy 3 being the most 
prevalent. Chromosomal instability has been 
shown to be an important factor in the develop-
ment and aggressive nature of cancers that dis-
play aneuploidy, such as DLBCL (Carter et al. 
 2006 ; Weaver and Cleveland  2007 ). A paper 
by Bakhoum et al found that in patients with 
DLBCL, chromosomal instability  demonstrated 
a poor prognosis (Bakhoum et al.  2011 ). They 
found that a twofold increase in the frequency of 
aneuploidy in DLBCL led to a 24 % decrease in 
overall survival and a massive 48 % decrease in 
relapse-free survival after treatment. 

 Studies that evaluated the mRNA profi le of 
DLBCL found that those DLBCL with an mRNA 
profi le analogous to that of germinal-center 
B-cells (GCB) tended to have a more indolent 
course than in tumors with an mRNA profi le sim-
ilar to that in activated B-lymphocytes (ABC) 
(Alizadeh et al.  2000 ; Rosenwald et al.  2002 ; 
Chang et al.  2004 ; Berglund et al.  2005 ; Poulsen 
et al.  2005 ). A study by Hans et al used immuno-
histochemical markers to separate DLBCL into 
either germinal-center B-cell (GCB) or non-
germinal- center activated B-cell (ABC) subtypes 
(Hans et al.  2004 ). Using CD10, BCL-6, and 
MUM1, they were able to design an algorithm, 
which allowed discrimination of DLBCL into 
one of the two subtypes, and using this approach 
they found that GCB had a signifi cantly better 
prognosis than ABC DLBCL (Fig.  3.6a ). A simi-
lar approach was used by Muris et al who devel-
oped an algorithm for subgrouping of DLBCL 
using the immunohistochemical markers BCL-2, 
CD10, and MUM1 (Fig.  3.6b ) (Muris et al.  2006 ). 

Muris et al felt this choice of immune markers 
provided a more accurate way to subtype the 
DLBCL in a prognostically signifi cant way, fi nd-
ing that the difference between overall survivals 
of Group 1 and Group 2 DLBCL to be even 
higher than that found by Hans et al.

   A study by Sjo et al used immunohisto-
chemistry to try to profi le prognostic subgroups 
of DLBCL (Sjo et al.  2007 ). One hundred and 
eight cases of DLBCL (not ocular) were evalu-
ated using antibodies CD10, BCL-2, BCL-6, and 
MUM1, and the use of the two algorithms devel-
oped by Hans and Muris was employed. CD10 
and BCL-6 were found to relate to more favor-
able prognosis, whereas BCL-2 appeared to be 
a marker for adverse prognostic outcome. Sjo 
et al found that Hans’ algorithm which separated 
DLBCL into GCB-DLBCL or ABC-DLBCL 
showed a statistically signifi cant difference in the 
overall 5 year survival (43 % for GCB vs. 26 % in 
ABC,  P  = 0.001) that was greater than that found 
using the Muris stratifi cation of Group 1 versus 
Group 2 (35 % vs. 21 %,  P  = 0.02), revealing that 
the Hans algorithm did a slightly better job of dis-
tinguishing between low- and high-risk DLBCL. 
Furthermore, when Cox regression multivariate 
analysis was employed to establish which of the 
prognostic indicators including risk groups, anti-
body positivity, and Hans and Muris subtyping, 
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  Fig. 3.6    DLBCL subtype and group decision algorithm. 
( a ) Modifi ed with permission from: Hans et al. ( 2004 ) and 
( b ) from Muris et al. ( 2006 )       
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only the expression of BCL-6 retained prognos-
tic signifi cance ( P  = 0.30). A recently published 
study by Stacy et al, a retrospective multicenter 
case study of the clinical and immunohistochem-
ical features of 20 patients with orbital DLBCL, 
found that the clinical stage was the most helpful 
predictor of outcome, whereas the immunohis-
topathologic features, or combinations of bio-
markers, were not as useful for prognostication 
(Stacy et al.  2012 ). Immunohistochemistry using 
Bcl-6, CD5, CD10, CD20, FOXP1, GCET1, and 
MUM1 was utilized to differentiate between the 
ABC- and GCB- DLBCL subtypes; however, this 
categorization was found to have no correlation 
with outcome. 

 Chromosomal aberrations in DLBCL include 
both translocations and aneuploidy. Aneuploidy 
seems to be the more commonly found aberration, 
with trisomy of chromosomes 18 and/or 3 being 
most common in DLBCL as well as MALT lym-
phomas negative for the t(11;18) translocation. 
This has led to speculation that these numerical 
aberrations could be due to the transformation 
of a MALT lymphoma to DLBCL (Remstein 
et al.  2002 ). A Japanese study by Takada et al 
looked at 45 cases of lymphoproliferative disor-
ders of the ocular adnexa (Takada et al.  2003 ). 
Of these cases, two were classifi ed as DLBCL 
with MALT lymphoma and 12 of DLBCL only, 
the rest being MALT lymphomas or RLH. FISH 
and RT-PCR were used to identify the presence 
of t(11;18) as well as numerical aberrations of 
chromosomes 3, 7, 12, and 18. FISH found one 
of one tested case of DLBCL + MALT, and one 
of three cases tested of DLBCL only, to be posi-

tive for t(11;18). RT-PCR detected the t(11;18) 
aberration in 2 of 12 cases (17 %) of DLBCL 
without MALT lymphoma that were tested, one 
of which was the case detected by FISH. In 
total 2/14 cases (14 %) of DLBCL with/with-
out MALT lymphoma were found to harbor a 
t(11;18) aberration. Aneuploidy was observed 
in all cases of DLBCL examined by FISH, with 
trisomy 3 and both trisomy 18 and tetrasomy 18 
being discovered. As a result of this study, the 
group surmised that some DLBCL of the ocu-
lar adnexa may derive from MALT lymphomas 
(Fig.  3.7 ).

3.7        Intraocular Lymphoma 

 Primary intraocular lymphoma (PIOL) is a very 
rare type of neoplasm. It represents approxi-
mately 1 % of non-Hodgkin’s lymphomas, about 
1 % of intracranial tumors, and <1 % of all intra-
ocular tumors (Bardenstein  1998 ). PIOL is a 
rare subtype of primary central nervous system 
lymphoma (PCNSL) (Pe’er et al.  2009 ). PIOL 
fall into four different groups: vitreoretinal/reti-
nal lymphomas, choroidal lymphomas, iridial/
ciliary body lymphomas, and secondary uveal 
 lymphomas. The most common subtype of PIOL 
is diffuse large B-cell lymphoma (DLBCL), and 
rarely T-cell lymphomas can also occur (Hormigo 
et al.  2004 ). Bilateral involvement in PIOL occurs 
in about 80 % of cases (Levy-Clarke et al.  2005 ). 

 The causative factors or theories for the origin 
of PIOL have been postulated to range from 
chronic infection within the eye resulting in 

b ca

  Fig. 3.7    DLBCL is comprised of large, bizarre lympho-
cytes with high nuclear to cytoplasmic ratios and hyper-
chromatic nuclei ( a , H&E 250×). Occasional CD3-positive 

reactive lymphocytes may be present in the lesion ( b , 
100×). The large lymphoma cells stain for CD20 ( c , 100×)       
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 continuous antigenic stimulation to extra-global 
transformation resulting in malignant cells being 
trapped within the immune privileged confi nes of 
the intraocular environment.  

3.8     Vitreoretinal Lymphoma 

 Primary vitreoretinal lymphomas (PVRL) are 
generally high-grade B-cell malignancies and 
the most common presentation of PIOL. Diffuse 
large B-cell lymphoma (DLBCL) is the com-
monest subtype (Coupland and Damato  2008 ; 
Coupland et al.  2009 ), but a small number of 
both T-cell-rich B-cell lymphomas and T-cell 
lymphomas have also been described in the lit-
erature (Coupland et al.  1999 ,  2005 ; Cummings 
et al.  2005 ). PVRL is often diagnosed late as 
the condition masquerades as a chronic poste-

rior uveitis, with the unfortunate result that in 
approximately 65–90 % of patients with these 
malignancies, there is the subsequent develop-
ment of CNS lymphoma (Coupland et al.  2004a ). 
Diagnosis of primary vitreoretinal lymphomas 
is achieved by using a combination of histologic 
and immunohistochemical analyses (Fig.  3.8 ). 
Histopathological analysis can be diffi cult due 
to the often scanty hauls of lymphoma cells 
found in vitreous aspirates or retinal biopsies. 
Immunohistochemistry to indicate the presence 
of monoclonal populations is often more valu-
able. In addition to these two methods of diag-
nosis, the evaluation of interleukin levels may be 
used as an adjunct to aid diagnosis. Several stud-
ies have shown that an IL-10:IL-6 ratio >1 or an 
elevation of IL-10 levels in the intraocular fl uid 
is highly suggestive of B-cell PVRL (Chan et al. 
 1995 ; Wolf et al.  2003 ; Cassoux et al.  2007 ). 

a b

c d

  Fig. 3.8    Primary vitreoretinal lymphoma. There are 
large lymphoma cells present and scattered small round 
lymphocytes ( a , H&E 150×). The small round lympho-

cytes stain for CD3 ( b , 150×). The large lymphoma cells 
stain for CD20 ( c , 150×). Occasional macrophages are 
positive for CD68 ( d , 150×)       
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Molecular testing using microdissection fol-
lowed by PCR is used to determine the presence 
or absence of gene rearrangements, with a focus 
on the IgH gene rearrangement in B-cell lympho-
mas and T-cell receptor (TCR) gene rearrange-
ment in T-cell lymphomas (Shen et al.  1998 ).

3.9        Choroidal Lymphoma 

 Choroidal lymphomas can either be of primary 
or secondary origin; both are exceedingly rare. If 
there is no systemic disease evident at the time of 
diagnosis, the lesion is considered to be of primary 
choroidal origin. Primary choroidal lymphomas 
are typically low-grade B-cell lymphomas and 
fewer than a 100 cases have been reported in 
the literature (Coupland et al.  2002 ). Using the 
WHO lymphoma classifi cation, primary choroi-
dal lymphomas are typically classed as EMZL. 
The EMZL in the uvea are usually low grade with 
an indolent nature, and this initially led to the 
belief that these were not malignant neoplasms, 
but in fact a form of reactive  lymphoid hyper-
plasia. Using immunohistochemical analysis, 
several studies showed that this was not in fact 
the case, and these proliferations had monoclonal 
populations (Ben-Ezra et al.  1989 ; Cockerham 
et al.  2000 ; Coupland et al.  2002 ). The immuno-
phenotype is therefore similar to that of ocular 
adnexal EMZL with CD20+, CD43+, CD79a+, 
BCL-2+, IgM+, and low Ki-67 <15 % (Coupland 
and Damato  2006 ). As the putative cell of origin 
is the memory B-cell in the post-germinal center, 
there are likely to be genotypic changes such as 
t(11;18) or aneuploidy of chromosomes 3 and/or 
18 (Coupland and Damato  2008 ).  

3.10     Iris Lymphoma 

 Primary iridial lymphomas are very rare malig-
nancies and can be of either B- or T-cell origin. 
A review of the literature by Velez et al found 
163 cases of NHL of the CNS affecting the 
eye, of which only fi ve were found to have iris 
involvement and only one of those was suspected 
clinically, the rest being found on autopsy/enu-

cleation-confi rmed histopathology (Velez et al. 
 2000 ). The majority of primary iris lymphomas 
are high-grade malignancies with poor overall 
survival rates (Coupland and Damato  2008 ). 
A recent case series by Mashayeki et al reviewed 
14 cases of iris lymphoma in 13 patients 
(Mashayekhi et al.  2013 ). Of these, 6/13 were 
found to only have iris involvement with no evi-
dence of systemic lymphoma. The seven cases 
that had concomitant systemic involvement were 
all noted to have relatively aggressive forms of 
systemic lymphoma with large-cell lymphoma 
being the most common, a fi nding supported by 
several other studies (Duker et al.  1987 ; Goldey 
et al.  1989 ; Hykin et al.  1996 ; O’Keefe et al. 
 2002 ). The cases were all found to have B-cell 
lymphoma, apart from one case which revealed 
a T-cell iris lymphoma secondary to a systemic 
γδ-T-cell leukemia/lymphoma. A review of the 
literature found a few cases of iris T-cell lym-
phoma; some were primary in origin, and the 
secondary lymphomas were associated with var-
ious forms of systemic T-cell lymphoma, includ-
ing mycosis fungoides (Saga et al.  1984 ; Jensen 
et al.  1994 ; Shimonagano et al.  2006 ; Ralli et al. 
 2009 ). In addition to DLBCL and various T-cell 
lymphomas as the main lymphoma type in iris-
based lesions, mantle cell lymphoma has also 
been implicated in a case of secondary iris lym-
phoma (Economou et al.  2007 ). In view of these 
fi ndings, the immunohistochemistry needs to be 
targeted towards the systemic disease if there is 
any present; otherwise, the focus should be on 
intraocular DLBCL versus T-cell lymphoma. 
To date there are not any available studies in the 
literature that have investigated the genotypic 
variations of primary iris lymphomas, although 
again, one would expect to fi nd genotypic aber-
rations similar to those found in DLBCL or 
T-cell lymphoma.  

3.11     Ciliary Body Lymphoma 

 Primary ciliary body lymphoma is extremely 
rare, with only one known report in the literature 
(Coupland and Damato  2008 ). The case showed 
a predominantly B-cell type lymphoma that was 
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CD43 positive, with low Ki-67 rate of <5 %, and 
immunohistochemistry revealed monoclonality 
of IgM. Due to the rarity of this entity, no geno-
typic information is available.  

3.12     Rare Primary Intraocular 
Lymphoma 

 Primary intravascular lymphoma, previously 
known as malignant or neoplastic angioendothe-
liomatosis (NAE), is a very rare cause of PIOL. 
Characteristically, there are widespread intravas-
cular proliferations of malignant cells of endo-
thelial origin. Due to the pancorporeal nature of 
the disease, it has proved be rapidly fatal. An 
autopsy study by Elner et al looked at three cases 
of neoplastic angioendotheliomatosis, with eval-
uation of both the eyes and the central nervous 
system (Elner et al.  1986 ). All three cases 
revealed anaplastic cells in the intravascular 
space, and in two of the patients, massive extra-
vascular involvement was evident. A review of 
the literature revealed that ophthalmic manifesta-
tions are common in NAE; however, it has been 
typically reported from the point of view of cuta-
neous and central nervous system manifestations. 
Elner reported on three cases of NAE, all were 
elderly Caucasian males who complained of 
blurred vision, amongst other body symptoms. 
All three men expired from pancorporeal involve-
ment within 2 years of presentation. Several stud-
ies have shown that the tumor cells in NAE will 
stain positive with monoclonal antibodies to 
common leukocyte antigen (CLA) indicating that 
it is a type of extranodal lymphoma (Wrotnowski 
et al.  1985 ; Wick et al.  1986 ). Furthermore, the 
ABC immunoperoxidase technique has been 
shown to distinguish hematopoietic from non- 
hematopoietic neoplasms, using anti-CLA anti-
bodies in FFPE specimens (Kurtin and Pinkus 
 1985 ). 

 Human T-cell lymphotropic virus type 1 
(HTLV-1) is a single-stranded RNA retrovirus 
that has been established as a cause of a very rare 
ocular lymphoma – adult T-cell leukemia/lym-
phoma (ATL). HTLV-1 infection is endemic in 
the Caribbean Islands, Japan, South America, 

and Central Africa, with transmission through 
direct contact with bodily fl uids (Kumar et al. 
 1994 ; Liu et al.  2010 ). ATL is a CD4+ 
T-lymphocytic aggressive malignancy. A case 
report by Levy-Clarke described a 40-year-old 
Jamaican female who had complained of blurred 
vision in her left eye and clinically appeared to 
have a necrotizing retinal vasculitis (Levy-Clarke 
et al.  2002 ). She was investigated for various col-
lagen vascular diseases and treated with cortico-
steroids with no response. A retinal biopsy was 
eventually obtained and analyzed by PCR. The 
results revealed a TCRγ gene rearrangement con-
sistent with a T-cell lymphoid malignancy as well 
as the presence of the HTLV-1  pol  gene. 
Furthermore a complete blood count revealed a 
leukocytosis with elevated CD3+ and CD4+ 
T-cells and elevated T-cell-activated antigen 
cells. ATL is classifi ed into four subgroups, of 
which lymphoma is one subtype. The lymphoma 
subtype is the only one that does not demonstrate 
the fl ower cells on microscopic examination, and 
furthermore, it is resistant to chemotherapy and 
therefore has a very poor prognosis. This case 
clearly demonstrates the importance of accurate 
diagnosis with the use of molecular analysis by 
microdissection and PCR as ATL has often been 
reported to masquerade as other conditions. 
Alternative analysis, using a Southern blot tech-
nique on HTLV-1 proviral DNA, can be useful 
when nontraditional tissues such as the retina and 
uvea are involved (Shibata et al.  1997 ). Vitreous 
biopsy can be used to evaluate the soluble IL-2 
receptor alpha (sIL-2α) levels which may indi-
cate the presence of ocular infi ltration and aid 
prognostication (Sugita et al.  2006 ).  

3.13     Secondary Intraocular 
Lymphoma 

 Systemic dissemination of lymphoma to the 
intraocular space is usually limited to the choroid 
(Fredrick et al.  1989 ; Verbraeken et al.  1997 ; 
Hochman et al.  2001 ). Secondary choroidal lym-
phomas are usually DLBCL, although other 
types such as EMZL and Burkitt’s lymphoma can 
sometimes occur (Coupland and Damato  2008 ). 
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The immunophenotype and genotype would 
therefore depend on the nature of the systemic 
lymphoma infi ltrating the uvea/choroid.  

3.14     Laboratory Investigations 

3.14.1     Immunohistochemistry 

 Immunohistochemistry (IHC) and fl ow cytom-
etry (FC) are commonly used to determine 
the phenotype of a lymphoid proliferation 
using immunofl uorescent antibody markers. 
Immunohistochemistry involves placing the FFPE 
biopsy specimen on a glass slide and staining 
it with a panel of antibody markers for B- and 
T-lymphocytes, kappa and lambda light chains, 
natural killer cells, and macrophages. Flow 
cytometry is useful when there is a small biopsy 
specimen with fewer cells available for analysis, 
e.g., vitreous aspirates. The cells in the biopsy 
specimen are fi rstly stained with the appropri-
ate panel of antibody markers and then separated 
using a fl uorescence-activated cell sorter. 

 The benefi t of IHC is that it does not require 
specialized preparation of the tissue, and a 
formalin- fi xed paraffi n-embedded sample of the 
biopsy specimen can be used for analysis, while 
FC requires advance planning to supply a fresh 
unfi xed tissue specimen. With immunopheno-
typic studies the size of the antibody panel should 
be tailored to the size of the specimen and the 
nature of the tissue and the differential diagnoses. 
A judicious choice of antibodies to test in the 
panel should take into consideration cost, as a 
larger panel would cost more and not necessarily 
add more information, but bearing in mind a too 
small or narrow panel may miss key immunophe-
notypic features as may be the case in atypical 
presentations. FFPE IHC studies are popular due 
to several reasons: fi rstly, no special processing is 
required and they can be obtained from archived 
FFPE specimens; secondly, the architecture of 
the tissue remains intact, allowing cytologic eval-
uation of neoplastic and normal cells; and fi nally, 
the broad range of antibodies available for FFPE 
tissue include some that may not be available for 
FC evaluation. There are a few drawbacks to 

using FFPE IHC such as “background” staining 
and diffi culty with achieving satisfactory non- 
plasmacytic κ- or λ-staining. Quantifi cation of 
cell populations is also subjective. 

 Flow cytometry is a very commonly used 
adjunctive diagnostic test and has over recent 
years become more accurate both in terms of the 
range of available antibodies and fl uorochromes 
and the analysis software required to assess the 
sample (Swerdlow  2013 ). This is benefi cial when 
there is a small biopsy specimen, as the cells can 
be labeled with multiple antibodies simultane-
ously in the same tube, allowing at the very least 
a basic phenotype to be recognized. The software 
now available for analysis of the graphs produced 
by the FC studies is able to assess multiple phe-
notypes within a sample simultaneously and also 
provides information on the size and complexity 
of the cell populations in the specimen. These 
parameters allow the clinician to infer the pres-
ence of mono- or polyclonal proliferations. FC is 
especially useful when trying to diagnose the 
presence of neoplastic T-cells on a background of 
normal T-cells. FC is also the best method for 
evaluating antigen intensity, which can have 
prognostic signifi cance for some lymphomas. 
The main pitfalls of using FC are that architec-
tural features cannot be assessed and occasion-
ally the presence of an aberrant phenotype can be 
veiled by the normal cell population in the sus-
pension diluting the neoplastic population. 
Nonspecifi c staining can be mistakenly inter-
preted as normal, whereby it masks specifi c 
staining, or conversely be judged as positive for a 
neoplastic proliferation when it is not the case.  

3.14.2     Cytokine Analysis 

 Differential expression of cytokines in neoplastic 
versus infl ammatory processes has been the basis 
of many recent studies revealing that the ratio of 
interleukin IL-10 to IL-6 in vitreous fl uid can help 
determine between the two processes (Buggage 
et al.  1999a ,  b ; Cassoux et al.  2007 ; Ohta et al. 
 2009 ; Sugita et al.  2009 ; Kimura et al.  2012 ). 
Malignant cells produce IL-10 in great quantities, 
whereas IL-6 predominates in  infl ammatory 
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 processes (Coupland et al.  2004a ; Levy- Clarke 
et al.  2005 ; Choi et al.  2006 ; Sen et al.  2009 ). 
One study found that a ratio of IL-10:IL-6 
greater than 1 is strongly indicative of PIOL 
(Levy-Clarke et al.  2005 ); however, this should 
not be used as a diagnostic test but as an adjunct, 
providing supportive information to aid diagno-
sis. Utilizing cytokine analysis of a vitreous 
specimen has been shown to supportive evidence 
in the diagnosis of retinal PIOL (Chan et al. 
 1995 ; Cassoux et al.  2007 ). A high IL-10 to IL-6 
ratio from both vitreous aspirate and cerebrospi-
nal fl uid samples has revealed a correlation con-
sistent with large B-cell lymphoma (Whitcup 
et al.  1997 ). A study by Velez et al investigating 
iris involvement in PIOL actually found that use 
of cytokine analysis of aqueous humor found 
signifi cant levels of the cytokines there and thus 
may provide another useful and less invasive 
way of aiding diagnosis of intraocular lymphoma 
(Velez et al.  2000 ).  

3.14.3     Molecular Analysis 

 Polymerase chain reaction (PCR) is used to pro-
vide molecular analysis of suspected lymphoma 
tissue biopsies to obtain a diagnosis. In suspected 
B-cell lymphomas, the DNA is extracted from 
the B-lymphocytes and using PCR is amplifi ed, 
using primers which are directed to the CD3 IgH 
variable region which detects any clonal rear-
rangements of the IgH gene. In B-cell lympho-
mas, rearrangement of the immunoglobulin 
heavy chain (IgH) gene is strong supportive evi-
dence for diagnosis (Coupland et al.  2004a ; 
Levy-Clarke et al.  2005 ; Choi et al.  2006 ; Sen 
et al.  2009 ). B-cell proliferations can be analyzed 
for monoclonality by assessing the FR2/FR3 
gene loci (Sen et al.  2009 ). The benefi t of this 
method is that it allows the monoclonality of neo-
plastic processes to be identifi ed clearly, even 
when infl ammatory cells are present (which usu-
ally reveal polyclonal amplifi cation products). 
A  study by Chan et al of 50 cases of PIOL found 
that the CDR3 of the IgH gene showed 100 % 
monoclonality (Chan  2003 ). If a T-cell lym-
phoma is suspected, the PCR utilizes primers 

 targeted at the T-cell receptor gamma chain and 
TCR gene rearrangement studies are used to 
demonstrate monoclonality (Sen et al.  2009 ). 
Furthermore, PCR can be utilized to detect other 
chromosomal changes such as BCL-2 or BCL-6 
gene rearrangements in the DNA of cells.   

3.15     Molecular Genotyping 

 Molecular genetics of ocular lymphoma is a rela-
tively new and rapidly advancing fi eld. Over the 
last decade or so, the use of genetic profi ling in 
ocular lymphomas has enabled the delineation of 
genetics of specifi c ocular lymphoma subtypes, 
revealing both favorable and unfavorable charac-
teristics and allowing a greater understanding of 
the pathogenic mechanisms that result in the 
development of lymphoma within the ocular 
compartment. Of the ocular adnexal lymphomas, 
MALT lymphoma is by far the most common 
subtype, making up more than 50 % of lympho-
mas diagnosed in the ocular compartment (Cho 
et al.  2003 ; Ferry et al.  2007 ). The use of genome- 
wide expression profi ling (GEP) has found sev-
eral chromosomal aberrations associated with 
MALT lymphoma in the orbit: t(14;18)(q32;q21), 
t(11;18)(q21;q21), t(1;14)(p22;q32), and t(3;14)
(p14;q32). Each translocation involves either the 
immunoglobulin heavy chain gene (IgH) or the 
MALT1 gene being juxtaposed with another 
gene, leading to dysregulation of proteins which 
all target the NF-κB signaling pathway (Lucas 
et al.  2001 ). (For the other ocular adnexal lym-
phoma subtypes, similar translocations have been 
found.) Over 80 % of cases of follicular lym-
phoma in North America and Europe are found to 
carry the molecular defect t(14;18)(q32;q21) 
(Biagi and Seymour  2002 ). In mantle cell lym-
phoma, a t(11;14)(q13;q32) translocation was 
found in over 95 % of cases (Vaandrager et al. 
 1996 ). DLBCL is most commonly associated 
with t(11;18), t(3;14), and t(14;18) as well as 
being found to be a heterogeneously aneuploid 
tumor revealing trisomy 3 and/or trisomy 18 
(Kramer et al.  1998 ; Alizadeh et al.  2000 ). 

 Molecular studies using PCR techniques to 
look for B- or T-cell clonality have improved 
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 signifi cantly with the development of more spe-
cifi c primers. They do require knowledge of the 
technique and understanding of the signifi cance 
of test results in order to be able to interpret cor-
rectly. Molecular diagnostics should always be 
interpreted in the context of the histologic/cyto-
logic features and clinical information. A real 
risk is that the PCR results can be misleading, if 
a particular gene rearrangement is detected that 
may not necessarily be the one related to the neo-
plasm in question or if a clone is detected that 
may be masking another more important fi nding 
(Figs.  3.9  and  3.10 ).

3.15.1        t(11;18)(q21;q21) 

 This chromosomal aberration results in the API2 
gene found on chromosome 11 at location q21 
aligning with the MALT1 gene located on chro-
mosome 18 at the q21 locus (Dierlamm et al. 
 1999 ). The resulting fusion proteins FUS1 and 
FUS2 derived from the API2-MALT1 molecule 
are able to activate the NF-κB pathway as well 
as inhibiting p53-mediated apoptosis, unlike 
the individual genes alone (Uren et al.  2000 ; 
Stoffel et al.  2004 ). In MALT lymphomas of the 
gastrointestinal and pulmonary tracts, t(11;18)

  Fig. 3.9    Molecular mechanisms underlying the patho-
genesis of mucosa-associated lymphoid tissue (MALT) 
lymphomas with t(11;18), t(1;14), and t(14;18) transloca-
tions. Antigen stimulation and CD40 triggering synergize 
in nuclear factor kappa B (NF-κB) activation through for-
mation of CARMA1–BCL10–MALT1 ternary complex. 
BCL10 induces the oligomerization of MALT1, and acti-
vated MALT1 then induces the ubiquitination of NEMO, 
thereby ultimately leading to NF-B activation. It remains 
to be determined whether TRAF6 binds to the activated 
MALT1 and functions as a ubiquitin ligase for NEMO. In 
t(1;14) or t(14;18) MALT lymphoma cells, deregulated 
expression of BCL10 or MALT1 induces the ubiquitina-
tion of NEMO, resulting in NF-B activation. In t(11;18) 
MALT lymphoma cells, API2- MALT1 can bypass the 

normal BCL10–MALT1 signaling pathway, resulting in 
NF-B activation. Induced NF-B activation might contrib-
ute to expression of the target genes, including both API2 
and API2-MALT1 fusion genes, resulting in the enhance-
ment of antiapoptotic effect through a positive feedback-
loop pathway. Conversely, API2-MALT1 can exert an 
antiapoptotic effect through its direct interaction with 
apoptotic regulators, including Smac. It can thus be 
hypothesized that the antiapoptotic effect by API2-
MALT1 may be mediated through two signaling path-
ways: one mediated by its interaction with apoptotic 
regulators and the other mediated by the upregulation of 
apoptotic inhibitor genes. Reproduced with permission 
from: Nakagawa et al. ( 2006 )       
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(q21;q21) is the most commonly found chromo-
somal translocation (Streubel et al.  2004 ). In ocu-
lar lymphomas it is rarely found; however, one 
study by Ye et al found that t(11;18)(q21;q21) 
occurred in 19 % of conjunctival MALT lym-
phomas and 14 % of orbital MALT lymphomas 
(Ye et al.  2003a   ). Streubel et al tested 37 ocular 
adnexal lymphomas with FISH, of which only 1 
(3 %) was positive for t(11;18), and many other 
studies have found that this translocation has not 
been found in any of their ocular adnexal MALT 
lymphoma cases (Streubel et al.  2004 ; Remstein 
et al.  2006 ; Tanimoto et al.  2006 ). 

 One study by Remstein et al found that non- 
gastric MALT lymphomas with either t(11;18)+ 
status or aneuploidy were associated with an 
increased risk of recurrence (Remstein et al.  2002 ). 
This study looked at 133 primary MALT lympho-
mas, of which 24 were from the ocular adnexa, and 
using PCR and FISH investigated the translocation 
frequency of all four currently known transloca-
tions in MALT lymphomas. In concordance with 
other studies, they found that all the transloca-
tions were mutually exclusive, and aneuploidy was 
rarely found in t(11;18)+ MALT lymphomas. 

 The translocation t(11;18) is much more 
common in gastric MALT lymphomas; how-

ever, studies have shown that the translocation is 
associated with H. pylori-negative gastric 
MALT lymphoma (Ye et al.  2003b ) and that the 
translocation is seen at a very high frequency 
(75 %) in gastric MALT lymphoma that is resis-
tant to H. pylori eradication therapy (Liu et al. 
 2001a ). It is therefore likely that the presence of 
this translocation in gastric MALT lymphomas 
marks out more aggressive disease, and it may 
be that with further research into this transloca-
tion in the ocular adnexal area, similar correla-
tions could be made. An interesting study by 
Liu et al found that t(11;18) was signifi cantly 
associated with more advanced gastric MALT 
lymphomas, as was increased nuclear BCL-10 
expression (Liu et al.  2001b ). The correlation 
between the clinical stage of the gastric MALT 
lymphomas and their nuclear expression of 
BCL-10 was very signifi cant. Although t(11;18) 
results in the formation of fusion proteins from 
the linkage of API2- MALT1 and affects the 
NF-κB pathway in this manner, the possibility 
that a simultaneous nuclear BCL-10 overex-
pression causes dysregulation of apoptosis and 
the concomitant effect of these changes leads to 
a relatively more  aggressive disease course has 
to be considered.  

  Fig. 3.10    A model for subcellular localization of BCL10 
under various conditions. ( a ) Normal lymphocyte: BCL10 
is localized in the cytoplasm because nuclear BCL10 is 
exported by MALT1. ( b ) t(11;18) mucosa-associated 
lymphoid tissue (MALT) lymphoma: normal MALT1 
products are reduced by half because the translocated 
allele generates API2- MALT1. As the API2-MALT1 can-

not export nuclear BCL10, the reduction of normal 
MALT1 proteins will be less effi cient in the process of 
BCL10 export, thus resulting in nuclear retention of 
BCL10. ( c ) t(1;14) MALT lymphoma: overexpressed 
BCL10 results in nuclear retention because of a relative 
shortage of MALT1. Reproduced with permission from: 
Nakagawa et al. ( 2006 )       
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3.15.2     t(14;18)(q32;q21) 

 This translocation involves the IgH promoter on 
chromosome 14 at q32 being moved to the vicin-
ity of the MALT1 gene found on chromosome 18 
at the q21 locus. The juxtaposition of the IgH 
promoter with the MALT1 leads to dysregulation 
of MALT1 gene expression (Streubel et al.  2003 ). 
MALT1 works in conjunction with BCL-10 to 
augment the activation of the NF-κB pathway, 
leading to the development of lymphoma (Lucas 
et al.  2001 ). 

 Although it is the most frequently encoun-
tered translocation in ocular adnexal lymphomas, 
the frequency of t(14;18) varies in studies of ocu-
lar MALT lymphomas from 3 to 38 % (Streubel 
et al.  2003 ; Streubel et al.  2004 ; Tanimoto et al. 
 2006 ). The higher frequencies were detected in 
European and American studies, with the lowest 
frequencies coming from Japan. This consider-
able geographic variability in frequency of the 
t(14;18) translocation may refl ect variability in 
genetics or geographic pathogens. 

 A 2005 study by Ye et al investigated whether 
there was any correlation between cytoplasmic 
expression of BCL-10 or MALT1 and the t(14;18) 
translocation (Ye et al.  2005 ). They examined 423 
cases of MALT lymphoma, of which 73 were from 
the ocular adnexa. Of these, 7/73 were revealed to 
have t(11;18)+ and 5/73 were t(14;18)+. The study 
found that in all of the t(14:18)+ MALT lympho-
mas, the tumor cells showed a strong expression of 
cytoplasmic MALT1 and BCL-10 as tested by both 
immunohistochemistry and RT-PCR. They also 
found using RT-PCR that MALT1 mRNA expres-
sion was signifi cantly higher in t(14;18)+ MALT 
lymphomas than in those with other translocations 
or those negative for any of the studied transloca-
tions. Although MALT1 expression is expected to 
be high in this translocation due to the effect of the 
IgH promoter on the MALT1 gene, the strong cyto-
plasmic expression of BCL-10 was not expected, 
and the authors hypothesized that this may be due 
to MALT1 interacting with BCL-10 and stabiliz-
ing it in the cytoplasm, thus leading to high levels 
of it accumulating in the cytoplasm of the tumor 
cells within t(14;18)+ MALT lymphomas. They 
concluded that as strong cytoplasmic expression 
of MALT1 and BCL-10 was  characteristic of this 

translocation,  immunohistochemistry for these 
two markers could be used as an initial screening 
tool for this genetic aberration in a MALT lym-
phoma, with the utilization of an interphase FISH 
test for confi rmation.  

3.15.3     t(1;14)(p22;q32) 

 The t(1;14)(p22;32) translocation affords the 
conjunction of the IgH promoter located at p22 
on chromosome 1 with the BCL-10 gene found 
on chromosome 14 at the q32 locus. The result of 
this alignment is that the IgH promoter gene 
causes dysregulation of the BCL-10 gene, greatly 
increasing BCL-10 protein production (Lucas 
et al.  2001 ). A study by Wotherspoon et al looked 
at the molecular genetics of low-grade cases of 
MALT lymphoma with t(1;14)(p22;q32) and 
found that although these events were rare, they 
appeared to be recurrent (Wotherspoon et al. 
 1992 ). Further studies have found that the 1p22 
abnormality associated with this translocation 
confers a more aggressive disease course than the 
typically indolent path of these lymphomas 
(Franco et al.  2006 ). The BCL-10 gene regulates 
apoptosis. A study by Willis et al investigated the 
involvement of BCL-10 in t(1;14)(p22;q32) of 
MALT lymphomas (Willis et al.  1999 ). They 
transfected 293 cells with BCL-10 and found that 
wild-type BCL-10 induced apoptosis but acti-
vated the NF-κB pathway. However, when they 
transfected the cells with the truncated BCL-10 
gene (due to the t(1;14) translocation), they found 
that its NF-κB-activating properties remained 
intact; however, it did not exhibit any signifi cant 
proapoptotic activity. This study concluded that 
the full-length BCL-10 protein was not vital for 
NF-κB activation but was absolutely necessary 
for BCL-10 to maintain its apoptotic function. 
Furthermore, the truncated BCL-10 was found to 
manifestly increase the number of transformed 
cell colonies and hasten their development.  

3.15.4     t(3;14)(p14.1;q32) 

 Unlike the other translocations, t(3;14)(p14.1;q32) 
is found in DLBCL as well as MALT lymphomas 
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(Barrans et al.  2004 ; Brown et al.  2008 ). This 
translocation results in the IgH promoter gene 
exerting control over the forkhead box protein 1 
(FOXP1) gene which is located at p14.1 on chro-
mosome 3 (Streubel et al.  2005 ). The subsequent 
dysregulatory effect of IgH on the FOXP1 gene 
leads to overexpression of FOXP1. FOXP1 is 
considered to be an important component in 
B-cell development, thus overexpression of the 
protein inevitably leads to increased B-cell pro-
duction, and several studies have linked high 
FOXP1 expression to a poor prognosis in both 
MALT and DLBCL (Sagaert et al.  2006 ; Han 
et al.  2009 ; Jiang et al.  2012 ). One study by 
Streubel et al looked at the prevalence of t(3;14) 
in MALT lymphomas from different sites (e.g., 
ocular adnexa, skin, thyroid) (Streubel et al. 
 2005 ). Of a total 91 cases of MALT lymphoma 
that had tested negative for the other three trans-
locations, 9 (10 %) were found to harbor the 
t(3;14) abnormality. Of the 20 ocular adnexal 
cases, 4 (20 %) were found to have the transloca-
tion. The nine translocation positive cases were 
tested for the presence of other genetic aberra-
tions with the results revealing 5/9 cases also had 
trisomy 3, one case having tetrasomy 18, and one 
case revealing trisomy 22. Furthermore, a further 
38 MALT lymphomas that tested positive for one 
of the other translocations were all tested for the 
presence of t(3;14) and all found to be negative, 
indicating the mutually exclusive nature of the 
translocations.  

3.15.5     Aneuploidy 

 The incidence of aneuploidy in MALT lympho-
mas is higher than the incidence of chromosomal 
translocations. The most commonly seen chro-
mosomal aberrations in MALT lymphomas of the 
ocular adnexa involve chromosome 3 and/or 18. 
Typically these are trisomies, although tetrasomy 
of chromosome 18 has been noted. The incidence 
of trisomy 3 in MALT lymphomas from various 
tissue locations has been shown to have a high 
degree of variability, with incidence ranging from 
11 to 85 % (Schiby et al.  2007 ). In studies spe-
cifi c to ocular adnexal lymphomas, the frequency 
of aneuploidy appears much lower – the  incidence 

of trisomy 3 varying between 20 and 40 % and of 
trisomy 18 varying between 0 and 20 % 
(Matteucci et al.  2003 ). A review of 18 orbital 
lymphoid cell infi ltrates by Schiby et al found 
that 68.7 % of cases exhibited trisomy 3 and 
56.6 % had trisomy 18, and these numerical chro-
mosomal aberrations were more common than 
translocations in the series (Schiby et al.  2007 ). 
They also found that trisomy 18 always occurred 
with trisomy 3 in their series, hypothesizing that 
trisomy 18 may be a secondary genetic aberra-
tion. Additionally, they found that the transloca-
tions t(11;18) and t(14;18) did not occur in the 
presence of the numerical chromosomal aberra-
tions. This suggestion of possible mutual exclu-
sivity contradicts fi ndings from several other 
studies, which generally agree that concomitant 
chromosomal aberrations are rare with t(11;18) 
but are associated with t(14;18)+ MALT lympho-
mas (Schreuder et al.  2003 ; Streubel et al.  2003 ). 

 Tanimoto et al used FISH analysis to look at 
34 cases of primary ocular adnexal lymphoma 
(Tanimoto et al.  2006 ). They found a similarly 
high percentage of cases of aneuploidy – trisomy 
3 in 62 % of cases and trisomy 18 in 47 % of 
cases. This study also attempted to draw correla-
tions between the clinical and histopathological 
fi ndings and the genetic aberrations. They found 
that cases with trisomy 3 tended to occur in 
patients over the age of 50, whereas trisomy 18 
tended to be found in younger patients. In addi-
tion trisomy 18 tended to occur in female patients, 
with the conjunctiva being the most frequently 
involved site. In terms of histopathology, trisomy 
18 was signifi cantly associated with a lower 
degree of nodularity of the tumor and an abun-
dance of lymphoepithelial lesions. Furthermore, 
the cases in the study with trisomy 18 were found 
to have a signifi cantly reduced recurrence-free 
survival. They did not fi nd any associations 
between the presence of trisomy 3 in a tumor and 
its histopathological features.   

3.16     Summary 

 In the diagnosis of PIOL and ocular and adnexal 
masses where a malignant neoplasm is sus-
pected, histologic and cytologic evaluation is 
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considered the “gold standard.” Not only does it 
allow evaluation of the cells and tissues but also 
aids further treatment decisions, e.g., the need 
for further biopsy/excision or risk of metasta-
sis. Immunohistochemistry and fl ow cytometry 
are often readily available and can be helpful in 
delineating clonal populations. Although molec-
ular genotyping has allowed some risk stratifi ca-
tion and prognostication of ocular lymphomas, 
there is still a considerable amount of research 
to be undertaken in this area, particularly with 
regard to intraocular lymphomas. 

 In ocular adnexal lymphomas, the tissue biop-
sies usually provide adequate material for FFPE 
preparation; hence H&E and PAS for histologic 
and cytologic evaluation, coupled with immunos-
tains judiciously chosen depending on the micro-
scopic appearance of the tissue, should be the fi rst 
line in diagnosis. If there is suffi cient tissue, IHC/
FC can also be very useful, particularly in more 
ambiguous cases, e.g., DLBCL/MALT. PCR for 
molecular analysis may be of benefi t in some cases, 
for prognostic value as well as to aid treatment 
decisions, as shown by the previously mentioned 
study carried out by Tanimoto et al, where trisomy 
18 showed a signifi cantly reduced survival. 

 In PIOL, diagnostic vitrectomies often contain 
very limited amounts of cellular material. For 
this reason priority should be given to diagnostic 
histopathology and cytologic evaluation, with 
confi rmatory adjunct studies such as IHC and 
fl ow cytometry utilized should there be adequate 
biopsy material. There are few studies of molecu-
lar analysis of intraocular lymphomas, so the rel-
evance of this test may not be absolutely clear at 
this time. Cytokine analysis can be useful as an 
adjunct to other laboratory investigations; how-
ever, it is not considered a diagnostic test.     
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4.1            Incidence of NHL and OAL 

 The incidence of non-Hodgkin’s lymphoma 
(NHL) has doubled over the past two decades in 
the USA and most other Westernized countries 
(Groves et al.  2000 ; Howe et al.  2001 ; Clarke and 
Glaser  2002 ; Adamson et al.  2007 ). In the USA, 
the rates of NHL increased by 77 % in black males 
and by 53 % in white males and by 39 and 33 % 
among black and white females, respectively, 
from the early 1980s to the mid-1990s (Groves 
et al.  2000 ). Lymphoma has recently been esti-
mated to be the fi fth most common occurring 
cancer both in men and women in the USA, 
and there are approximately 19 new cases per 
100,000 persons in the USA each year (Greenlee 
et al.  2001 ; Fisher and Fisher  2004 ). The inci-
dence of systemic NHL is estimated to be 43,000 
cases per year in the USA, rising 4 % per year, 
and about one half of cases are thought to be due 
to changes in classifi cation as well as an increase 
in AIDS and better reporting tumor cases (Fisher 
and Fisher  2004 ; Bardenstein  2005 ). Similarly 
in European countries, the incidence of NHL 
was reported to be increased over 4 % annually 
between 1985 and 1992, with a higher rate of 
incidence in males than in females (Cartwright 

et al.  1999 ). More recently, trends of a  consistent 
increase in the estimated incidence of NHL in 
both sexes were found, alongside a decrease in 
HL in 13 European countries for which the regis-
try data are considered reliable over a suffi ciently 
extended time period (Adamson et al.  2007 ). 
This increase has been also found in Asia includ-
ing India, Japan, and Singapore and in South 
America including Brazil and Colombia (Devesa 
and Fears  1992 ). 

 The vast majority of lymphoproliferative 
lesions in the ocular adnexa are represented by 
the NHL group, whereas Hodgkin’s lymphoma 
rarely involves this area. The majority of OALs 
are B-cell NHL, and these are predominantly 
extranodal marginal zone lymphoma (ENMZL) 
of mucosa-associated lymphoid tissue (MALT) 
type (Bardenstein  2005 ; McKelvie et al.  2001 ; 
Coupland et al.  2002 ; Coupland and Damato 
 2006 ; Jakobiec  2008 ; Stefanovic and Lossos 
 2009 ; Lauer  2000 ). Data on incidence of OAL is 
relatively sparse. OALs are a heterogenous group 
of lymphomas, accounting for 8 % of extrano-
dal lymphoma (Freeman et al.  1972 ). Of the 314 
primary orbital malignancies identifi ed in the 
Florida Cancer Data System registry from 1981 
to 1993, 55 % of malignant orbital tumors were 
lymphoma, and lymphoma showed the greatest 
rise in annual incidence (Margo and Mulla  1998 ). 
From 1975 to 2001, there was a rapid and steady 
increase in incidence of ocular adnexal NHL, 
with annual increase of 6.2 and 6.5 % among 
white males and females, respectively, with 
no evidence of peaking from an incidence data 
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from 12 Surveillance, Epidemiology, and End 
Results (SEER) program (Moslehi et al.  2006 ). 
There was an increased incidence rate of OAL 
for whole Danish population from 1980 to 2005, 
corresponding to an annual average increase of 
3.4 % (Sjo  2009 ). 

 Of the 965 orbital space-occupying lesions, 
biopsied by Danish pathological departments 
during the period 1974–1997, the most frequent 
orbital lesion in adults was malignant lymphoma, 
accounting for 14.9 % (Johansen et al.  2000 ). 
Among 1,264 consecutive patients referred to an 
ocular oncology service in Wills Eye Hospital 
due to space-occupying orbital lesions over a 
30-year period, malignant lymphoma was the 
most common malignancy in older patients, rep-
resenting 10 % of cases (Shields et al.  2004 ). 

4.1.1     Primary and Secondary OAL 

 OAL is considered primary if the tumor involves 
the ocular adnexa alone and secondary if another 
site is involved by an identical type of lymphoma. 
While the most common primary OAL is the 
MALT-type lymphoma (Coupland et al.  1998 ), 
most of the secondary OALs are usually associ-
ated with more aggressive histologic subtypes 
(Esmaeli et al.  2002 ). 

 The majority of OALs are primary extranodal 
lymphomas, and secondary OALs with systemic 
lymphomas account for approximately 10–32 % 
in most series (McKelvie et al.  2001 ; Coupland 
et al.  1998 ; Knowles et al.  1990 ; Johnson et al. 
 1999 ; White et al.  1995 ; Jenkins et al.  2000 ; 
Fung et al.  2003 ; Meunier et al.  2004 ; Sullivan 
et al.  2005 ; Auw-Haedrich et al.  2001 ; Coupland 
et al.  2004 ; Cho et al.  2003 ; Ferry et al.  2007 ). In 
an autopsy series of 1,269 patients with systemic 
lymphoma, ocular adnexal involvement had 
developed in a total of 1.3 % (Rosenberg et al. 
 1961 ). Secondary ocular involvement occurs in 
approximately 2–5 % of patients with systemic 
NHL (Stefanovic and Lossos  2009 ; Bairey et al. 
 1994 ). The true incidence of secondary OAL 
may be underestimated and closely depends 
on the length of follow-up, as systemic NHL 
increases in incidence over time, with lymph 

nodes and bone marrow being the most common 
systemic locations.  

4.1.2     Age and Gender 

 Between 1978 and 1995, the annual age-adjusted 
incidence rates of NHL for white and black males 
were 17.1 and 11.5 per 100,000, respectively 
(Fisher and Fisher  2004 ). For white and black 
women, the rates were 12.6 and 7.4 per 100,000 
(Groves et al.  2000 ). Incidence of NHL rises 
exponentially with age. In persons over the age of 
65, the incidence of disease rapidly increases to 
68/100,000 (Fisher and Fisher  2004 ). 

 Patients presenting with OAL are mostly com-
monly seen in the fi fth to seventh decade of life 
(median age, -65 years), with female predomi-
nance (male/female = 1:1.5–2) (Coupland et al. 
 2002 ; Sjo  2009 ; Ferry et al.  2007 ; Bernardini and 
Bazzan  2007 ). OAL is reported as the most com-
mon orbital malignancy in senior adults more 
than 60 years of age, with an incidence of 24 % in 
this group of patients (Demirci et al.  2002 ). In 
contrast, studies in Korean populations reveal a 
signifi cantly younger age (median, -46 years) at 
time of diagnosis, with male rather than female 
predominance (Cho et al.  2003 ; Yoon et al.  2007 ; 
Oh and Kim  2007 ).  

4.1.3     Pathologic Features 

 More than 95 % are of B-cell origin, and 80 % are 
low-grade lymphomas. Burkitt’s and Hodgkin’s 
lymphomas in the ocular adnexa are rare except 
in endemic regions. ENMZL of MALT type is 
the most common subtype of primary OAL, 
accounting for 35–80 % of cases, followed by 
follicular lymphoma (McKelvie et al.  2001 ; 
Coupland et al.  1998 ; Knowles et al.  1990 ; 
Johnson et al.  1999 ; White et al.  1995 ; Jenkins 
et al.  2000 ; Fung et al.  2003 ; Meunier et al.  2004 ; 
Sullivan et al.  2005 ; Auw-Haedrich et al.  2001 ; 
Coupland et al.  2004 ; Cho et al.  2003 ; Ferry et al. 
 2007 ). The proportion of MALT lymphoma 
among primary OAL is reported higher (80–
90 %) in series from Japan and Korea and occurs 
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in younger patients (Cho et al.  2003 ; Yoon et al. 
 2007 ; Oh and Kim  2007 ; Tanimoto et al.  2007 ; 
Mannami et al.  2001 ). Follicular lymphoma and 
diffuse large B-cell lymphoma account for about 
20 and 8 % of primary OAL in most Western 
series, with very small percentages of mantle cell 
lymphoma, small lymphocytic lymphoma, and 
lymphoplasmacytic lymphoma (McKelvie et al. 
 2001 ; Coupland et al.  1998 ; Knowles et al.  1990 ; 
Johnson et al.  1999 ; White et al.  1995 ; Jenkins 
et al.  2000 ; Fung et al.  2003 ; Meunier et al.  2004 ; 
Sullivan et al.  2005 ; Auw-Haedrich et al.  2001 ; 
Coupland et al.  2004 ). T-cell lymphoma affecting 
ocular adnexal involvement is rare. Woog et al. 
reported eight patients with natural killer/T-cell 
lymphomas of the orbit reporting from multi-
centers, and they found that ocular involvement 
was mostly secondary to invasion from adjacent 
nasal or paranasal involvement with mortality of 
87.5 % (Woog et al.  2006 ).  

4.1.4     Anatomic Sites 

 Anatomic sites that are usually affected by OAL 
include the orbit, the lacrimal sac, the conjunc-
tiva, and/or the eyelids. OAL occurring in the 
orbit may affect the lacrimal gland, the extraocu-
lar muscles, and the orbital space diffusely. The    
frequency of involvement of periocular areas has 
been reported as 20–33 % in the conjunctiva, 
46–74 % in the orbit, and 5–20 % in the eyelid 
(McKelvie et al.  2001 ; Coupland et al.  1998 ; 
Knowles et al.  1990 ).  

4.1.5     Association with 
Immunodefi ciency 

 Lymphoma occurring in immunodefi ciency 
states is usually the high-grade B-cell type, 
involving extensive extranodal sites and associ-
ated with poor prognosis (Levine  1992 ). The 
incidence of lymphoma is found increased in 
 frequency in patients with acquired immunode-
fi ciency syndrome (AIDS). Orbital involvement 
of NHL has been reported in children and young 
male adults with AIDS, although rare in 

 incidence (Nadal et al.  1994 ; Reifl er et al.  1994 ; 
Antle et al.  1990 ).  

4.1.6     Association with 
Microorganism Infection 

 Several reports have established the relation-
ship between microorganism infection caus-
ing chronic antigen stimulation and lymphoma. 
Gastric MALT lymphomas were found to be 
associated with  Helicobacter pylori  infection 
in more than 90 % of cases (Wotherspoon et al. 
 1991 ). Treatment of antigenic instigation and 
gastritis with 1 week of triple antibiotic therapy 
seems to result in complete resolution of stage I 
lymphoma in more than 60 % of cases (Isaacson 
 1999 ). Using PCR amplifi cation and southern 
blot hybridization,  Helicobacter pylori  DNA 
was found in 4 of the 5 conjunctival MALT lym-
phoma cells (Chan et al.  2004 ). 

 A strong correlation between OAL and 
chronic infection by  Chlamydia psittaci  (Cp) has 
been reported. Studies from Italy showed  Cp  
DNA was detected by immunochemistry and 
PCR analysis in 87 % of the 40 specimens of 
MALT OAL, and complete or partial regression 
of the disease was demonstrated after Cp eradica-
tion in four of nine cases (Ferreri et al.  2004 ; 
 2005 ). Similar fi ndings were found in Korea, 
where Cp DNA was detected in 26/33 samples 
(79 %) (Yoo et al.  2007 ).    However, such an asso-
ciation was not found in cases of MALT OAL 
from South Florida and Rochester, New York, 
USA (Vargas et al.  2006 ; Rosado et al.  2006 ). In 
a report of PCR screening for infectious agents 
including Cp in 246 OAL of various subtypes 
from multiple countries, Cp was associated with 
MALT OAL, but that association was highly 
variable according to the geographical origin, 
with a frequency ranging from 11 % to nearly 
50 % in different geographical areas examined 
(Chanudet et al.  2006 ). The prevalence of Cp was 
signifi cantly higher in MALT lymphoma (22 %) 
than in non-lymphoproliferative disorder (10 %) 
and non-marginal zone lymphomas (9 %); how-
ever, the prevalence showed marked variation 
among the six geographical regions examined, 
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being most frequent in Germany (47 %) followed 
by the East Coast of the USA (35 %) and the 
Netherlands (29 %), but relatively low in Italy 
(13 %), the UK (12 %), and Southern China 
(11 %) (Chanudet et al.  2006 ). In a meta-analyses 
of the association between Cp and OAL and the 
response of OAL to antibiotics, of the 11 studies 
with 458 cases from ten different countries, over-
all Cp positivity was much low (23 %) and only 3 
out of 11 studies showed 90 % of Cp positivity, 
suggesting a high variability in the association 
between Cp and OAL across geographic regions 
and even between studies from the same geo-
graphical regions (Husain et al.  2007 ). 

 A pathogenic link between hepatitis C (HCV) 
and MALT lymphomas has been suggested 
(Ascoli et al.  1998 ), but there is still a contro-
versy. HCV seropositivity was detected in 13 % 
patients with OAL of MALT type, and HCV 
infection was signifi cantly associated with more 
disseminated disease and aggressive behavior in 
OAL (Ferreri et al.  2006 ). However, in another 
report in southern Switzerland, HCV infection 
was not correlated with MALT-type histology 
(Zucca et al.  2000 ).   

4.2     Primary Vitreoretinal 
Lymphoma 

 Primary vitreoretinal lymphoma (PVRL) is con-
sidered a variant of primary central nervous and 
has often been referred to as primary intraocular 
lymphoma (PIOL). It is mostly non-Hodgkin’s 
diffuse large B-cell lymphoma. The major 
lesions of PVRL, as its name implies, are in the 
vitreous and the retina, manifesting as diffuse vit-
reous opacities and multiple retinal or subretinal 
creamy white lesions. The association between 
PVRL and PCNSL can be variable as CNS dis-
ease can manifest before, simultaneously with, or 
after ocular presentation. Once CNV is involved, 
the disease is highly fatal. CNS involvement in 
patients with PVRL usually appears several years 
after ocular presentation, affecting 50–80 % of 
patients (Peterson et al.  1993 ; Deangelis and 
Hormigo  2004 ; Akpek et al.  1999 ). Conversely, 
in patients with PCNSL, 15–25 % show ocular 
involvement at the time of diagnosis and about 

25 % without ocular involvement will develop 
PVRL (Akpek et al.  1999 ; Rockwood et al.  1984 ; 
Chan  2003 ). 

 PVRL is one of the most important causes of 
masquerade syndrome, as it frequently masquer-
ades as posterior uveitis. In a review of 828 con-
secutive uveitis patients in a referral center, 40 
had masquerade syndromes. Of these 40, 13 were 
diagnosed with intraocular lymphoma, represent-
ing approximately 2 % of all uveitis and 33 % of 
masquerade syndromes (Rothova et al.  2001 ). 

4.2.1     Incidence 

 PCNSL is estimated to represent 3–4 % of newly 
diagnosed CNS tumors, 1 % of non-Hodgkin’s 
lymphoma, 1 % of intracranial tumors, and far 
less than 1 % of intraocular tumors (Hoffman 
et al.  2006 ; Bardenstein  1998 ). Age-adjusted 
incidence of PCNSL in the United States has 
been reported at 4–5 cases per million person- 
years or approximately 1,200 cases per year 
(Hoffman et al.  2006 ; Villano et al.  2011 ). In the 
United States, there has been a signifi cant 
increase in the incidence of PCNSL from the 
1960s, which peaked in the mid-1990s (Schabet 
 1999 ; Olson et al.  2002 ). According to National 
Cancer Institute Surveillance, Epidemiology, and 
End Results (SEER) database, the incidence of 
PCNSL rose from 0.27 per million in 1973 to10.0 
per million in early 1990s, indicating a more than 
30-fold increase in three decades (Schabet  1999 ; 
Corn et al.  1997 ). After its peak in the mid-1990s, 
there was a signifi cant decline in the incidence of 
PCNSL between 1995 and 1999, and then the 
incidence has been relatively stable in recent 
years (Fig.  4.1 ) (Villano et al.  2011 ). This rise 
and subsequent leveling off in incidence is gener-
ally attributed to the increased incidence of 
human immunodefi ciency virus (HIV)/AIDS and 
the subsequent development of highly active 
antiretroviral therapies (HAART) (Villano et al. 
 2011 ). PCNSL is one of the four AIDS-defi ning 
malignancies and HIV-infected patients carry a 
3,600-fold increased risk of developing the dis-
ease compared with general population (Cote 
et al.  1996 ). The risk increases with duration of 
the disease, which is about 8, 11, 20, and 57 % 
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within 1, 2, 3, and more years, respectively, fol-
lowing the diagnosis of AIDS (Schabet  1999 ). 
An association has been suggested between 
PCNSL in AIDS patients and infectious agents, 
especially Epstein-Barr virus (EBV). EBV is 

usually detected in tumor cells in AIDS-related 
PCNSL, but not in PCNSL in immunocompetent 
patients (Bashir et al.  1993 ). Incidence of PCNSL 
in AIDS patients has fallen following HAART, 
declining from 5.33 per 1,000 person-years 
between 1991 and 1994 (pre-HAART) to 0.32 
per 1,000 person-years after 1999 (post-HAART) 
according to one study (Wolf et al.  2005 ). There 
appears to be an increase in incidence of non- 
HIV/AIDS-related PCNSL as well, which is 
related to advanced age and improved diagnostic 
tools (Olson et al.  2002 ; Norden et al.  2011 ; 
Abrey  2009 ).

   The increase in incidence of PCNSL has not 
been observed in other geographic regions. It 
reportedly has increased in the UK (Lutz and 
Coleman  1994 ), the Netherlands (van der Sanden 
et al.  2002 ), Norway (Haldorsen et al.  2007 ), 
Korea (Suh et al.  2002 ), and Japan (Makino et al. 
 2006 ) but has remained stable in Canada (Hao 
et al.  1999 ), Denmark (Krogh-Jensen et al.  1995 ), 
Scotland (Yau et al.  1996 ), Hong Kong (Au et al. 
 2000 ), and India (Sarkar et al.  2005 ). Whether 
there exists a true regional difference in PCNSL 
incidence is unknown.  

4.2.2     Age 

 Advancing age is a risk factor for PCNSL, which 
can be attributed to a possible reduction in immu-
nological surveillance or an increased number of 
somatic mutations that accrue over a lifetime 
(Villano et al.  2011 ). PCNSL typically occurs in 
elderly individuals of 50–70 years of age (Abrey 
 2009 ; Au et al.  2000 ; Coupland and Damato 
 2008 ). The disease can present at a younger age 
in an immunocompromised population; the AIDS 
patients are usually diagnosed with PCNSL in 
their 30s (Schabet  1999 ).  

4.2.3     Gender 

 The incidence of PCNSL seems in general 
slightly higher in men (Villano et al.  2011 ; 
Schabet  1999 ; Abrey  2009 ), but some studies 
show no difference or higher incidence in women 
(Mochizuki and Singh  2009 ; Shibamoto et al. 
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  Fig. 4.1    Incidence rate trends over time for primary CNS 
lymphoma ( a ), by gender and race ( b ) and age group at 
diagnosis ( c ) (SEER, 1998–2008). Reproduced with per-
mission from Villano et al. ( 2011 )       
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 2008 ; Cassoux et al.  2000 ). There is a strong 
male predilection of 7.38:1 in AIDS patients in 
Western countries, where homosexual inter-
course is a major mode of transmission (Fine and 
Mayer  1993 ).  

4.2.4     Ethnicity 

 There is no defi nitive evidence for a racial differ-
ence in the incidence of PCNSL (Mochizuki and 
Singh  2009 ; Rubenstein et al.  2008 ; Surawicz 
et al.  1999 ). However, some studies suggest a 
slightly higher incidence in whites, especially in 
the elderly group (Villano et al.  2011 ; Abrey 
 2009 ). This may be consistent with lower inci-
dence of systemic lymphomas in blacks (Ghafoor 
et al.  2002 ). A recent analysis of SEER database 
showed that in patients younger than 50 years of 
age, black men had greater than twice the inci-
dence of white men (4.7 versus 2.2 per million 
person-years, respectively). However, this ratio 
was reversed in age group of 50 years or more, as 
white men had twice the incidence of black men 
(14.3 versus 5.7 per million person-years, respec-
tively) (Villano et al.  2011 ). This discrepancy 
may be attributed to the fact that HIV/AIDS usu-
ally affects young adults and blacks more than 
any other race groups in the United States (Morris 
et al.  2006 ).  

4.2.5     Immunodefi ciency 
and Immunosuppression 

 A strong risk factor for PCNSL is immuno-
defi ciency, which includes congenital disor-
ders, iatrogenic immunosuppression, and most 
importantly HIV infection, as described earlier. 
In organ transplant recipients, PCNSL is the 
second most common malignancy after skin 
cancer (Schabet  1999 ). Approximately 2 % 
of organ transplant recipients develop PCNSL 
(Patchell  1988 ). The risk increases with more 
intensive immunosuppressive treatment in these 
patients (Schabet  1999 ). Patients with con-
genital immune disorders carry a risk of 4 % to 
develop PCNSL (Schabet  1999 ). The median 

age at diagnosis in these patients is about 
10 years (Filipovich et al.  1987 ).   

4.3     Primary Uveal Lymphoma 

 The primary uveal lymphoma can be subdivided 
into iridal, ciliary body, and choroidal lympho-
mas. Primary choroidal lymphoma accounts for 
the most cases. The majority is low-grade B-cell 
lymphomas, most commonly extranodal mar-
ginal zone B-cell lymphoma (Coupland et al. 
 2002 ; Cockerham et al.  2000 ). It is believed that 
many cases that were diagnosed as reactive lym-
phoid hyperplasia in the past were in fact low- 
grade lymphoma, as they share similar clinical 
features (Cockerham et al.  2000 ). 

4.3.1     Incidence 

 The incidence of primary iridal and ciliary body 
lymphoma is unknown, as these tumors are 
exceptionally rare. Primary iridal lymphoma has 
been described in about ten cases (Coupland 
 2007 ). It appears that only one case of primary 
ciliary body lymphoma has been reported 
(Coupland and Damato  2008 ). Approximately 
70–80 cases of primary choroidal lymphoma 
have been reported in literature (Coupland  2007 ).  

4.3.2     Age and Gender 

 Primary choroidal lymphoma typically affects 
patients in the age of 50–60s and men are more 
frequently affected (Chute et al.  2012 ).   

4.4     Secondary Intraocular 
Manifestations of Systemic 
Lymphoma 

 Intraocular lymphoma secondary to disseminated 
systemic lymphoma most commonly affects the 
choroid, which can have a similar clinical presen-
tation to primary choroidal lymphoma (Coupland 
and Damato  2008 ). Retinal involvement without 
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choroidal infi ltration can occur, but very rarely 
(Coupland and Damato  2008 ). The most com-
mon systemic lymphoma subtype involving the 
choroid is diffuse large B-cell lymphoma, fol-
lowed by multiple myeloma, extramedullary 
plasmacytoma, lymphoplasmacytic lymphoma/
immunocytoma (including Waldenström’s mac-
roglobulinemia), and marginal zone B-cell lym-
phoma (MALT lymphoma) (Coupland and 
Damato  2008 ). Secondary iridal lymphoma is 
more common than primary iridal lymphoma 
(Coupland  2007 ). These can either be a second-
ary manifestation of primary choroidal lym-
phoma, PVRL/PCNSL, or systemic lymphoma.     
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5.1            Introduction 

 Ocular and adnexal lymphomas are grouped 
based upon their site of involvement and whether 
the disease is primary or secondary. Using this 
classifi cation scheme, ocular lymphoma can be 
subdivided into primary vitreoretinal lymphoma 
(PVRL), primary uveal lymphoma, and second-
ary intraocular manifestations of systemic lym-
phoma. By defi nition, adnexal lymphoma (OAL) 
affects the eyelids, conjunctiva, lacrimal appara-
tus, extraocular muscles, and the orbit. 

 The distinction between the forms of ocular 
and adnexal lymphoma is important as each var-
ies in its clinical course and response to treat-
ment. Among the ocular lymphomas, PVRL is 
an aggressive, high-grade malignancy with asso-
ciated central nervous system (CNS) involve-
ment, and median survival ranging from 1 to 
2 years depending on factors such as age and 
Karnofsky performance status (Abrey et al. 
 2006 ). In contrast, uveal lymphoma and OAL 
are typically low-grade lymphomas that behave 
in a more indolent manner (Coupland et al.  2004 ; 
Jenkins et al.  2000 ; Fung et al.  2003 ; McKelvie 
et al.  2001 ). The 10-year disease-specifi c mor-
tality for OAL is approximately 5–10 %.

(Coupland et al.  2004 ) The characteristics and 
clinical behavior of secondary intraocular lym-
phoma are dependent upon the morphologic and 
immunophenotypic features of the primary sys-
temic counterpart.  

5.2     Clinical Features 

5.2.1     Primary Vitreoretinal 
Lymphoma 

 PVRL is a variant of primary central nervous 
system lymphoma (PCNSL), which is most 
frequently a diffuse large B-cell lymphoma 
(DLBCL) associated with poor prognosis (Pe’er 
et al.  2009 ). Overall, PCNSL represents about 
1–2 % of all cases of lymphoma and 3–5 % 
of all primary CNS tumors (Olson et al.  2002 ; 
Ahluwalia and Peereboom  2010 ; Gerstner and 
Batchelor  2010 ). The association between 
PVRL and PCNSL is variable, with ocular dis-
ease manifesting prior to, following, or occur-
ring simultaneously with CNS presentation. 
Approximately 25 % of patients with PCNSL 
will have concomitant PVRL (Hochberg and 
Miller  1988 ). In contrast, 56–85 % of individu-
als with PVRL ultimately develop central ner-
vous system involvement. (Peterson et al.  1993 ; 
Cassoux et al.  2000 ; Char et al.  1988 ; Freeman 
et al.  1987 ). In immunocompetent individuals, 
the peak incidence of PVRL is during the fi fth 
to seventh decade, with a mean age of diagno-
sis of 60 years (Char et al.  1988 ; Whitcup et al. 
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 1993 ). Disease may occur at a younger age in 
the immunocompromised population (Babu 
et al.  2010 ). Although PVRL is most frequently 
DLBCL in origin, rare cases may be second-
ary to human T-cell lymphotropic virus type 1 
(HTLV-1) infection (Hochberg and Miller  1988 ; 
Marshall et al.  1998 ; Coupland et al.  2003 ) 
.PVRL arising in T-cells is composed of small-
sized lymphocytes (Choi et al.  2003 ). 

 The majority of symptomatic individu-
als present with a painless decrease in vision 
or fl oaters (Char et al.  1988 ). Those who are 
asymptomatic are often diagnosed when oph-
thalmic screening is performed in the setting 
of known PCNSL. The clinical fi ndings are 

 bilateral in 80 % of cases, but are frequently 
asymmetric (Peterson et al.  1993 ). The hallmark 
feature of PVRL on clinical examination is the 
presence of fi ne vitreous cells and subretinal 
pigment epithelium (RPE) deposits (Fig.  5.1 ). 
When present, focal, multifocal, or diffuse reti-
nal, choroidal, or chorioretinal infi ltrates are 
considered pathognomonic (Gass et al.  1984 ). 
Anterior segment fi ndings are nonspecifi c and 
include keratic precipitates, iris nodules, aque-
ous cells, and fl are (Rajagopal and Harbour 
 2011 ). Other less commonly reported features 
include perivasculitis (Char et al.  1988 ), reti-
nal artery occlusion (Gass and Trattler  1991 ), 
exudative retinal detachment (Michelson et al. 

a b

c d

  Fig. 5.1    A 70-year-old female presented with decreased 
visual acuity and fl oaters. On dilated fundus examination, 
vitreous haze and vitreous cellular condensations were 
observed ( a ). Extensive vitreous cells with associated 

retinal detachment as documented with B-scan ultraso-
nography ( b ). Subretinal yellow lesion ( c ) and a larger 
infi ltrative lesion in two different patients with primary 
vitreoretinal lymphoma ( d )       
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 1981 ), multifocal “punched-out” lesions at the 
level of the RPE (Lang et al.  1985 ), and optic 
atrophy (Purvin and Van Dyk  1984 ). Due to the 
nonspecifi c nature of ophthalmic manifesta-
tions, a diagnosis of PVRL is diffi cult to make 
on clinical grounds alone; therefore, delay in 
diagnosis is common. A duration of up to 
2 years between the initial presentation and his-
topathological confi rmation of PVRL has been 
reported (Freeman et al.  1987 ).

   When there is CNS disease, personality 
changes are a common presenting feature because 
the frontal lobe is the most frequently involved 
region of the brain. Seizures are rare. Unlike 
PVRL where delay in diagnosis is common, 
PCNSL is a rapidly growing tumor. Diagnosis 
is frequently made within a few months of the 
onset of symptoms. The brain, spinal cord, and 
meninges either separately or in various combi-
nations can be involved. Solitary involvement of 
the spinal cord is rarely observed. The lesions in 
the CNS tend to be periventricular in location, 
thus allowing access to cerebrospinal fl uid (CSF) 

and meninges (Fig.  5.2 ). Brain lesions can be 
multifocal, particularly in immunocompromised 
individuals (Table  5.1 ).

  Fig. 5.2    Magnetic resonance imaging (MRI) of the brain 
showed multiple periventricular lesions consistent with 
primary central nervous system lymphoma with vitreo-
retinal involvement       

   Table 5.1    Clinical features of various types of ocular and adnexal lymphoma   

 Lymphoma  Epidemiology  Laterality  Symptoms  Clinical features  Subtype  Morphology 

 Primary 
vitreoretinal 
lymphoma 

 50–70 years  Frequently 
bilateral 

 Decreased vision  Vitreous cells  DLBCL  Large cells 
 Floaters  Retinal/choroidal 

infi ltrates 
 Minimal 
cytoplasm 

 CNS involvement  Prominent 
nucleoli 

 Primary 
uveal 
lymphoma 

 M > F  Usually 
unilateral 

 Decreased vision  Clear vitreous  EMZL  Small 
centrocyte-like 
cells with 
variable 
plasmacellular 
differentiation 

 50–70 years  Metamorphopsia  Diffuse choroidal 
thickening 
 Exudative retinal 
detachment 

 Secondary 
intraocular 
lymphoma 

 Variable  Unilateral 
or bilateral 

 Decreased vision  Variable: choroidal 
thickening iris 
infi ltrates 
pseudohypopyon 
vitreous cells 

 Dependent 
on systemic 
NHL 

 Similar to 
systemic NHL 

 Ocular 
adnexal 
lymphoma 

 F > M  Unilateral 
or bilateral 

 Variable:
decreased vision 

 Conjunctival 
“salmon” patch 

 EMZL  Dependent upon 
lymphoma 
subtype  Proptosis  Ocular adnexal 

mass 
 Follicular 

 Ptosis  Extrascleral 
extension 

 DLBCL 
 Mantle cell 
 Lymphoplas-
macytic 

   M  males,  F  females,  DLBCL  diffuse large B-cell lymphoma,  EMZL  extranodal marginal zone lymphoma,  NHL  non-
Hodgkin’s lymphoma  
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5.2.2         Primary Uveal Lymphoma 

 Primary uveal lymphoma can be further subdi-
vided into primary choroidal, iridal, and ciliary 
body lymphoma. Primary choroidal lymphoma 
accounts for the majority of cases and is gen-
erally a low-grade B-cell lymphoma with a 
prolonged benign course. Histopathologically, 
choroidal lymphoma may be one of several 
 subtypes; extranodal marginal zone B-cell lym-
phoma (EMZL) is the predominant form, com-
prising 60–80 % of cases (Freeman et al.  1972 ). 
Primary iridal lymphomas may be of either 
B-cell or T-cell origin. The incidence of primar-
ily iridal and ciliary body lymphoma is unknown 
as these tumors have only been described in a 
handful of case reports. While also rare, primary 
choroidal lymphoma has been documented in the 
literature in approximately 70–80 case reports 
and small case series (Coupland  2007 ). The fol-
lowing discussion pertains to primary choroidal 
lymphoma. 

 Primary choroidal lymphoma is most com-
monly a unilateral process that predominantly 
affects men in the fi fth to seventh decade 
(Coupland et al.  2002 ). Initial symptoms 
may include recurrent episodes of painless, 

blurred vision and metamorphopsia  secondary 
to  exudative retinal detachment affecting the 
fovea. With advanced disease, patients may 
develop pain and severely reduced vision due 
to secondary angle- closure glaucoma and 
extensive retinal detachment respectively. 
When extraocular extension is present, propto-
sis and diplopia may occur. A classic feature 
is the presence of solitary or multiple yellow, 
creamy subretinal infi ltrates (Fig.  5.3 ). Notably, 
the vitreous remains clear due to the absence 
of cellular reaction. Ultimately, diffuse thick-
ening of the uveal tract develops and is often 
associated with exudative retinal detachment. 
In some cases, there may be episcleral exten-
sion appearing as a nonmobile orange to yellow 
“salmon” patch.

5.2.3        Secondary Ocular 
Manifestations of Systemic 
Lymphoma 

 Intraocular lymphoma secondary to dissemi-
nated systemic lymphoma most commonly 
affects the choroid. For this reason, second-
ary intraocular lymphoma can have a similar 

a b

  Fig. 5.3    A 45-year-old male patient with orbital fullness 
and redness OS ( a ). Fundus examination revealed bilat-
eral diffuse, ill-defi ned choroidal thickening in the 
 posterior pole extending into the macula of the left eye 
with yellow choroidal infi ltrates ( b ), which appeared 

 hypofl uorescent on indocyanine green angiography 
( c ). B-scan ultrasonography demonstrated diffuse thick-
ening of the choroid and extrascleral nodular extension 
( d ). Subsequent orbital biopsy revealed extranodal mar-
ginal zone lymphoma (MALT type)       
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clinical appearance to primary choroidal lym-
phoma (Coupland and Damato  2008 ). Spread 
to the retina without choroidal infiltration can 
rarely occur (Coupland and Damato  2008 ). 
Other atypical presentations of secondary 
intraocular lymphoma include pseudohypo-
pyon and iris infiltration (Shakin et al.  1988 ; 
Tranos et al.  2002 ). While exceedingly rare, 
iridal lymphoma secondary to systemic non- 
Hodgkin’s lymphoma is more common than 
primary iridal lymphoma (Coupland  2007 ). 
The most common subtype of systemic lym-
phoma that affects the eye is DLBCL. This is 
followed by multiple myeloma, extramedul-
lary plasmacytoma, lymphoplasmacytic lym-
phoma/immunocytoma, and EMZL (Coupland 
and Damato  2008 ). The morphologic and 
immunophenotypic features of secondary cho-
roidal lymphoma bear resemblance to their 
primary systemic counterpart.  

5.2.4     Ocular Adnexal Lymphoma 

 OAL encompasses a heterogeneous group of 
malignancies, the vast majority of which are 
of the non-Hodgkin’s type and are primarily of 
B-cell origin. Rarely, other forms such as 
T-cell (Ferry et al.  2007 ) and natural killer 
(NK)-cell lymphomas (Coupland et al.  1999 ; 

Mendenhall et al.  2006 ) can affect the ocular 
adnexal structures. The majority of OAL 
belong to one of five subtypes: EMZL, follicu-
lar lymphoma, DLBCL, mantle cell lym-
phoma, and lymphoplasmacytic lymphoma 
(Shields et al.  2001 ). Approximately 80 % are 
of the EMZL type (Freeman et al.  1972 ). 
Among affected sites, the frequencies of 
involvement are conjunctiva 20–33 %, orbit/
lacrimal gland 46–74 %, and eyelid 5–20 % 
(Coupland et al.  2004 ; Knowles et al.  1990 ). 
Disease may be limited to a single, localized 
tumor, or it may be multifocal. Overlap with 
ocular adnexal sites is common (10–20 % of 
cases), and coexisting uveal involvement has 
been observed (Fuller et al.  2008 ). OAL can 
also affect regional, central, and peripheral 
lymph nodes as well as other distant extrano-
dal sites. 

 OAL has a slight female predilection (60 % 
of cases in most series) (Shields et al.  2001 ). 
Individuals with OAL may present with a broad 
range of symptoms depending upon the site 
and extent of involvement. Common symp-
toms include a mass within the ocular adnexal 
structures, exophthalmos, ptosis, ophthalmople-
gia, pain, decreased vision, or diplopia. If the 
lacrimal gland is involved, dry eye symptoms 
may occur. On clinical examination, OAL has 
site-specifi c presentations that affect how the 

c d

Fig. 5.3 (continued)
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diagnosis is made. In the conjunctiva, lesions 
typically  present as a mass with a “salmon 
patch” appearance (Fig.  5.4 ). In the orbit, lac-
rimal gland, and eyelid, the lymphoma presents 
as a mass, which, if palpable, is typically fi rm. 
Mobility is variable depending upon attachment 
to other ocular adnexal structures. Diplopia may 
occur depending upon how rapidly the mass 
develops. Exophthalmos and decreased retropul-
sion of the globe may be the only clinical signs. 
Involvement of the nasolacrimal drainage system 
can occur. Compression or invasion of the optic 
nerve can lead to vision loss. Regardless of the 
clinical fi ndings, these features do not allow dis-
tinction of benign from malignant lymphoprolif-
erative disease.

5.3         Diagnostic Evaluation 

5.3.1     Primary Vitreoretinal 
Lymphoma 

 Diagnostic evaluation of PVRL should begin 
with a thorough history including not only ocular 
symptoms but also changes in cognitive function-
ing, neurological decline, and risk factors for 
immunocompromise. A complete ophthalmic 
examination of both the anterior and posterior 
segment is required to assess disease extent and 
laterality. Due to the high correlation between 
PVRL and PCNSL, all patients diagnosed with 
ocular disease should undergo systemic evalua-
tion by an experienced oncologist. Recommended 
testing includes gadolinium-enhanced MRI of 
the brain and spinal cord, CSF studies, complete 
blood count, and HIV testing when appropriate 
(Chap.   8    ). Similarly, periodic ophthalmic screen-
ing should be part of the diagnostic evaluation 
and subsequent management of individuals diag-
nosed with PCNSL. 

 In the setting of existing PCNSL, the diagno-
sis of PVRL with classic clinical fi ndings is 
straightforward, and biopsy of an ophthalmic site 
is unnecessary. In the absence of PCNSL, diag-
nosis of PVRL is based upon clinical, histopatho-
logical, and cytological features. Biopsy remains 
the gold standard and should be considered in 
middle-aged or elderly patients with “idiopathic” 
unilateral or bilateral recurrent uveitis, particu-
larly cases that are unresponsive to steroids 
(Table  5.2 ). Several techniques exist including 
vitreous biopsy, retinal biopsy, and subretinal 
biopsy (Chap.   6    ). Neoplastic cells can be identi-
fi ed by an experienced cytologist, using an array 
of techniques such as liquid-based cytology, 
cytospin, cell block preparations stained with 
modifi ed Papanicolaou, Giemsa, or standard 
hematoxylin and eosin stains. Proper surgical 
techniques and handling of the sample are critical 
as aspirates are generally of low cellularity and 
fragile lymphoma cells are prone to lysis during 
collection. Briefl y, for vitreous biopsy, an undi-
luted sample of approximately 1–2 mL is col-
lected prior to the start of the infusion (Coupland 
 2012 ). Next, a second diluted vitreous specimen 

a

b

  Fig. 5.4    Ocular adnexal lymphoma. Typical appearance 
of subconjunctival infi ltrate presenting as “salmon” patch 
( a ) and diffuse orbital extension without compression of 
the orbital structures ( b ). Bilateral asymmetric involve-
ment (milder OS)       
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using gentle vitreous cutting is obtained (Margolis 
et al.  2007 ). The vitreous cassette may be submit-
ted as a third sample (Yeh et al.  2010 ). In the 
presence of chorioretinal lesions, a chorioretinal 
or retinal biopsy may be required. Specimens 
should be delivered to the laboratory, without 
fi xative, within 1 h of surgery (Coupland  2012 ).

   Vitreous biopsy is not diagnostic in all cases; 
therefore, supplemental techniques can be helpful 
in confi rming the diagnosis. Briefl y, immunohis-
tochemistry is useful for identifying markers for 
leukocytes (CD45), B-cells (CD20, CD79a, PAX-
5), T-cells (CD45RO), and macrophages (CD68) 
(Chap.   2    ) (Coupland  2012 ). Clonality can be 
established using antibodies directed against κ 
and λ light chains (Freeman et al.  1987 ; Farkas 
et al.  2004 ). Flow cytometry provides a means of 
quantitatively assessing the proportion of cells 
that demonstrate these markers. Polymerase chain 

reaction (PCR) gene rearrangement studies can 
detect monoclonality of the heavy chain variable 
(V), diversity (D), and joining (J) immunoglobu-
lin gene segments (Chan  2007 ). Measurement of 
IL-6 and IL-10 in aqueous or vitreous fl uid can 
facilitate diagnosis, although an elevated IL-10/
IL-6 ratio is not specifi c for PVRL (Akpek et al. 
 1999 ). A comprehensive discussion of molecular 
techniques follows in Chap.   3    . 

 Diagnostic evaluation for CNS disease should 
include cranio-spinal MRI with gadolinium con-
trast. Cranial lesions appear as multiple isointense 
nodules on T1-MRI and demonstrate characteris-
tic dense and diffuse contrast enhancement. 
Meningeal enhancement with gadolinium is 
indicative of meningeal involvement. Many cen-
ters also perform computed tomography (CT) 
scans of the chest, abdomen, and pelvis to exclude 
systemic involvement or systemic origin of the 
CNS involvement. Visceral involvement is rare at 
the initial diagnosis but is not uncommon in the 
terminal stages. CSF studies should be performed 
in every patient with suspected or confi rmed 
PCNSL. Demonstration of malignant lympho-
cytes in the CSF is confi rmatory of the diagnosis 
and reveals lymphocytic pleocytosis, raised pro-
tein concentration, and normal or low glucose 
concentration. Testicular ultrasound examination 
is recommended in elderly patients because of fre-
quent CNS involvement in testicular lymphomas. 

 While defi nitive diagnosis of PVRL is based pre-
dominantly upon biopsy, ancillary imaging studies 
can be helpful in some cases. Fundus photography 
is useful for documenting initial clinical fi ndings 
and response to treatment. Fluorescein angiog-
raphy (FA) demonstrates characteristic features 
including granularity, blockage of fl uorescence, 
and late staining (Velez et al.  2002 ). These fi ndings 
have been shown to correlate with histopathologi-
cally observed lymphoma cells located between the 
RPE and Bruch’s membrane (Velez et al.  2002 ). 
Commonly observed features in uveitic processes 
such as perivascular staining, leakage, and cys-
toid macular edema are rarely observed in PVRL 
(Velez et al.  2002 ). When the angiographic fi ndings 
of 53 patients with biopsy confi rmed PVRL were 
compared to 133 patients with simulating condi-
tions (infectious uveitis, immune-mediated uveitis, 

   Table 5.2    Differential diagnosis of ocular and adnexal 
lymphomas   

 Lymphoma  Differential diagnosis 

 Primary vitreoretinal 
lymphoma 

 Sarcoidosis 
 Syphilis 
 Tuberculosis 
 Birdshot retinochoroidopathy 
 Multifocal chorioretinitis 
 Acute posterior multifocal 
placoid pigmentary 
epitheliopathy 
 Serpiginous choroiditis 
 Punctate inner choroidopathy 
 Toxoplasmosis 

 Primary uveal 
lymphoma 

 Posterior scleritis 
 Uveal metastases 
 Birdshot retinochoroidopathy 
 Diffuse uveal melanoma 
 Uveal effusion syndrome 

 Secondary intraocular 
lymphoma 

 Similar to primary choroidal 
lymphoma 

 Ocular adnexal 
lymphoma 

 Extensive including: 
 Benign reactive lymphoid 
hyperplasia 
 Epithelial tumors 
 Melanocytic tumors 
 Infectious lesions 
 Metastases 
 Dacryoadenitis 
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and systemic metastases), clusters of small, round, 
hypofl uorescent lesions (50–250 μm in diameter) 
were visualized in the posterior pole throughout 
the early to late phase of the angiogram in 45 % of 
PVRL patients, whereas these fi ndings were pres-
ent in only 2 % of non- lymphoma cases ( p  < 0.001) 
(Fardeau et al.  2009 ). In this same series, indo-
cyanine green (ICG) angiography demonstrated 
distinct fundus features in those with PVRL in 
comparison to patients with simulating uveitic 
conditions. Small, round hypofl uorescent lesions 
which disappear in the late phase of the angio-
gram were observed in 26 % of individuals with 
PVRL compared to only 9 % of non-lymphoma 
cases ( p  = 0.014) (Fardeau et al.  2009 ). Optical 
coherence tomography (OCT) performed for this 
series demonstrated hyperrefl ective, nodular RPE 
lesions in 42 % of patients with PVRL compared 
to only 15 % of those with non-lymphoma diag-
noses ( p  = 0.076) (Fardeau et al.  2009 ). Macular 
OCT has revealed that foveal thickness is typically 
near normal in patients with PVRL (mean 231 μm, 
standard deviation 45 μm), compared to those with 

 simulating uveitic processes in which foveal thick-
ness is more likely to be increased due to infl am-
matory edema (mean 327 μm, standard deviation 
114 μm) ( p  < 0.001) (Fardeau et al.  2009 ). Fundus 
autofl uorescence (FAF) may also highlight several 
clinical features. In a small series of 5 eyes, sub-
RPE infi ltrates demonstrated weak autofl uores-
cence by FAF (Ishida et al.  2010 ). Brown clumps 
on the surface of these lesions exhibited bright auto-
fl uorescence. In contrast, diffuse retinal infi ltrates, 
which appear as retinal whitening, displayed hypo-
fl uorescence by FAF. This method is useful in char-
acterizing regions of RPE atrophy, which appear 
hypofl uorescent following treatment and resolution 
of active disease (Table  5.3 ) (Ishida et al.  2010 ).

5.3.2        Primary Uveal Lymphoma 

 Several imaging studies are useful for establish-
ing the diagnosis of primary uveal lymphoma. 
B-scan ultrasonography typically reveals choroi-
dal thickening with low echogenicity (Fig.  5.3 ). 

   Table 5.3    Ancillary imaging studies for various types of ocular and adnexal lymphoma   

 Lymphoma 
 B-scan 
ultrasonography  FA  ICG  CT  MRI 

 Primary 
vitreoretinal 
lymphoma 

 Vitreous debris  Small, round, 
hypofl uorescent 
lesions 

 Small, round, 
hypofl uorescent 
lesions which 
disappear in the 
late phase 

 CT of the chest, 
abdomen, and 
pelvis may detect 
systemic origin in 
some cases 

 Cranial lesions: 
multiple 
isointense 
periventricular 
lesions on 
T1-MRI 

 Primary uveal 
lymphoma 

 Choroidal 
thickening 

 Early 
hypofl uorescence 
with multiple foci of 
hyperfl uorescence 
and staining in the 
late phase 

 Multiple, round, 
hypofl uorescent 
lesions 

 Choroidal 
thickening 

 Choroidal 
thickening 

 Low 
echogenicity 

 Decreased size of 
vitreous cavity 

 Decreased size of 
vitreous cavity 

 Extrascleral 
extension 

 Calcifi cation 
absent 

 Calcifi cation 
absent 

 Secondary 
intraocular 
lymphoma 

 Choroidal 
thickening 

 Similar to primary 
uveal lymphoma 

 Similar to 
primary uveal 
lymphoma 

 Similar to 
primary uveal 
lymphoma 

 Similar to primary 
uveal lymphoma 

 Low 
echogenicity 

 Ocular adnexal 
lymphoma 

 Extrascleral 
extension 

 Early 
hyperfl uorescence, 
hypofl uorescent 
spots, choroidal 
folds, or normal 

 Multiple, round, 
hypofl uorescent 
lesions when 
uveal 
involvement is 
present 

 Enhancing 
lesions (discrete 
or diffuse) that 
mold to the globe 
or orbit 

 Enhancing lesions 
(discrete or diffuse) 
that mold to the 
globe or orbit 

 Orbital mass 

   FA  fl uorescein angiography,  ICG  indocyanine green angiography,  CT  computed tomography,  MRI  magnetic resonance 
imaging  
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B-scan ultrasonography is also useful for detect-
ing occult disease, particularly in the fellow eye, 
as extrascleral extension in the form of crescentic 
thickening or a discrete mass is not uncommon. 
The rate of extrascleral extension has been 
reported to be as high as 84.6 % in some series 
(Coupland et al.  2002 ). CT and MRI of the globes 
confi rm choroidal thickening with a correspond-
ing decrease in the size of the vitreous cavity. 
Calcifi cation is absent. FA demonstrates early 
hypofl uorescence with multiple foci of hyperfl u-
orescence and staining in the late phase. These 
angiographic features correlate with choroidal 
infi ltrates observed clinically by ophthalmos-
copy. ICG angiography provides superior charac-
terization of the choroidal vasculature in 
comparison to FA and is therefore preferable in 
cases of primary uveal lymphoma (Fig.  5.3 ) 
(Saatci et al.  2006 ). Multiple, round, hypofl uo-
rescent lesions are typically present and corre-
spond to areas of non-perfusion secondary to 
space-occupying choroidal infi ltrates. 

 Biopsy of episcleral tumor nodules and cho-
roidal aspirates may also aid in the diagnosis. 
Histopathologically, the features of primary 
uveal lymphoma are similar to EMZL located 
elsewhere in the body. The cells are generally of 
the centrocyte-like, monocytoid, and plasmacy-
toid type. Dutcher bodies, or collections of intra-
nuclear immunoglobulin, can often be observed. 
Immunohistochemistry confi rms the expression 
of B-cell antigens (CD20 and CD-79a). Gene 
rearrangement studies or fl ow cytometry sup-
ports the clonality and neoplastic nature of these 
B-cells. 

 Before initiating localized treatment for pri-
mary uveal lymphoma, it is essential to perform 
systemic studies to exclude the possibility of sys-
temic lymphoma. Recommended testing includes 
CT of the chest, abdomen, and pelvis, complete 
blood count, and serum protein electrophoresis 
(Augsburger and Greatrex  1989 ). Once disease is 
confi rmed to be limited to the uvea, management 
consists of low-dose external beam radiotherapy 
(EBRT) administered over several fractions 
(Augsburger and Greatrex  1989 ). Intravenous 
administration of rituximab is an alternative ther-
apy in cases with bilateral disease. While primary 

uveal lymphoma typically follows a less aggres-
sive course than primary vitreoretinal lymphoma, 
staging at the time of diagnosis and continued 
systemic surveillance are important in disease 
management.  

5.3.3     Secondary Ocular 
Manifestations of Systemic 
Lymphoma 

 As intraocular lymphoma secondary to dissemi-
nated systemic lymphoma most commonly 
affects the choroid, the clinical appearance and 
fi ndings on ancillary imaging studies are similar 
to those observed in primary choroidal lym-
phoma. B-scan ultrasonography typically reveals 
choroidal thickening with low echogenicity. The 
choroidal thickening can also be visualized on 
CT and MRI of the globes. Similarly to choroidal 
lymphoma, calcifi cation is absent. Biopsy dem-
onstrates morphologic and immunophenotypic 
features of secondary choroidal lymphoma 
resembling the primary systemic counterpart. 
Staging evaluation and close collaboration with 
an experienced oncologist are critical in the man-
agement of patients with systemic lymphoma 
with intraocular involvement.  

5.3.4     Ocular Adnexal Lymphoma 

 Diagnostic evaluation of OAL begins with a thor-
ough ocular examination to assess laterality and 
extent of disease involvement. OAL may be multi-
focal and can involve contiguous ocular adnexal 
structures. It is also not uncommon to fi nd coexist-
ing uveal lymphoma (Fuller et al.  2008 ; 
Grossniklaus et al.  1998 ; Baryla et al.  2012 ; Sarraf 
et al.  2005 ; Tagami et al.  2011 ). Complete ophthal-
mic examination should therefore be performed 
and should include external inspection for regional 
lymph node involvement, bilateral dilated fundus 
examination, motility testing, and exophthalmom-
etry. Ancillary imaging studies such as B-scan 
ultrasonography and angiography are useful in 
characterizing the full extent and laterality of dis-
ease. This is particularly important in cases with 
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subtle extrascleral extension or occult involvement 
of the fellow eye. B-scan ultrasonography is a sen-
sitive modality for detecting extrascleral exten-
sion. The pattern may be crescentic thickening, a 
discrete mass (often adjacent to the optic nerve), or 
diffuse choroidal thickening in cases where uveal 
lymphoma overlaps with OAL. When coexisting 
uveal lymphoma is present, FA may show early 
hyperfl uorescence, hypofl uorescent spots corre-
sponding clinically observed choroidal infi ltrates, 
choroidal folds, or a normal angiogram. 

 Imaging studies of the orbit play an important 
role in OAL but are performed at different times 
depending on the presentation (Fig.  5.4 ). With 
conjunctival disease, the lesion is frequently 
biopsied fi rst and imaging of the orbit follows to 
assess orbital involvement. With orbital and lid 
disease, the orbit is usually imaged to optimize 
the biopsy process. Contrast-enhanced CT and 
MRI of the orbits will show enhancing lesions, 
which can be discrete or diffuse. Lymphoid 
lesions typically mold to structures such as the 
globe or bony orbit. Neuroimaging will reveal 
orbital lesions in up to 50 % of clinically unsus-
pected cases (Stafford et al.  2001 ). Paranasal 
sinus involvement is not uncommon. 

 As malignant OAL cannot be distinguished 
from benign reactive lymphoid hyperplasia 
(BRLH) on clinical grounds alone, defi nitive 
diagnosis is based upon biopsy (Chap.   9    ). This 
should be obtained by open methods to allow suf-
fi cient material for multiple studies: pathology, 
lymphocyte immunophenotypical analysis, and 
molecular genetic studies to identify gene rear-
rangements indicative of clonality and/or translo-
cations. Once the diagnosis is confi rmed by 
biopsy, referral to a medical oncologist for sys-
temic screening and staging is important for 
treatment planning (Chap.   7    ).      
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6.1            Introduction 

 The decision to perform biopsy should be made 
when there is an uncertain clinical diagnosis and 
access to tissue for sampling that could yield a 
clear diagnosis. Typically in these cases, nonin-
vasive testing has not provided a diagnosis and/or 
the clinical scenario has not improved with ther-
apy. There may be situations where the diagnosis 
is already known, but biopsy is needed to deter-
mine staging and treatment regimen. 

 Prior to performing biopsy, several steps should 
be performed to ensure correct processing 
(Gonzales and Chan  2007 ; Coupland et al.  2002 ). 
Discussion of the case with an experienced pathol-
ogist who will be analyzing the sample is recom-
mended. Rapid transport of the tissue for processing 
is also required to reduce the deterioration of via-
ble cells. Specifi c transport media such as RPMI 
(Roswell Park Memorial Institute Medium) may 
be used after discussion with the receiving lab. If 
the receiving lab is close, a transport medium may 
not be required; however, if the lab is not in the 
same facility, the use of medium may be required 
as lymphoid cells can be very fragile.  

6.2     Conjunctival Biopsy 

 The conjunctiva offers an easily accessible tissue 
whose removal usually does not result in vision- 
threatening complications. Typically, the so- 
called salmon patch is seen when the conjunctiva 
is involved (Fig.  6.1 ). This can occur in cases 
where there is choroidal or adnexal involvement; 
thus, the conjunctiva should be carefully exam-
ined for possible infi ltration when lymphoma is 
suspected.

   The technique for removal of conjunctival 
lesions involves the use of an operating micro-
scope. After identifying the area of involvement, 
the whole area of involvement is removed. 
Scissors are used to make initial incision into the 
conjunctiva and a peritomy is performed. The 
area for biopsy is dissected off the sclera and then 
removed – ideally with an edge of normal con-
junctiva. The remaining conjunctiva is dissected 
in order to allow proper closure with either plain 
or vicryl suture. 

 Aspiration of the conjunctival surface 
(Grossniklaus et al.  2003 ) has also been described 
as a technique for sampling the conjunctiva. 
Using a tuberculin syringe with a needle, the sur-
face of the conjunctival lesion is aspirated. 
Although the correlation between aspiration 
technique and biopsy can be high, this technique 
is not often used to make the diagnosis of 
lymphoma.  
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6.3     Anterior Chamber Biopsy 

 The anterior chamber (including the iris) is rarely 
involved in cases of primary lymphoma 
(Mashayekhi et al.  2013 ; Finger et al.  2006 ; 
Dorrepaal et al.  2010 ). Both the anterior chamber 
and iris have been reported as sites for recurrence 
of systemic lymphoma. Obtaining specimens 
from the anterior chamber is usually relatively 
easy with minimal risk of side effects. 

 An anterior chamber diagnostic paracentesis 
can be performed in the offi ce or operating room 
usually a small-bore needle (either 25, 27, or 30 
gauge) with the bevel facing up. The needle is 
pierced at the corneal limbus and fl uid is removed 
with the attached syringe. Typically 1–2 ml can 
be removed. If performed in the operating room, 
the anterior chamber can be reformed with bal-
anced salt solution and the sampling repeated 
again. 

 An iris tissue biopsy is performed using a 
fi ne- needle aspiration technique, whereby a 
needle is introduced into the body of the lesion 
and aspiration is performed by the syringe to 
obtain a sample. Bleeding of the lesion can 
occur; thus, this is usually performed in the 
operating room. In previous series of iris lym-
phoma, often a conjunctival lesion is also found 

at the time of biopsy and also removed for anal-
ysis (Mashayekhi et al.  2013 ).  

6.4     Vitreous Biopsy 

 The vitreous is a common source for biopsy 
given the relative ease of access with three-port 
vitrectomy. Vitreous biopsy is often performed in 
uveitis patients with suspected masquerade syn-
dromes; thus, the clinician must carefully choose 
the proper tests for the sample of vitreous 
(Mruthyunjaya et al.  2002 ; Davis et al.  2005 ; 
Margolis et al.  2007 ). As infectious etiologies 
can be in the differential, PCR-based identifi ca-
tion is often ordered. If lymphoma or any malig-
nancy is high in the differential, it is important to 
send the undiluted specimen for cytology rather 
than for PCR or culture. However, if the clinical 
suspicion for infection is high and low for lym-
phoma, it may be prudent to forgo cytology and 
to send the sample for culture and PCR only. 
A vitreous biopsy can provide up to 1 ml of undi-
luted sample and often 10 ml or more of a diluted 
specimen in balanced salt solution. Both undi-
luted and diluted specimens can be used for test-
ing, thus allowing the clinician to accurately test 
for both malignancy and infection from one 

a b

  Fig. 6.1    B-scan ultrasonography reveals peripapillary 
nodules ( arrows ) suspicious for lymphoma ( a ). 
Anterior segment examination of the same patient 

reveals conjunctival lesion with salmon-like color ( b , 
 arrows ), which is more accessible to biopsy       
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 procedure. Some recommend an unfi xed vitreous 
specimen, which is rapidly delivered to the 
pathology lab (Coupland et al.  2002 ). However, 
others suggest the use of a fi xative such as RPMI 
prior to transport to prevent cell death (Gonzales 
and Chan  2007 ). 

 A standard three-port vitrectomy is set up for 
the vitreous biopsy. Although 20-gauge vitrec-
tomy has been used for years, smaller gauge (23 
or 25 gauge) trocar-based vitrectomy offers sev-
eral advantages (Yeh et al.  2010 ; Covert et al. 
 2012 ). These include reduction in risk of periph-
eral retinal tears, self-sealing wounds, and rela-
tively fast post-op recovery. The sample quality 
from smaller gauge vitrectomy has been shown 
to be similar to 20-gauge vitrectomy (Yeh et al. 
 2010 ). For this author, 25-gauge valved cannulas 
are used for all diagnostic vitrectomies. 

 The collection of sample can be performed in 
a few ways – a sterile syringe can be attached to 
the vitrector, allowing the syringe to collect the 
sample. This offers the advantage of direct col-
lection into an easily transported syringe, but 
requires an assistant to provide suction during the 
vitrectomy. A sample can be collected without 
using a separate syringe – however, the sample 
then needs to be retrieved from the aspiration line 
of the vitrectomy machine. This process can be 
somewhat diffi cult depending on the machine. 
Recently, a vitreous collection tube has been 
added to a vitrectomy system, allowing collec-
tion into a sterile tube (Fig.  6.2 ). Most vitrectomy 
machines require “priming” prior to beginning 
the vitrectomy – this allows the machine to test if 
the suction and cutting settings are working prop-
erly. During the priming stage, the aspiration line 
of the vitrector is usually fi lled with fl uid. Thus, 
in order to obtain a true undiluted sample, either 
priming should be skipped or a syringe is attached 
to the aspiration line and used to suction the fl uid 
out of the line. The author usually completes the 
priming cycle and removes the fl uid with a 
syringe.

   After preparing the vitrectomy machine, the 
sclerotomies are created. Using a 20-gauge sys-
tem, after opening the conjunctiva, the inferior 
sclerotomy used for suturing the infusion line is 
quickly made and the infusion line is placed into 

the eye. The two superior sclerotomies are then 
made and plugged. Using a 23- or 25-gauge sys-
tem – the trocars with cannulas are placed through 
the conjunctiva. After placing the inferior can-
nula, the infusion line is attached. The superior 
cannulas are placed and then plugged. The 
valved-based cannulas available with the 23- and 
25-gauge system eliminate the need for plugs. 

 Prior to starting the vitrectomy, the infusion 
line placement into the vitreous is confi rmed. 
The light pipe and vitrector are placed into the 
eye and an undiluted specimen is obtained. 
When using the syringe method, it is important 
to communicate with the assistant when to 
begin and to end suction, so as not to pull the 
vitreous when the vitrector cutting is off. The 
author uses a 3-ml syringe to collect the undi-
luted specimen and 10-ml syringe for the diluted 
specimen. The vitrector is placed over the area 
with the greatest involvement or as close to the 
retina as safely as possible, and the vitrectomy 

  Fig. 6.2    Biopsy cartridge from the Synergetics Versavit 
system – allowing for collection and transportation of the 
specimen       
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is continued until an adequate sample is 
obtained or choroidal indentation occurs. Once 
choroidal indentation appears, the infusion line 
should be turned on, restoring the pressure in 
the eye. The vitrector is removed from the eye 
and the undiluted sample within the syringe is 
capped and labeled. A 10-ml syringe is then 
attached to the vitrector and an undiluted speci-
men is collected. During this stage, it is impor-
tant for the surgeon to keep the vitrector within 
the vitreous, as opposed to fl uid layer that col-
lects from the infusion line. This allows a higher 
concentration of vitreous in the collected diluted 
sample. 

 After fi lling the syringe with the diluted sam-
ple, the 10-ml syringe is removed and capped. 
The syringes are passed off the fi eld, properly 
labeled, and then sent to the lab. Specimen 
medium may be added at this point if needed. 
Additionally, the specimens can be aliquoted into 
smaller tubes, and usually this is performed on 
the fi eld. 

 The vitrector is then connected back to the 
normal aspiration line and a vitrectomy is contin-
ued if needed. Other therapeutic maneuvers – 
including repair of retinal detachment and peeling 
of preretinal membranes – are then performed. If 
only a vitreous biopsy was planned, after sample 
collection surgery can be stopped, however, a 
fairly complete vitrectomy is recommended 
(Gonzales and Chan  2007 ). The peripheral retina 
should be checked for any retinal breaks. If 20 
gauge, the sclerotomies and conjunctiva are 
sutured closed. If 23 or 25 gauge, the cannulas 
are removed; sutures are usually not needed (Yeh 
et al.  2010 ). The vitrectomy cassette can be 
passed off as an additional sample for processing 
if needed.  

6.5     Chorioretinal/Subretinal 
Biopsy 

 The presence of a subretinal or chorioretinal 
lesions can require biopsy in unknown cases 
where disease progression occurs despite therapy 
(Martin et al.  1993 ; Cole et al.  2008 ; Lim et al. 
 2005 ; Johnston et al.  2004 ). There are multiple 

approaches to obtaining a choroidal/subretinal 
biopsy including transvitreal, fi ne-needle aspira-
tion, and external choroidal biopsy. 

 In the transvitreal approach, a standard three- 
port vitrectomy is performed as described above. 
The ideal location for biopsy is an area that has 
low risk of vision loss, retinal detachment, and 
bleeding. Thus, posterior, nasal, and superior 
locations are preferred if possible (Fig.  6.3 ). 
Farther anterior sites increase the risk of retinal 
detachments given the risk of vitreous contrac-
tion. These biopsy sites usually require endolaser 
photocoagulation. The closer to the macula – the 
higher risk of vision loss. However, if macular 
involvement has already occurred, biopsy of that 
area may be reasonable. Additionally, the surgeon 
should choose an area that appears to have active 
lesions. Many patients will have both inactive and 
active areas dispersed throughout the retina.

   The posterior hyaloid should be elevated and 
the area over the biopsy site cleared of any 
 residual vitreous. The area for biopsy can be 
treated with endodiathermy to reduce the risk of 
bleeding. At this point, multiple different tech-
niques can be employed (Cole et al.  2008 ; 
Johnston et al.  2004 ; Sen et al.  2006 ; Gonzales 
and Chan  2007 ). The small gauge vitreous cutter 
(23 or 25 gauge) can enter the subretinal space, 
and with the assistant providing suction via a 
syringe the tissue is removed with gentle suction 
and cutting of tissue. The infusion bottle is raised 
prior to this to reduce the risk of bleeding. Once 
a sample is obtained, additional fl uid can be 
drawn into the vitrector from the fl uid-fi lled vit-
reous. Other techniques include placing a soft tip 
cannula into the subretinal space. Suction of the 
subretinal material is performed via a connected 
syringe. Specialized subretinal biopsy forceps 
can be placed into the tissue to obtain a sample as 
well (Akgul et al.  2011 ). Depending on the size 
and location of the biopsy, laser and gas tampon-
ade are not always needed. It is not uncommon to 
see hemorrhage over the biopsy site. Bleeding is 
typically controlled with elevated infusion 
pressure. 

 If a larger specimen is needed or a defi nitive 
choroidal biopsy is required, a larger area is 
marked with diathermy. The infusion bottle is 
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raised, and vertical scissors are then used to cut 
into the edge of the diathermy and through the 
retina and choroid. The sclerotomy is then 
enlarged and the specimen is removed with reti-
nal forceps. Specialized subretinal biopsy for-
ceps can also be used. An air-fl uid exchange is 
performed and endolaser photocoagulation is 
placed at the edges of normal retina surrounding 
the biopsy site. A gas tamponade is usually 
placed. 

 Fine-needle aspiration biopsy is typically not 
used for subretinal lesions with possible lym-
phoma as a vitreous biopsy is usually performed 

in these cases as well (Gonzales and Chan  2007 ). 
Nevertheless, it has been described and used 
 previously (Shields and Shields  1999 ; Cohen 
et al.  2001 ; Eide and Walaas  2009 ;    Sarafzadeh 
et al.  2010 ). A 25-gauge to 30-gauge-long needle 
is attached to a syringe via tubing. Using an 
 indirect ophthalmoscope, the area for biopsy is 
visualized. The needle is introduced through the 
pars plana and the lesion is entered. Suction is 
applied to capture the sample and the needle 
is then removed from the eye. Postbiopsy hemor-
rhage over the sight is not uncommon, but usu-
ally resolves without complication. 

a

c

b

  Fig. 6.3    Intraoperative photos during a pars plana vitrec-
tomy with subretinal biopsy using the vitrector. ( a ) the 
diathermy probe is used to mark the area for biopsy. 

( b ) displays the vitrector probe entering the subretinal 
space. ( c ) the area of biopsy is seen with no bleeding over 
the biopsy site       
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 External or transscleral choroidal biopsy can 
also be performed if the lesion is anterior 
(Peyman et al.  1981 ; Gündüz et al.  1999 ; Johnston 
et al.  2004 ; Gonzales and Chan  2007 ). If the view 
is clear, laser photocoagulation is placed several 
days prior to the procedure around the area for 
biopsy. A standard vitrectomy is performed to 
obtain vitreous samples. Additional laser can be 
applied during the vitrectomy. The conjunctiva is 
opened and the rectus muscles are isolated. The 
lesion is marked on the sclera and a hinged, 
nearly full thickness scleral fl ap is created. The 
choroid is then visualized and diathermy is 
placed. Two parallel incisions are then made into 
the choroid, which is then grabbed once with for-
ceps. Scissors are then used to complete the 
 dissection. Any prolapsed vitreous is removed 
and the fl ap is closed with suture (either vicryl or 
nylon). An air-fl uid exchange is performed and 
gas tamponade is placed.  

6.6     Adnexal Biopsy 

 The decision of where to biopsy within in the 
adnexal structures of the eye is based on orbital 
imaging which can determine the size, shape, and 
degree of infi ltration. Typically ultrasonography 
in combination with computed tomography scans 
and/or magnetic resonance imaging provides the 
clinician with localization to develop a surgical 
plan (Garrity and Henderson  2007 ). If the tumor 
appears well circumscribed, an excisional biopsy 
should be performed; if a diffuse tumor is identi-
fi ed, an incisional biopsy is completed (Shields 
and Shields  1999 ). 

 Fine-needle aspiration has been described in 
the use of the diagnosis of orbital and adnexal 
tumors (Shields and Shields  1999 ; Rastogi and 
Jain  2001 ; Gupta et al.  2012 ; Agrawal et al. 
 2013 ). Its advantages over traditional incisional 
biopsy include faster recovery, smaller inci-
sions, and reduction in operative time. However, 
the amount of tissue obtained is limited in com-
parison to an incisional biopsy. In cases of sus-
pected lymphoma, some authors recommend 
FNA only in cases where a known systemic 
lymphoma exists (Shields and Shields  1999 ). In 
those without a known primary, an incisional 

biopsy can provide more tissue for pathology 
studies. 

 After appropriate anesthesia, the area is 
prepped for needle penetration. For superfi cial 
lesions, the needle (typically 22–25 gauge) is 
placed into the lesion and then suction is applied. 
For deeper lesions, the lesion is identifi ed with 
ultrasound or computerized tomography. The 
ultrasound probe is used to identify and visualize 
the lesion. The eyeball is fi xed in position with 
the probe and the needle is introduced into lesion. 
Once the needle is seen within the lesion by ultra-
sound, suction is applied. The needle is then 
removed. Bleeding is controlled with direct pres-
sure. The globe can be examined at this point if 
there is concern about possible injury. 

6.6.1     Incisional/Excisional Biopsy 

 In order to directly visualize and biopsy an adnexal 
lesion, an orbitotomy must be performed. It is 
beyond the scope of this chapter to describe each 
possible approach and incision that can be used. 
The reader is referred to several excellent refer-
ences that describe the techniques in detail (Shields 
and Shields  1999 ; Garrity and Henderson  2007 ; 
Meyer and Spoor  2010 ; Melicher et al.  2010 ). 

 In general the location of the orbital tumor 
determines the specifi c approach to biopsy. The 
more anterior the mass, the more likely a 
conjunctival- based incision can be used. Larger 
and more posterior lesions usually require skin- 
based incisions (Shields and Shields  1999 ). 

 For access to the medial orbit including struc-
tures medical to the optic nerve, a transconjuncti-
val approach is used. This begins either at the 
medial limbus or just lateral to the caruncle 
(transcaruncular). The medial rectus is then iso-
lated with muscle hooks. Access to the extraconal 
space is now possible and retractors can be used 
for further posterior access. If access to the intra-
conal space is required, the medial rectus can be 
removed – a double armed 6-0 vicryl suture is 
passed through the tendon and then tied and dou-
ble locked upon itself. The muscle is disinserted 
and the stump can be sutured to allow further 
retraction of the globe. Blunt dissection is then 
continued until the lesion is identifi ed. At this 
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point the lesion can be carefully incised with 
scissors. It is important to identify the optic nerve 
and other vital structures to prevent accidental 
injury. If the lesion is well encapsulated, blunt 
dissection around the lesion is performed and the 
lesion is then removed. Hemostasis is obtained 
throughout the case with bipolar cautery. Once 
the biopsy is completed, the rectus muscle is reat-
tached with the 6-0 vicryl suture. The conjunctiva 
is then closed with vicryl or plain suture. 

 For lateral lesions including those in the intra-
conal and extraconal space and within the lacri-
mal gland fossa, a lateral orbitotomy is used. 
Prior to beginning the procedure, an injection of 
lidocaine-epinephrine solution is delivered into 
the upper lid crease, lateral canthus, lateral orbital 
rim, and temporalis muscle. A silk traction suture 
is placed transconjunctivally through the lateral 
rectus muscle to help identify it during the case. 
Typically an upper lid crease incision extending 
into the lateral canthus is created. The incision is 
carried down to the periosteum covering the lat-
eral orbital rim. Blunt dissection and undermin-
ing of the subcutaneous tissue is performed. The 
periosteum is then incised, and the periosteum 
and temporalis muscle are dissected off the lat-
eral orbital rim. The area for bone removal is 
marked and an osteotomy is created with a saw. 
Holes can be placed in the bone to facilitate clo-
sure. Once the bone is removed, the periorbita is 
incised and soft tissue dissection is performed to 
isolate and identify the lesion. Traction on the 
silk suture allows identifi cation of the lateral rec-
tus. Dissection to the tumor is performed and an 
incisional or excisional biopsy is done. The biop-
sied tissue is passed off the fi eld and taken to the 
pathology lab. Once hemostasis is obtained, the 
bone fragment is replaced and sutured. The peri-
osteum and then subcutaneous tissue are closed. 
Finally, the skin closed with running nylon or 
plain suture.   

6.7     Summary 

 Ocular and adnexal lymphoma can present in sev-
eral different ocular and adnexal structures. 
Correct diagnosis requires proper biopsy tech-
nique and careful handling of tissue samples. 

Multiple methods can be employed to obtain an 
adequate sample. Discussion with an experienced 
pathologist is recommended to ensure proper test-
ing is performed on any limited tissue sample.     
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        A defi nitive diagnosis of ocular adnexal lym-
phoma (OAL) is based upon biopsy as benign 
conditions including reactive lymphoid hyperpla-
sia cannot be differentiated based on clinical 
grounds alone. Once the diagnosis has been estab-
lished, OAL is classifi ed and staging is performed. 
OAL can coexist with lymphoma in other sys-
temic sites in 15–25 % of cases (Ferry et al.  1996 ; 
Fung et al.  2003 ; Decaudin et al.  2006 ). For this 
reason, a multidisciplinary approach is necessary 
and includes a thorough systemic evaluation and 
referral to an experienced medical oncologist. 

7.1     Staging Procedures 

7.1.1     Ocular Examination 

 Staging of OAL begins with a thorough ocular 
examination to assess the extent of disease and 
laterality. OAL is frequently multifocal and can 
involve contiguous ocular adnexal structures. 
A strong correlation has been observed between 
OAL and coexisting uveal lymphoma (Fuller et al. 

 2008 ; Grossniklaus et al.  1998 ; Baryla et al.  2012 ; 
Sarraf et al.  2005 ; Tagami et al.  2011 ). For this 
reason, complete ophthalmic examination should 
include external inspection for enlarged regional 
lymph nodes, bilateral dilated fundus examina-
tion, motility testing, and exophthalmometry.  

7.1.2     Ancillary Studies 

 Ancillary imaging with B-scan  ultrasonography 
may help to further characterize orbital 
 involvement or detect occult orbital disease. 
Angiography, particularly indocyanine green 
(ICG) angiography, is useful in suspected cases of 
overlapping uveal lymphoma. A detailed discus-
sion of the clinical features and diagnostic studies 
used to characterize OAL is included in Chap.   5    .  

7.1.3     Laboratory Studies 

 Laboratory evaluation includes a complete blood 
count (CBC), hepatic enzymes, and serum lactate 
dehydrogenase (LDH). In view of the plasmacytoid 
features often seen in extranodal marginal zone 
lymphomas, measurement of serum immunoglobu-
lins and serum protein electrophoresis may identify 
a monoclonal protein which can be useful for moni-
toring disease and response to therapy. Additionally, 
if treatment with rituximab is anticipated, hepatitis 
serology should be performed in view of the well-
documented risk of reactivation of hepatitis B fol-
lowing treatment with this agent. At most oncology 
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centers, bone marrow aspiration and biopsy is per-
formed at the discretion of the treating oncologist. 
Bone marrow infi ltration is observed in 5–10 % of 
cases at the time of diagnosis (Ferry et al.  1996 ; 
Fung et al.  2003 ; Decaudin et al.  2006 ). Bone mar-
row involvement is very rarely the only site of dis-
seminated disease, and marrow aspiration and 
biopsy can therefore be omitted for patients with 
clinical stage IEA disease.  

7.1.4     Imaging Studies 

 A series of imaging and laboratory studies are 
generally performed to fully characterize the 
extent of ocular disease and to detect systemic 
involvement. This involves staging through the 
use of high-resolution contrast-enhanced imag-
ing. Computerized tomographic scan (CT) of the 
chest, abdomen, and pelvis and magnetic reso-
nance imaging (MRI) of the brain and orbits is 
routinely performed. Neuroimaging will reveal 
orbital lesions in up to 50 % of clinically unsus-
pected cases (Stafford et al.  2001 ). Paranasal 
sinus involvement is not uncommon. Imaging of 
the neck is performed if the cervical lymph nodes 
can be palpated or noted to be enlarged.   

7.2     Staging Systems 

7.2.1     Ann Arbor Classifi cation 

 While staging is typically performed by the med-
ical oncologist, an understanding of the process 
is important for multidisciplinary management of 
OAL. A modifi ed version of the Ann Arbor clas-
sifi cation is still commonly used (Table  7.1 ). 
Lymphomas are divided into indolent (low grade) 
or aggressive (high grade) based on their expected 
clinical behavior. Indolent forms include extrano-
dal marginal zone lymphoma (EMZL), follicular 
lymphoma (FCL), and lymphoplasmacytic lym-
phoma (LPCL). Aggressive lymphomas which 
may (rarely) involve the ocular adnexal structures 
include mantle cell lymphoma and diffuse large 
B-cell lymphoma (DLBCL). Although widely 
used, the Ann Arbor staging system has several 

limitations for characterizing OAL. In particular, 
this staging system results in a disproportionate 
staging distribution. Two-thirds of primary OAL 
cases present as a localized mass, which under 
the Ann Arbor system are classifi ed as stage 1E 
(Hatef et al.  2007 ; Jenkins et al.  2000 ; Ferry et al. 
 2007 ; Coupland et al.  1999 ). Using the Ann 
Arbor system, overall rates for initial staging are 
60–80 % for IE, 4–25 % for IIE, and 16–18 % for 
stages III and IV combined (Coupland et al. 
 2004 ; Mannami et al.  2001 ; McKelvie et al. 
 2001 ). Studies using criteria of extraorbital dis-
ease result in stage III and IV rates of 22–36 % at 
diagnosis (Jenkins et al.  2000 ; Nakata et al. 
 1999 ). The limitations of the Ann Arbor system 
preclude the ability to differentiate the majority 
of OAL cases from one another based upon dis-
ease extent within the ocular adnexal structures 
which may have important prognostic implica-
tions (Knowles et al.  1990 ; Johnson et al.  1999 ).

7.2.2        Tumor-Node-Metastasis 
(TNM)-Based Staging 

 More recently, a tumor-node-metastasis (TNM)-
based staging system for primary OAL (Table  7.2 ) 
has been developed under the guidance of the 
American Joint Committee on Cancer (AJCC) 
(Coupland et al.  2009 ; Delori et al.  1995 ). This 
system addresses many of the shortcomings of 
the Ann Arbor system and more precisely defi nes 

   Table 7.1    Staging of OAL by Ann Arbor system   

  Indolent lymphomas: EMZL, FCL, LPCL  
 Stage I  Localized disease (Ann Arbor [AA] I, IE & 

II, IIE) 
 Stage II  Disseminated disease (Ann Arbor [AA] III 

& IV) 
  Aggressive lymphomas: DLBCL, MCL  
 Stage I  Localized or extranodal disease (Ann Arbor 

[AA] I or IE) 
 Stage II  2 or more nodal sites; 3 or more extranodal 

sites 
 Stage III  Stage II with additional poor prognostic 

features 

   EMZL  extranodal marginal zone lymphoma,  FCL  follicu-
lar lymphoma,  LPCL  lymphoplasmacytic lymphoma, 
 DLBCL  diffuse large B-cell lymphoma,  MCL  mantle cell 
lymphoma,  E  extranodal disease  
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disease extent. The ultimate goal of the proposed 
TNM-based system is to facilitate future studies 
aimed at identifying clinical and histomorpho-
logic features of OAL of prognostic signifi cance 
and to assess treatment outcomes. To date, the 
feasibility of this system has only been analyzed 
in a limited capacity (Lee et al.  2011 ).

7.3         Treatment 

 The treatment of OAL is an area of controversy, 
progress, and change. Currently OAL is treated in 
a manner similar to other malignant lymphomas, 
most frequently using radiation, immunotherapy, 
or a combination of therapies. With the recogni-
tion that the vast majority of OAL are of the EMZL 
type and that there may be an infectious basis for 
this subgroup, the possibility of treatment with 

antimicrobial therapy instead of cytotoxic modali-
ties has been considered in some cases. This 
remains an investigational approach at present. 
Another controversy is whether to treat very indo-
lent OAL or to closely observe these patients, par-
ticularly when the disease is widely disseminated, 
the patient is symptom-free or if there are signifi -
cant comorbidities which limit treatment options. 
A discussion of the most commonly utilized treat-
ment modalities for OAL follows. The description 
of treatment options below is primarily confi ned to 
that of indolent histologies, particularly EMZL. 
Disease with more aggressive histology will 
require complex multi-agent chemoimmunother-
apy regimens not described in detail below. 

7.3.1     Surgery 

 The primary role of surgery in the management 
of OAL is to obtain adequate material for accu-
rate histologic diagnosis. It should generally not 
be considered as the primary or sole treatment 
modality. Surgery has been reported to be suc-
cessful in managing certain cases of highly local-
ized OAL and has been recommended for stage I 
mucosa-associated lymphoid tissue (MALT) 
lymphoma in some sites. Its applicability remains 
very limited in OAL due to the multifocal nature 
of the disease and frequent juxtaposition of OAL 
to sensitive ocular tissues. Surgery as a sole ther-
apy is therefore generally reserved for isolated, 
highly localized lesions of the conjunctiva 
(Stafford et al.  2001 ; Coupland et al.  2004 ). 
Surgical excision alone is rarely selected as a pri-
mary therapy; therefore, limited data exist for 
meaningful assessment of disease-free survival 
regarding this treatment modality.  

7.3.2     Cryotherapy 

 While cryotherapy is used as primary and adjuvant 
treatment for many conjunctival malignancies 
including primary acquired melanosis, malignant 
melanoma, and squamous cell carcinoma, this 
modality has limited use in the management of 
OAL. This therapy has resulted in variable success 

   Table 7.2    Staging of OAL by the tumor-node-metastasis 
system   

  T classifi cation  
 TX  Lymphoma extent not specifi ed 
 T0  No evidence of lymphoma 
 T1  Conjunctival lymphoma alone 
 T2  Orbital lymphoma with or without conjunctival 

involvement 
 T3  Preseptal eyelid lymphoma in addition to 

conjunctival/orbital disease 
 T4  Invasion of adjacent structures, such as bone and 

brain 
  N classifi cation  
 NX  Lymph node involvement not assessed 
 N0  No evidence of lymph node involvement 
 N1  Involvement of ipsilateral regional lymph nodes 
 N2  Involvement of contralateral or bilateral regional 

lymph nodes 
 N3  Involvement of peripheral lymph nodes not 

draining ocular adnexal region 
 N4  Involvement of central lymph nodes 
  M classifi cation  
 MX  Lymphoma dissemination not assessed 
 M0  No evidence of involvement of additional 

extranodal sites 
 M1  Lymphoma involvement of other organs (at 

diagnosis or subsequently) 

  Modifi ed from the American Joint Committee on Cancer 
(AJCC) seventh edition TNM-based staging manual for 
OAL  
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due to debulking the tumor without complete 
elimination of malignant tissue (Shields et al. 
 2001 ). Recurrence rates as high as 33 % have been 
observed in some series of conjunctival lymphoma 
treat with cryotherapy alone (Eichler and 
Fraunfelder  1994 ). For this reason, cryotherapy is 
generally reserved for patients with highly local-
ized conjunctival OAL who are unable to receive 
other treatment modalities (Fung et al.  2003 ).  

7.3.3     Radiation Therapy 

 Historically, external beam radiation (EBRT) has 
been the most frequently used modality for the 
treatment of OAL. This modality has been effec-
tive for many cases with reports of local control 
rates of conjunctival lymphoma as high as 
91–100 % (Tsai and Colby  2005 ). However, 
analysis of radiation treatment outcomes is con-
founded by small patient numbers in most series, 
the use of early and inaccurate classifi cation 
schemes, short follow-up times, and apparent 
lack of ophthalmic follow-up. 

 Both electron and photon irradiation have 
been successfully employed in OAL. Dosage is 
based on the tumor grade or type (Fung et al. 
 2003 ; Bhatia et al.  2002 ). Typical doses are 
28–36 Gy for low-grade OAL and 30–40 Gy for 
high-grade OAL. For the EMZL subtype, an 
analysis of the radiation dose–response relation-
ship revealed that the 5-year local tumor control 
rates were 81 % with doses below 30 Gy and 
100 % with doses higher than 30 Gy (Fung et al. 
 2003 ; Jenkins et al.  2000 ). Variable sensitivity to 
radiotherapy based upon lymphoma subtype has 
been observed, for example, follicular lymphoma 
has demonstrated a 100 % response rate to both 
higher and lower doses (Fung et al.  2003 ). While 
radiation studies frequently emphasize the ability 
to obtain local control, the effect of this modality 
on overall course and prognosis is less clear. 
Even stage IV-EA disease showed good local 
control, though survival was signifi cantly lower. 
Multiple studies revealing higher rates of delayed 
systemic recurrence suggest that longer follow-
 up is necessary for accurate assessment of 
 treatment effect (Jenkins et al.  2000 ). 

 Complications of radiation to the ocular 
adnexal structures include dry eye, conjunctivitis, 
keratitis, cataract, and retinopathy (Tsai and 
Colby  2005 ). Mild side effects including tempo-
rary injection of the periocular skin or dry eye 
occur in most patients and have been reported in 
up to 100 % in some series (Jereb et al.  1984 ). 
Several studies have found that dry eye symp-
toms occur more frequently when radiation is 
used to treat conjunctival lymphomas compared 
to radiation for orbital and other OALs (60 % vs. 
16 %, respectively) (Liao et al.  2002 ). This obser-
vation may be a direct result of radiation-induced 
damage to the goblet cells and accessory lacrimal 
glands within the conjunctiva (Liao et al.  2002 ; 
Erickson et al.  1992 ). 

 The most frequently encountered long-term 
complication is cataract formation. Cataracts 
develop in 17–35 % of patients and are more 
likely to occur in patients receiving higher doses 
of radiation (Dunbar et al.  1990 ). Lens shielding 
techniques to prevent cataract formation have 
been developed, including lead blocks or contact 
lens shields. The role of lens shielding radiation 
to decrease cataract formation is controversial, 
with some studies showing no effect on local 
lymphoma recurrence and others showing high 
recurrence rates in patients who underwent lens- 
sparing radiation treatment protocols (Coupland 
et al.  2004 ; Le et al.  2002 ).  

7.3.4     Chemotherapy 

 Since OAL frequently presents as localized dis-
ease (stage IE), chemotherapy is rarely used, with 
the exception of aggressive forms such as DLBCL 
(Stacy et al.  2012 ). A complete review of chemo-
therapy used in lymphoma is beyond the scope of 
this chapter. Briefl y, standard chemotherapy for 
non-Hodgkin’s lymphomas, including OAL 
when it is part of more advanced disease, is that 
of standard systemic lymphoma regimens using 
rituximab, cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (R-CHOP). Chlorambucil 
and, more recently, purine analogues such as 
fl udarabine, cladarabine, and pentostatin have 
also been used. While some have used systemic 
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corticosteroids for tumor suppression of OAL, 
steroids offer ineffective long-term control. 
When chemotherapy is used in the treatment of 
OAL, it can be employed as an adjuvant therapy, 
for example, following local conjunctival treat-
ment. It may also be used as a sole, primary ther-
apy for patients with localized high-grade OAL, 
those with diffuse systemic involvement, or in 
patients with recurrent disease who have failed 
other treatment regimens.  

7.3.5     Immunotherapy 

7.3.5.1     Interferon 
 Interferons (IFNs) are proteins produced in 
response to viral pathogens, bacteria, parasites, 
and neoplastic cells. IFNs help to modulate the 
host immune response and in addition have anti-
neoplastic properties. IFN-alpha is a protein that 
has been rarely used for OAL despite its long-
standing use in systemic lymphoma. Its fi rst use 
for OAL was in a case of conjunctival MALT 
lymphoma successfully treated with local IFN-
alpha injections (Cellini et al.  1996 ). Following 
this, several other case reports have described the 
successful use of IFN- alpha for conjunctival 
MALT lymphoma (Zinzani et al.  1999 ; 
Lachapelle et al.  2000 ; Lucas et al.  2003 ). In the 
majority of series, 

 IFN-alpha has been used to treat low-grade 
OAL using a regimen consisting of 1–1.5 million 
international units (IU) injected intralesionally 
three times per week over a period of 4 weeks 
(total of 10–12 doses) (Zinzani et al.  1999 ; 
Lachapelle et al.  2000 ; Lucas et al.  2003 ; Ross 
et al.  2004 ). In one series of 5 cases of conjunc-
tival MALT lymphoma, there was an observed 
80 % initial complete response following 8 weeks 
of intralesional injections with short-term follow-
 up (Blasi et al.  2001 ). One patient with stage IIA 
disease died of systemic lymphoma at 1 year 
(Blasi et al.  2001 ). More data regarding local 
and systemic effi cacy are needed prior to accep-
tance of this modality. Side effects following 
treatment with IFN-alpha include fevers, chills, 
myalgias, headaches, nausea, and subconjuncti-
val  hemorrhage (Lachapelle et al.  2000 ).  

7.3.5.2     Monoclonal Antibody Therapy 
 Monoclonal antibodies are a more recent form of 
lymphoma treatment. The most commonly used 
has been rituximab, an antibody directed against 
the B-cell surface antigen CD-20. This interac-
tion leads to destruction of B-cells through sev-
eral mechanisms of action, including complement 
activation, antibody-directed cellular cytotoxic-
ity, and direct induction of apoptosis. Rituximab’s 
fi rst reported use in OAL was in two patients with 
conjunctival EMZL who developed relapse fol-
lowing treatment with radiation therapy (Nuckel 
et al.  2004 ). Both patients received 375 mg/m 2  of 
rituximab intravenously once weekly for a course 
of 4 weeks. One patient had a complete response 
and the second had a partial response. 

 Although rituximab is now widely used in 
multiple subtypes of B-cell lymphoma, very few 
studies have prospectively evaluated its activity 
as a single agent in OAL of EMZL subtype. 
Published data suggest an overall response rate of 
around 50 %. The risk of subsequent relapse after 
rituximab appears higher for patients with local-
ized compared with systemic disease, suggesting 
that involved fi eld radiation should be regarded 
as the standard of care for disease confi ned to the 
OAL structures, reserving the use of rituximab 
for patients with more extensive disease or to 
those patients whose disease has relapsed after 
initial radiation therapy. 

 Side effects of rituximab include transient fl u- 
like symptoms, such as fatigue, headache, fever, 
chills, nausea, and vomiting, most of which are 
immediate infusion-related events (Hainsworth 
et al.  2002 ,  2003 ). Reactivation of hepatitis B 
infection is an uncommon but well-reported 
complication of rituximab. Other late infectious 
complications have also been reported.  

7.3.5.3     Antimicrobial Treatment 
 There is increasing evidence of the role of chronic 
infection in OAL. Both  C. psittaci  and  H. pylori  
have been implicated (Chap.   4    ) (Ferreri et al.  2004 ; 
Chan et al.  2004 ). Follow-up data from  C. psittaci  
detection studies have suggested a therapeutic 
effect following antibiotic therapy with doxycy-
cline, presumably by eradication of the infection, 
which underlies lymphomagenesis. Other studies 
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have shown an effect in small numbers of patients 
using anti- H. pylori  triple therapy (Abramson et al. 
 2005 ). Overall, antibiotic treatment regimens have 
shown variable results by study group and geo-
graphic location (Husain et al.  2007 ; Ferreri et al. 
 2012 ). Larger studies are needed to clarify the role 
of antibiotics in treatment of OAL.  

7.3.5.4     Observation 
 There is some evidence pertaining to systemic 
lymphoma that spontaneous regression occurs at 
non-ocular sites, in up to 23 % of individuals 
(Horning and Rosenberg  1984 ). This observation 
has raised the possibility of observation for low- 
grade, highly localized OAL confi ned to the con-
junctiva. In one prospective series, 13 patients 
with low-grade conjunctival MALT lymphoma 
were followed after 5 patients chose to undergo 
radiotherapy and 8 patients chose observation. 
After a mean follow-up time of 5.4 years, 7 of the 
8 patients who chose observation demonstrated 
spontaneous regression of OAL. One patient in 
the observation group developed a recurrence of 
conjunctival OAL in the same eye. Of the fi ve 
patients who underwent radiotherapy, all showed 
resolution without recurrence during the follow-
 up period (Matsuo and Yoshino  2004 ). Others 
have demonstrated either a lack of progression or 
spontaneous resolution of EMZL OAL (Nakata 
et al.  1999 ; Chang et al.  2004 ). Watch and wait 
policy has also been evaluated in 36 patients with 
localized OAL in a study reported by Tanimoto 
et al ( 2006 ). With mature follow-up, almost 70 % 
of patients had not required therapy, although 
47 % had disease progression. Our present under-
standing of the behavior of OAL dictates that 
caution should be exercised regarding observa-
tion as it is possible for low-grade OAL to 
undergo transformation to high-grade forms 
(Coupland et al.  2002 ). In addition, watch and 
wait approaches should never be considered for 
aggressive subtypes of NHL, even if localized.    

7.4     Prognosis 

 The published data regarding prognosis for OAL 
is based mostly on single center, predominantly 
retrospective studies with variable staging criteria 

and treatment approaches as well as variable fol-
low-up. Consequently, it is diffi cult to provide 
accurate prognostic information on this entity. 
Most studies report high (often in excess of 90 %) 
progression-free and overall survival rates, espe-
cially for patients with disease limited to the OAL 
(Coupland et al.  2007 ; Cho et al.  2003 ; Auw-
Haedrich et al.  2001 ; Rosado et al.  2006 ; 
Tanimoto et al.  2007 ). Reported adverse prognos-
tic factors include primary sites other than the 
conjunctiva, disseminated disease (to lymph 
nodes or other extranodal sites), advanced age, 
and elevated LDH. The risk of widespread dis-
ease appears to be lowest for patients with con-
junctival disease. Some immunohistochemical 
markers such as  BCL-6  and  p53  have also been 
reported to predict for a worse prognosis, although 
this requires further study.     
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8.1            Introduction 

 Approximately 56–85 % of individuals initially 
diagnosed with PVRL will subsequently develop 
central nervous system (CNS) involvement over 
a period of many months to several years (Char 
et al.  1988 ; Freeman et al.  1987 ; Peterson et al. 
 1993 ). Conversely, about 25 % of patients with 
PCNSL will have detectable intraocular involve-
ment at the time of diagnosis (Hochberg and 
Miller  1988 ). For this reason, a multidisciplinary 
team of experts in the fi elds of ophthalmic oncol-
ogy, pathology, radiation oncology, and neuro- 
oncology are recommended for optimal treatment 
planning and for continued patient surveillance.  

8.2     Staging Procedures 

8.2.1     Ophthalmic 

 Staging of PVRL begins with a complete medical 
history and ophthalmic examination to assess the 
extent of laterality of disease. Approximately 

half of individuals present to an ophthalmologist 
with complaints of painless blurred vision, fl oat-
ers, or both (Whitcup et al.  1993 ; Akpek et al. 
 1999 ). The remainder are asymptomatic or diag-
nosed during ophthalmic screening in the setting 
of known PCNSL. Ophthalmic examination of 
both the anterior and posterior segments should 
be performed. This is particularly important as 
bilateral involvement occurs in up to 80 % of 
individuals and is typically asymmetric (Peterson 
et al.  1993 ). In suspected cases of PVRL, defi ni-
tive diagnosis is based upon biopsy (Chap.   6    ). 
The exception is in the setting of existing PCNSL 
and typical ophthalmic fi ndings, in which case 
biopsy of an ophthalmic site is unnecessary. 
Cytology, molecular pathology (including immu-
noglobulin or T-cell receptor gene rearrangement 
studies), immunohistochemistry, fl ow cytometry, 
and cytokine analysis are often required to sup-
port the diagnosis. These techniques are dis-
cussed elsewhere in this monograph (Chaps.   2     
and   3    ).  

8.2.2     Central Nervous System 

 Staging of PCNSL begins with a thorough neuro- 
oncologic history and examination, imaging 
studies, and laboratory evaluation. Individuals 
with PCNSL often present with neurologic symp-
toms and concomitant magnetic resonance imag-
ing (MRI) fi ndings. Neurologic symptoms are 
variable and may include generalized signs of 
increased intracranial pressure (ICP), or more 
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focal symptoms such as weakness, sensory defi -
cits, or aphasia (Doucet et al.  2013 ; Herrlinger 
et al.  1999 ). A thorough discussion on the pre-
senting signs and clinical features of PCNSL is 
included in Chap.   5    . 

 The relationship between PVRL and PCNSL 
is variable with intraocular involvement preced-
ing, occurring simultaneously, or following CNS 
manifestations. Therefore, once the diagnosis has 
been established, it is imperative that all cases of 
PVRL be thoroughly evaluated by a neuro- 
oncologist to exclude CNS involvement at the 
initial diagnosis and periodically thereafter. 
Conversely, regular ophthalmic screening exami-
nations should be part of the initial diagnostic 
evaluation and subsequent management of indi-
viduals diagnosed with PCNSL.  

8.2.3     Neuroimaging 

 Neuroimaging at the time of diagnosis is indi-
cated in all patients with PVRL. Gadolinium- 
enhanced MRI of the brain is the diagnostic 
procedure of choice. Cranial lesions appear as 
multiple isointense nodules on T1-MRI and dem-
onstrate characteristic dense and diffuse contrast 
enhancement. Meningeal enhancement with gad-
olinium contrast is indicative of leptomeningeal 
dissemination (LMD).  

8.2.4     Cerebrospinal Fluid Sampling 

 Cerebrospinal fl uid sampling can also detect 
MD and should be performed in every patient 
with suspected or confi rmed PCNSL. In one 
series of 69 patients, LMD was confi rmed in up 
to 11 % of patients with PCNSL (Kiewe et al. 
 2010 ). Demonstration of malignant lympho-
cytes in the CSF is confi rmatory of the diagnosis 
and typically reveals lymphocytic pleocytosis, 
raised protein concentration, and normal or low 
glucose concentration. Many centers addition-
ally perform CT scans of the chest, abdomen, 
and pelvis to exclude systemic involvement or 
systemic origin of the CNS involvement. 
Visceral involvement is rare at the initial diagno-
sis, but is not uncommon in terminal stages. 

Testicular ultrasound examination is recom-
mended in elderly patients because of frequent 
CNS involvement observed in testicular 
lymphomas.   

8.3     Treatment 

 The clinical management of individuals with 
PVRL and PCNSL remains controversial, and 
optimal treatment strategies have not yet been 
clearly defi ned. At present, treatment planning 
depends signifi cantly upon local expertise. As 
PCNSL is very sensitive to corticosteroids, 
treatment with corticosteroids should be with-
held in suspected cases until tissue diagnosis is 
obtained. Treatment has evolved in the last two 
decades, and there is a general consensus that 
regimens containing high-dose methotrexate, 
with or without whole-brain radiation therapy 
(WBRT), yield better response rates and out-
comes than regimens that do not contain high-
dose methotrexate. A schema outlining our 
current approach of management is shown 
(Fig.  8.1 ).

8.3.1       Ophthalmic Treatment 

 Management of PVRL should be undertaken in 
partnership with a neuro-oncologist who has 
expertise in lymphoma. As a high percentage of 
patients with PVRL eventually develop CNS 
involvement, some experts recommend that the 
treatment goal for PVRL must be to eradicate the 
ocular disease and prevent subsequent CNS 
involvement. Others favor local therapy for dis-
ease confi ned to the eye with close follow-up and 
systemic therapy if evidence of CNS disease 
develops. 

8.3.1.1     Ophthalmic Radiotherapy 
 Local therapies for PVRL include ocular radia-
tion and intravitreal chemotherapy. There has 
been no trial that has compared these therapies 
head to head. At the present time, some experts 
prefer intravitreal chemotherapy, while others 
recommend ocular radiation as fi rst-line  therapy. 
Traditional therapy with ocular  radiation 
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 (35–40 Gy in approximately 15 divided frac-
tions) controls ocular involvement in the major-
ity of cases (Margolis et al.  1980 ), but most 
individuals progress to develop CNS disease 
(Peterson et al.  1993 ). Irradiation of both eyes, 
due to the high incidence of bilaterality, should 
be strongly considered for patients with proven 
PVRL. Radiation therapy to the brain may have 
signifi cant side effects including neurocognitive 
decline in elderly individuals. Therefore, its use 
for prophylaxis in patients without proven CNS 
involvement is not advisable.  

8.3.1.2     Intravitreal Chemotherapy 
 Intravitreal methotrexate as an initial treatment, 
or for those with recurrence following ocular 
radiation therapy, has been investigated in a small 
number of patients with encouraging results 
(Table  8.1 ) (Singh et al.  2005 ). In a study involv-
ing 16 patients, intravitreal methotrexate 
(400 μg/0.1 ml) according to a standard induction-
consolidation- maintenance regimen was given 

over a period of 1 year (Smith et al.  2002 ). All 
patients showed initial tumor control after a max-
imum of 12 methotrexate injections, but three 
patients relapsed. The median follow-up was 
18.5 months (range 6–35 months). Complications 
included cataract (73 %), corneal epitheliopathy 
(58 %), maculopathy (42 %), and vitreous hem-
orrhage (8 %). No patient had irreversible loss of 
vision. Recently, Frenkel and colleagues reported 
their experience with intravitreal methotrexate in 
the largest series to date. They demonstrated clin-
ical remission after a mean of 6.4 ± 3.4 (range, 
2–16) injections of methotrexate in 44 eyes of 26 
patients with PVRL (Frenkel et al.  2008 ).

8.3.1.3        Intravitreal 
Immunomodulatory Therapy 

 Intravitreal rituximab has been shown to pene-
trate the entire retina, and in recent times there 
has been interest in exploring its role in PVRL. 
Small studies have demonstrated the activity of 
intravitreal rituximab as monotherapy for PVRL 
(Singh and Peereboom  2007 ). There have been 
early reports of effi cacy of combination of intra-
vitreal methotrexate and rituximab, and this 
combination remains investigational (Itty and 
Pulido  2009 ). This combination approach is 
attractive as it may decrease the need for multiple 
methotrexate injections and may help in reducing 
toxicity.   

8.3.2     Systemic Therapy 

8.3.2.1     Systemic Chemotherapy 
 Disease relapse in the CNS is a major issue, 
particularly after local treatment with ophthal-
mic radiotherapy or intravitreal chemotherapy. 
Systemic chemotherapy offers the advantage 
of simultaneous treatment of both ocular and 
microscopic intracranial diseases. High-dose 
methotrexate forms the backbone of treatment in 
PCNSL patients (Table  8.1 ). Batchelor and col-
leagues reported their experience in nine patients 
with intraocular involvement of lymphoma treated 
with methotrexate at a dose of 8 g/m 2  (Batchelor 
et al.  2003 ). Potentially cytotoxic, micromolar 
levels of methotrexate were detectable in the 
aqueous and vitreous humor in the majority of 
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  Fig. 8.1    An approach to management of intraocular 
lymphoma       
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patients. An intraocular response was reported 
in seven patients, with complete response (CR) 
in six and a partial response (PR) in one individ-
ual. Effi cacy of ifosfamide or trofosfamide was 
assessed in a recent, prospective, single-center 
study of ten patients with PVRL that were treated 
with these therapies. There was a 100 % response 
rate (nine CRs, one PR) observed that resulted 
in a median overall survival (OS) of 32 months. 
Of the seven relapses seen in the study, fi ve were 
ocular and two occurred in the CNS. 

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

intraocular involvement), in patients treated with 
a complex treatment regimen consisting of intra-
venous methotrexate, vincristine, and thiotepa as 
well as intrathecal methotrexate and cytarabine. 
Although a high initial response was seen, the 
follow-up duration was limited and additional 
therapy was required at relapse (Sandor et al. 
 1998 ). 

 High-dose chemotherapy followed by stem 
cell transplantation has been studied in a limited 
number of trials that have included small num-
bers of patients with ocular disease. These stud-
ies have included both newly diagnosed patients 
and patients with refractory or recurrent disease 
(Abrey et al.  2003 ; Soussain et al.  2001 ,  2008 ). 

    Table 8.1    Chemotherapy    for treatment of primary vitreoretinal lymphoma   

 Author  Year  Cases/eye 

 Treatment method 

 Response (%)  Side effects  Indication  Route  Agent 

 Fishburne  1997  47 eyes  Recurrent  Intravitreal 
with BBB 

 MTX 400 μg  100  Visual loss 15 % 

 Sandor  1998  14  Intravenous 
and intrathecal 

 MTX, 
thiotepa, 
vincristine, 
cytarabine 

 79  Recurrence 71 % 
Neurotoxicity 14 % 

 Soussain  2001  22  Refractory/
recurrent 

 Intravenous  Multi-agent 
chemotherapy 
with stem cell 
rescue 

 75  Recurrence 10 % 
Neurotoxicity 35 % 

 Smith  2002  16/26 eyes  Initial  Intravitreal  MTX 400 μg  100  Recurrence 12 % 
Cataract 73 % 
Epitheliopathy 
58 % 
 Maculopathy 42 % 
Vitreous hem 8 % 
 Optic atrophy 4 % 
Endophthalmitis 
4 % 

 Batchelor  2003  9  Initial  Intravenous  MTX high 
dose 

 78  Recurrence 40 % 

 Frenkel  2008  26/44 eyes  Initial/
recurrent 

 Intravitreal  MTX 400 μg  91  Conjunctival 
hyperemia and 
some form of 
keratopathy 100 % 

 Soussain  2008  43  Refractory/
recurrent 

 Intravenous  Multi-agent 
chemotherapy 
with stem cell 
rescue 

 61  Treatment-related 
mortality ~10 % 

 Jahnke  2009  10  Initial/
recurrent 

 Intravenous/
oral 

 Ifosfamide or 
trofosfamide 

 90  Thrombocytopenia 
or leukopenia 40 % 

  Excluding single-case reports 
  BBB  Blood-brain barrier disruption with mannitol,  MTX  Methotrexate  
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Although ocular response has been reported with 
this aggressive approach, high relapse rates along 
with observed toxicities associated with stem cell 
transplantation make this approach investiga-
tional at the present time. 

 In a report of 221 immunocompetent patients 
with PCNSL and/or PVRL, Grimm and col-
leagues reported no difference in disease progres-
sion rates or OS in patients treated with local 
therapy versus those who received systemic ther-
apies. This study, although the largest series 
reported to date, was an uncontrolled, multi-
center, retrospective study that utilized different 
treatments depending upon the preference of the 
treating physician (Grimm et al.  2007 ). Thus, as 
noted above, there is no consensus on treatment 
of PVRL. An individualized, patient-specifi c 
approach should be taken.   

8.3.3     Central Nervous System 
Treatment 

 Similar to PVRL, treatment of individuals with 
CNS involvement remains investigational, and 
optimal regimens are still being established. 
Historically, WBRT was the mainstay of treat-
ment; however, newer approaches using chemo-
therapy alone or in combination with radiotherapy 
have largely replaced WBRT as a sole therapy. 

8.3.3.1     Surgical Management 
 Surgery, even when radical, does not improve 
survival due to the multifocal and diffuse infi ltra-
tive nature of PCNSL (Chimienti et al.  2009 ). 
Additionally, the deep location of most tumors 
would result in serious and irreversible neuro-
logic damage. Surgical treatment has been inves-
tigated in some centers. One large, retrospective 
study revealed minimal benefi t following surgery 
with a 1-year survival rate of 57 % for complete 
resection, 32 % for partial resection, and 48 % for 
stereotactic biopsy (Bataille et al.  2000 ). In this 
series, approximately 40 % of patients who 
underwent surgical resection experienced a major 
complication; therefore, the benefi ts of surgical 
resection have not been shown to outweigh asso-
ciated risks (DeAngelis et al.  1990 ).  

8.3.3.2     Chemotherapy 
 WBRT, formerly the mainstay of treatment, 
improved the median survival to approximately 
12–18 months from 4 months in untreated 
patients (Deangelis and Hormigo  2004 ). In 1992, 
trials using a combination of methotrexate-based 
chemotherapy and radiotherapy fi rst reported an 
improved median survival of about 40 months 
(Deangelis and Hormigo  2004 ). However, the 
combination of WBRT and chemotherapy is 
associated with a signifi cant risk of neurotoxicity 
in older individuals (Correa et al.  2004 ). A cur-
rent clinical trial by the Radiation Therapy 
Oncology Group (ClinicalTrials.gov Identifi er: 
NCT01399372), however, is testing in a random-
ized fashion the addition of reduced dose WBRT 
in an effort to harness the activity of radiation for 
these patients. Outside of a clinical trial, chemo-
therapy alone is the initial treatment of choice in 
older individuals (60 years) (Deangelis and 
Hormigo  2004 ). As mentioned previously, high- 
dose methotrexate is the most commonly utilized 
chemotherapeutic agent and has been shown to 
be effective at a dose of 8 g/m 2 . 

 One Phase II trial using high-dose methotrex-
ate as monotherapy for 25 patients with PCNSL 
showed a response rate of 74 % (CR 52 % and PR 
22 %) when using a dose of 8 g/m 2  (Batchelor 
et al.  2003 ). Individuals had a progression-free 
survival (PFS) of 13 months and an OS of 
55 months (Gerstner et al.  2008 ).  

8.3.3.3     Blood-brain Barrier Disruption 
 As the blood-brain barrier is a limiting factor, 
which restricts drug entry into the CNS, vari-
ous strategies to circumvent this barrier have 
been evaluated. These include the use of high 
doses of chemotherapy, intrathecal drug delivery, 
intraventricular drug delivery by a reservoir, and 
temporary disruption of the blood-brain barrier 
(BBBD) with intra-arterial mannitol infusion 
(Deangelis and Hormigo  2004 ). In a large multi- 
institutional experience of 149 newly diagnosed 
PCNSL patients (with no prior WBRT) that were 
treated with osmotic BBBD and intra-arterial (IA) 
methotrexate, an overall response rate of 82 % 
(58 % CR; 24 % PR) was reported with a median 
PFS and OS of 1.8 and 3.1 years,  respectively 
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(Angelov et al.  2009 ). Maculopathy is an ocular 
complication associated with BBBD with manni-
tol (Galor et al.  2007 ). The characteristic fi ndings 
include RPE clumping in the macula and hyper-
pigmentation in the foveal region associated with 
variable RPE atrophy. Mannitol maculopathy is 
typically bilateral, but often asymmetric. Unlike 
age-related wet macular degeneration, there is 
absence of subretinal fl uid or macular edema. 
The maculopathy may progress, even after com-
pletion of treatment.  

8.3.3.4    Multi-Agent Regimens 
 In recent years high-dose methotrexate- 
containing multi-agent regimens have been 
commonly adopted as the preferred treatment 
option for this disease entity. One multicenter 
trial enrolled 102 patients with meth-based com-
bination therapy of methotrexate, procarbazine, 
and vincristine along with intrathecal (IT) meth-
otrexate, and WBRT showed a high response 
rate (58 % CR, 26 % PR) but also had high 
CNS toxicity (DeAngelis et al.  2002 ). Another 
treatment protocol included intravenous (IV) 
and IT methotrexate along with IV thiotepa and 
procarbazine with WBRT (Omuro et al.  2005 ). 
Although high response rates were observed, 
the toxicity profi le remained high. The timing 
and dose of whole- brain radiotherapy are still 
unclear, given the signifi cant risks of late neu-
rotoxic effects, and there is an ongoing large 
cooperative group study (ClinicalTrials.gov 
Identifi er: NCT01399372) to evaluate the role 
of radiation in upfront treatment of PCNSL.    

8.4     Prognosis 

 Survival after whole-brain radiation therapy 
ranges from 12 to 18 months. The survival 
increases to an average of 36–48 months follow-
ing high-dose methotrexate-based chemotherapy 
regimen alone or chemotherapy followed by radi-
ation. (Char et al.  1988 ; Freeman et al.  1987 ; 
Margolis et al.  1980 ) Age less than 60 years at 
diagnosis and high initial performance status are 
well-recognized favorable prognostic factors in 
PCNSL (Blay et al.  1998 ; Abrey et al.  2006 )The 

International Extranodal Lymphoma Study 
Group also devised a prognostic scoring system 
comprising of fi ve variables associated with poor 
prognosis that include age greater than 60 years, 
Eastern Cooperative Oncology Group perfor-
mance status greater than 1, increased CSF pro-
tein level, increased serum lactate dehydrogenase 
level, and tumor involvement of the deep regions 
within the brain (basal ganglia, periventricular 
regions, brain stem, or cerebellum) (Ferreri et al. 
 2003 ). Involvement of brain stem and meninges 
implies an unfavorable prognosis (Blay et al. 
 1998 ). Expression of p53, c-Myc, or Bcl-6 also 
suggests a poor prognosis (Chang et al.  2003 ). 
The presence or absence of retinal involvement in 
the setting of existing CNS disease is not a prog-
nostic factor that infl uences survival (Blay et al. 
 1998 ).     
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9.1            Introduction 

 Oftentimes it is challenging even for the patholo-
gist to distinguish an RLH lesion from various 
types of lymphoma, which, in this location, are 
most frequently of the small mature lymphocyte 
type. Indeed, the histologic architectural abnor-
malities and cytologic atypia of lymphoid prolif-
erations, as indicators of potential neoplasia, are 
diffi cult to reliably identify morphologically. 
Before the advent of immunohistochemistry 
(IHC) and molecular methods, OAL were classi-
fi ed solely based on the histomorphologic char-
acteristics into benign or RLH and malignant or 
lymphoma. An additional category of atypical 
lymphoid hyperplasia was introduced to accom-
modate cases with indeterminate histologic fea-
tures and further complicated the already diffi cult 
distinction between benign and malignant lym-
phoid proliferations. It has now become clear that 
ancillary studies are essential in classifying the 
benign or malignant nature of lymphoid prolifer-
ations based on clonality and aberrant expression 
of surface and cytoplasmic antigens.  

9.2     Epidemiology 

 RLH accounts for 10–20 % of all ocular adnexal 
lymphoid proliferations in two large series of 
orbital lesions (Shields et al.  2004 ; Shinder et al. 
 2010 ). The age at presentation for RLH is wide-
spread, varying between 7 and 80 years with a 
mean of 40–50 years depending on the study, and 
is not signifi cantly different from the mean age of 
presentation for ocular lymphomas. RLH does 
not appear to have consistent gender predomi-
nance in various studies, with reported male to 
female ratios leaning either way (Shinder et al. 
 2010 ; Mannami et al.  2001 ; Stacy et al.  2010 ). 
Reports vary also regarding the predominant site 
of involvement, some describing RLH more fre-
quently in the orbit, including the lacrimal gland 
and sac, and others in the conjunctiva (Fig.  9.1 ). 
Involvement of the eyelid has also been described 
but appears less common (Stacy et al.  2010 ; 
Coupland et al.  1998 ; Knowles et al.  1990 ). 
These differences may stem from different selec-
tion criteria for biopsy at various institutions and 
the resulting bias in tissue sent for examination. 
RLH is unilateral in the majority of cases, but 
bilateral orbital lesions or unilateral lesions asso-
ciated with RLH in other body sites (salivary 
glands, axilla) are not uncommon, and are most 
frequently the manifestation of an autoimmune 
disease such as Sjögren’s syndrome.

   The clinical manifestations of RLH vary 
and depend on the site of involvement. Patients 
with conjunctival lesions often complain of 
foreign body sensation and show superfi cial 
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“ salmon- patch” lesions. RLH involving the orbit 
or eyelid manifests with symptoms of swell-
ing, fullness, exophthalmia, pain, and decreased 
visual acuity and may show palpable rubbery 
masses beneath the orbital rim on inspection. The 
size of the lesions is variable. CT imaging studies 
typically show one or multiple contrast-enhanced 
infi ltrative masses in the eyelids or orbit, with 
molding to the ocular globe and other adjacent 
structures and extension along the rectus mus-
cles. Features like mass heterogeneity and lack of 
bone destruction have been associated with RLH 
but lack sensitivity or specifi city in distinguish-
ing RLH from lymphoma (Westacott et al.  1991 ). 
On MRI, RLH lesions are enhanced with gado-
linium, with T1-weighted signal that is hypo- or 
isointense and T2-weighted signal that is hyper-
intense to muscle. On ultrasound imaging, RLH 

appears as a variably shaped, regular acoustic 
structure with low to medium refl ectivity. 

 The clinical and epidemiological characteris-
tics of RLH described above are largely nonspe-
cifi c and of little value for the differential 
diagnosis of lymphoma, which relies on histo-
logic examination and molecular studies.  

9.3     Etiology 

 The etiology of RLH is unclear. One hypothesis, 
based on knowledge from other organ sites, pro-
poses that RLH represents a temporary benign 
precursor lesion with potential to progress to 
lymphoma. This theory postulates that RLH is 
initiated from a T-cell immunoregulatory imbal-
ance that drives an exuberant proliferation of 

a b

c d

  Fig. 9.1    Clinical presentations of reactive lymphoid 
hyperplasia. Salmon-patch lesion of the right eye which 
was biopsy proven RLH ( a ). Inset shows a lesion on the 
bulbar conjunctiva that was limited to the medial canthal 
region. Facial photograph of a patient with bilateral RLH 
of the lacrimal gland demonstrating fullness of both 
orbits and cheeks ( b ). Fundus photograph of the right eye 

of the same patient reveals creamy choroidal lesions con-
sistent with uveal reactive hyperplasia ( c ). The inset 
demonstrates choroidal thickening observed on OCT 
( arrow ). The left fundus and OCT revealed similar fi nd-
ings. MRI of same patient demonstrates bilateral lacri-
mal gland swelling ( d ). Reproduced with permission 
from: Stacy et al. ( 2010 )       
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B cells (Jakobiec  2008 ). The initially polyclonal 
B-cell proliferation, as hallmark for a benign 
lesion, may evolve in time to spawn multiple 
small B-cell clones (oligoclones), of which one 
may eventually come to predominate and form 
the basis for a neoplastic proliferation as in the 
case of marginal zone lymphoma. Whereas in 
stomach and small bowel chronic infl ammatory 
stimulation produced by infections with 
 Helicobacter pylori  and  Campylobacter jejuni  
has clearly been shown to carry a risk for pro-
gression to mucosa-associated lymphoid tissue 
(MALT) extranodal marginal zone B-cell lym-
phoma, no such association has been unequivo-
cally proven for ocular and adnexal lymphoid 
proliferations. Some studies have reported a pos-
sible association between infection with 
 Chlamydia psittaci  and ocular lymphoid prolif-
erations, in particular MALT lymphoma (Ferreri 
et al.  2005 ). However, several subsequent studies, 
including one from our institution, have failed to 
reproduce these results (Ruiz et al.  2007 ; Rosado 
et al.  2006 ; Vargas et al.  2006 ). Another infec-
tious agent, proposed as causative in at least a 
group of RLH, is the Epstein-Barr virus, which in 
one case report was described as productive of a 
temporary and clonal B-cell proliferation in the 
conjunctiva that eventually disappeared without 
treatment. Such “reactive” EBV-induced B-cell 
clones complicate the initial histologic interpre-
tation and act as a mimicker for lymphoma 
(Sharara et al.  2003 ). 

 A recent report described that an underlying 
multisystem infl ammatory or autoimmune dis-
ease can be identifi ed in approximately 50 % of 
RLH cases (Kubota and Moritani  2007 ). Of these 
underlying conditions, Sjögren’s syndrome was 
the most frequent (4/7 cases), followed by 
Graves’ disease, lupus erythematosus, and bul-
lous pemphigoid (1/7 cases, each). Autoimmune 
diseases were identifi ed also in patients with ocu-
lar MALT lymphoma but in a much lower pro-
portion. The association between RLH and 
autoimmunity suggests again a possible role that 
chronic immune stimulation by autoimmune 
antigens may play into the development of poly-
clonal RLH which can potentially progress in a 
subset of cases to monoclonality and lymphoma. 
A recent case report attempted to illustrate such 

progression by describing a case of conjunctival 
MALT lymphoma in a patient with a contralat-
eral lesion that was best classifi ed histologically 
as RLH but revealed monoclonality on additional 
molecular studies (Fukuhara et al.  2012 ). 

 Other recent reports showed that in a number 
of RLH cases, subtle infi ltration with plasma cells 
and focal fi brosis can be identifi ed, as well as an 
increased serum IgG4:IgG ratio (Kubota and 
Moritani  2007 ; Matsuo et al.  2010 ). This group of 
patients had a different clinical history and diverse 
systemic associations than those with normal 
serum IgG4:IgG ratio, and the disease was shown 
to be occasionally associated with other IgG4-
related conditions and even with B-cell clonality.  

9.4     Histopathology 

9.4.1     Light Microscopy 

 Reactive lymphoid hyperplasia (RLH) is regarded 
as a benign and reversible proliferation of lym-
phoid tissue, composed of an admixture of pre-
dominantly T cells and B cells with a polyclonal 
immunoglobulin profi le. Most commonly, RLH 
presents as a dense infi ltration of small, histologi-
cally bland lymphocytes with the formation of 
reactive lymphoid follicles of varying sizes, in an 
arrangement similar architecturally to that of a 
normal lymph node. Most follicles are round to 
oval but some may coalesce to form irregular- 
shaped structures. The germinal centers are 
expanded and composed of a mixture of centro-
cytes (small B cells with irregular or cleaved 
nuclei) and centroblasts (larger B cells with 
round to oval, non-cleaved nuclei and prominent 
nucleoli) (Fig.  9.2 ). The interfollicular areas are 
expanded, with prominent mantle zones. Other 
histologic features of RLH include prominent 
interstitial capillaries and the presence of admixed 
plasma cells, histiocytes, and rare eosinophils.

9.4.2        Immunohistochemistry (IHC) 

 Since the early 1980s IHC has emerged as an 
invaluable ancillary technique and is now com-
monplace in the standard diagnostic approach. 
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Relatively newer methods have been developed 
for detailed profi ling of cell surface antigens like 
fl ow cytometry. The immunophenotypic profi l-
ing of lymphoid proliferations has greatly 
reduced the intra- and interobserver variability of 
morphologic interpretations and is essential for 
an accurate diagnosis. 

 Immunophenotypically (Fig.  9.2 ), the lym-
phocytes in RLH are a mixture of B cells (CD20- 
positive), mostly present in the follicles, and 
immunoregulatory T cells (CD3-positive, pre-
dominantly CD4-positive), primarily found in 
interfollicular areas and scattered in the follicular 
centers. Within the follicles, a meshwork of 
antigen- presenting follicular dendritic cells 
(CD21- and CD23-positive) is present, and 
tingible- body macrophages (CD68-positive) are 
also scattered in between B lymphocytes. Cell 
proliferation, as determined by the presence of 
mitoses or by IHC for the proliferation marker 
Ki67, is restricted to the germinal centers in a 
polarized manner. The reactive germinal centers 
are also positive for BCL6 (marker of B-cell acti-
vation) and CD10 (follicle center marker), and 
negative for BCL2 (antiapoptotic factor), which 
may only stain the rare T cells present in the fol-
licles. BCL2 may also stain B cells in the mantle 
and marginal zone areas of the follicles’ periph-
ery. IHC for kappa and lambda immunoglobulin 
light chains usually shows a polytypic pattern of 
expression in the mantle zone B cells and the 
admixed plasma cells in the interfollicular areas. 

 Detecting the immunoglobulin light chain 
profi le on B lymphocytes, while important diag-
nostically, is much more diffi cult by conventional 
IHC than on plasma cells in routine specimens. 
This is both because of the signifi cantly lower 
expression of these proteins in B lymphocytes 
compared to plasma cells and due to antigen loss 
following formalin fi xation resulting in high lev-
els of background. An alternative and relatively 
newer method for detecting immunoglobulin light 
chain expression, chromogenic in situ hybridiza-
tion (CISH), measures the intracellular levels 
of mRNA transcripts in formalin-fi xed paraffi n-
embedded samples with signifi cantly reduced 
background staining compared to IHC (Beck 
et al.  2003 ). Recent refi nements of CISH meth-
odology involving increased signal  amplifi cation 

boast a level of sensitivity approaching single 
molecule detection while maintaining a low 
background (Wang et al.  2012 ). On platforms 
like RNAscope (Advanced Cell Diagnostics), 
CISH for Ig-kappa/lambda mRNA expression 
is ideal for detecting light chain B-cell clonality 
patterns in lymphoid proliferations.  

9.4.3     Flow Cytometry 

 When enough fresh material is available, fl ow 
cytometry analysis is an extremely useful method 
for analyzing the overall cellular composition (B, 
T, NK lymphocytes) and the detailed immuno-
phenotype of the lymphoid proliferation, includ-
ing the pattern of expression for kappa and 
lambda surface immunoglobulin light chains in B 
cells. With more recent improvements that allow 
the analysis of 6, 8, or more concomitant markers 
in a single tube, fl ow cytometry can identify very 
small abnormal cell populations comprising less 
than 1 % of the total events in the cell suspension, 
which could otherwise be missed on conventional 
IHC phenotyping. In one study, fl ow cytometry 
showed 94 % sensitivity and 96 % specifi city for 
detecting clonal populations in ocular/orbital 
lymphoma lesions (Sharara et al.  2003 ). 

 Whereas polytypic B- and T-cell populations 
are the hallmark of benign lymphoid prolifera-
tions, caution is required when interpreting the 
data, as exceptions have been described. Apparent 
immunoglobulin light chain restriction was 
reported in a rare case of RLH that demonstrated 
positivity for EBV antigens, but was only tempo-
rary, resolving spontaneously with no therapeutic 
intervention (Sharara et al.  2003 ). Conversely, 
lymphoma is not automatically excluded by an 
apparent polytypic pattern of a lymphoid prolif-
eration, which must be correlated with the histo-
logic aspects and additional molecular studies 
(Sharara et al.  2003 ).  

9.4.4     Polymerase Chain Reaction 

 Nucleic acid amplifi cation by polymerase 
chain reaction (PCR) has replaced the lengthy 
Southern blotting methodology for detecting 
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clonal  rearrangements of the immunoglobu-
lin heavy chain locus ( IGH ), as well as  BCL2/
IGH  rearrangements. Southern blots for T- and 
B-cell clonality require large quantities of DNA 

derived from frozen tissue, as the approach 
depends on predictable gel patterns produced via 
endonuclease digestion. Current clonality stud-
ies by PCR are performed on DNA extracted 
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  Fig. 9.2    Histologic and immunophenotypic features of 
reactive lymphoid hyperplasia. RLH is composed of reac-
tive lymphoid follicles with prominent polarized germinal 
centers on H&E ( a ). The follicles contain mostly CD20-
positive B cells ( b ). Scattered CD3-positive T cells are 
present in the interfollicular areas, mantle zone, and ger-

minal center ( c ). The B cells in the germinal centers are 
CD10- and BCL2-positive ( d ,  e ). BCL2-positive B cells 
are present in the mantle zone but not in the germinal cen-
ter ( f ). Cyclin-D1 is positive only in rare lymphocytes ( g ). 
Scattered plasma cells are polytypic for kappa and lambda 
immunoglobulin light chains ( h ,  i )       
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from  formalin- fi xed paraffi n-embedded tissue. 
Most studies have reported good to excellent 
sensitivities and specifi cities for this method 
for both systemic lymphoproliferative disorders 
and those involving the eye and orbit, including 
RLH (Mannami et al.  2001 ; Sharara et al.  2003 ; 
McKelvie  2010 ). However, correlation with his-
tologic, IHC, and fl ow cytometry data is always 
required.   

9.5     Differentiation Between RLH 
and Lymphoma 

 In the initial differential diagnosis of an OAL, 
several histologic features and patterns encoun-
tered in RLH lesions may mimic those of lym-
phoma and may complicate the interpretation and 
the subsequent ancillary work-up. Some of these 
features are summarized below. 

 Primary lymphoid follicles, devoid of germi-
nal centers, and composed only of small 
monotonous- appearing naïve lymphocytes, with 
no intervening dendritic cells, may be present in 
RLH. Although these BCL2-positive follicles 
may appear malignant, they have reactive inter-
follicular areas and are negative for CD10 and 
BCL6, refl ecting their lack of germinal center 
formation. They also lack large centroblasts as 
typically observed in certain types of lymphoma, 
follicular lymphoma in particular (see below). 

 Distinguishing RLH from certain types of 
lymphoma that can also display a follicular 
architecture is often diffi cult on morphology 
alone (Chap.   2    ). In follicular lymphoma, the fol-
licles are more tightly packed, monotonous in 
size, often without a mantle zone, and are com-
posed of monomorphic centrocytes. The follicle 
centers are characteristically positive for BCL2 
and show a more diffuse cell proliferation. It has 
been described that rare BCL2-positive germi-
nal centers in a background of seemingly RLH 
usually harbor monoclonal B-cell populations 
and constitute examples of early or “in situ” 
follicular lymphoma. In extranodal marginal 
zone lymphoma, the typical infi ltrate consists 
of small lymphocytes with patchy clusters of 
plasma cells and monocytoid areas and scattered 

 polykaryocytes (multinucleated cells, resembling 
follicular  dendritic cells). Follicles, when pres-
ent, can be intact or fragmented, with occasional 
“colonized” germinal centers best demonstrated 
by a CD21 or CD23 immunostain that highlights 
the follicular meshwork of antigen-presenting 
follicular dendritic cells. Infi ltration of epithelial 
structures with resulting lymphoepithelial lesions 
is characteristic and permits distinction from 
other types of low-grade lymphoma. The neo-
plastic lymphocytes are negative for CD5, CD10, 
or cyclin-D1 in the majority of cases. Mantle cell 
lymphoma, a rare entity in the orbit, shows fol-
licles with expanded mantle zones and diffuse 
infi ltrates or colonization of normal follicles by 
small atypical lymphocytes that are characteristi-
cally positive for cyclin-D1.  

9.6     Clinical and Pathologic 
Variants 

9.6.1     Atypical Lymphoid 
Hyperplasia 

 The ambiguous category of atypical lymphoid 
hyperplasia (ALH) has been initially used to 
describe lymphoid proliferations with scattered 
large atypical cells, often with immunoblast mor-
phology, increased interfollicular mitotic activity, 
or presence of small cells with irregular nuclear 
contours (Jakobiec et al.  1979 ). It has subse-
quently been used for lymphoid lesions with gen-
erally indeterminate histologic features such as 
diffuse proliferations of small mature lympho-
cytes without atypical features suggestive of neo-
plasia but also lacking germinal centers or mixed 
leukocyte composition indicative of a reactive 
process. The development of immunohistologic 
markers of molecular clonality has lessened the 
need for classifying lymphoid proliferations in 
the indefi nite atypical category, as many lesions 
with “atypical” features can now be reliably clas-
sifi ed directly as lymphoma on the basis of phe-
notypic or genotypic lymphocyte clonality. 
However, this category is still used by some 
authors to describe certain lymphoid lesions 
lacking B-cell clonality but with proliferating 
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behavior suggesting lymphoma. At our institu-
tion, this category is not used, and OAL with 
indeterminate histologic features are ultimately 
classifi ed as RLH or lymphoma on the basis of 
Ig-kappa/lambda expression pattern and/or the 
presence or absence of clonal molecular 
rearrangements.  

9.6.2     Progressive Transformation 
of Germinal Centers 

 A reactive process commonly associated with 
nodal follicular hyperplasia, progressive transfor-
mation of germinal centers (PTGC), is recently 
described also within the spectrum of ocular 
RLH (Amin and Ramsay  2012 ). It has been pro-
posed that nodal PTGC is part of a progressive 
sequence starting with follicular hyperplasia, fol-
licular lysis, and eventual PTGC caused by 
inward migration of T cells followed by mantle B 
cells. PTGC can be focal and limited to a small 
number of follicles or can be fl orid, involving 
numerous germinal centers. The inward migra-
tion of T cells and mantle B cells results in frag-
mentation of the germinal center into islands of 
centrocytes and centroblasts with obscuring of 
the mantle zone that gives the germinal center a 
“moth-eaten” edge. The pathogenesis of this pro-
cess is unknown. PTGC has been associated with 
an increased incidence in nodular lymphocyte- 
predominant Hodgkin lymphoma (NLPHL). 
NLPHL is extremely rare in the orbit and is diag-
nosed by identifying the “lymphocyte- 
predominant” (LP) cells that are large, often 
surrounded by a collarette of CD3-, CD57-,  and/
or PD1-positive T cells, and are themselves posi-
tive for BCL6, occasionally positive for CD30 
and negative for CD15 and CD20. PTGC must be 
differentiated from follicular colonization by 
small cell B-cell lymphomas, usually marginal 
zone lymphoma or rarely mantle cell lymphoma, 
leading to expansion of existing reactive germi-
nal centers by small B cells. A helpful feature to 
distinguish between PTGC and B-cell lympho-
mas colonizing germinal centers is the clustering 
of T cells around the germinal center remnants in 
cases of PTGC. PTGC is usually associated with 

a background of RLH. Immunohistochemical 
staining for CD10 may help in distinguishing 
from follicular lymphoma, as only a few rem-
nants of CD10 follicle center B cells are present 
in PTGC (Amin and Ramsay  2012 ).  

9.6.3     Castleman’s Disease 

 A benign infl ammatory condition, Castleman’s 
disease, has rarely been described affecting the 
orbit (Venizelos et al.  2010 ) and could in princi-
ple be considered a subtype of RLH. The disease 
is characterized by atrophied follicles with 
hyaline- vascular structures and expanded mantle 
zone in a characteristic “onion-skin” fashion. 
Mantle cell lymphoma, with prominent mantle 
zones, is in the differential diagnosis of this con-
dition but is distinguished by the lack of hyaline- 
vascular lesions and cyclin-D1 positivity. 
Sclerotic follicles can be seen in follicular lym-
phoma, but in this neoplasm the mantle zones are 
not prominent, and the immunophenotype is 
characteristic with BCL2-positive germinal cen-
ters. The rare plasma cell variant of Castleman’s 
disease has an increased association with several 
types of neoplasms including lymphoma.  

9.6.4     Benign Infl ammatory 
Conditions 

 Orbital “pseudotumor” is an infl ammatory lesion of 
the orbit that, unlike RLH, is characterized by acute 
onset of ocular symptoms (pain, erythema, edema, 
loss of visual acuity) and a mixed infl ammatory 
infi ltrate composed of T and B cells, neutrophils, 
eosinophils, and prominent progressive vasculo-
centric fi brosis. The disorder is associated with sys-
temic autoimmune diseases such as rheumatoid 
arthritis, infl ammatory bowel disease, or Wegener 
granulomatosis and may be related to the IgG4-
associated systemic disease (Origuchi et al.  2012 ). 

 Other systemic benign infl ammatory  conditions 
such as lupus erythematosus or Kikuchi- Fujimoto 
disease can also rarely affect the orbit, but the 
diagnosis should be prompted by the clinical pre-
sentation and the systemic involvement.   
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9.7     Treatment and Prognosis 

 The current treatment options for RLH lesions 
include a wait-and-watch approach or specifi c 
therapy. The latter option has no established 
defi nitive recommendations or guidelines for 
management but is most often adopted because 
of the location and symptomatology. An impor-
tant aspect of management is monitoring for the 
risk of RLH to evolve to systemic lymphoma. 
Such risk has been estimated in older reports to 
be 27–29 % (Knowles et al.  1990 ; Knowles and 
Jakobiec  1980 ; Polito and Leccisotti  1996 ). 
Recent studies with more accurate diagnosis 
based on improved ancillary methods indicated 
the risk to be lower, less than 10 % (Mannami 
et al.  2001 ), and managed to more precisely dis-
tinguish RLH from neoplastic proliferations, 
showing a clear dichotomy in the clinical course 
of the two disease categories (Coupland et al. 
 1998 ; Sharara et al.  2003 ). Regardless of the 
treatment option and of the actual real chance of 
progression to lymphoma, careful clinical fol-
low- up is still preferred and recommended in all 
cases of RLH. Specifi c therapy includes systemic 
corticosteroids, to which patients show an initial 
but often unsustained response. Surgical excision 
or cryotherapy may also be considered but carry 
the risk of scar formation and cosmetic altera-
tions. Local radiotherapy, usually limited to 
15–20 Gy, may also be effective for localized 
lesions. The recurrence rate for RLH after low- 
dose external beam radiotherapy has been 
reported at 5 % after 5 years follow-up in one 
study (Kennerdell et al.  1999 ). For lesions that 
are diffuse, refractory, or recurrent, the use of 
low-dose chemotherapy such as chlorambucil 
may be necessary for control. 

 Recent reports have described the successful 
use of biological response modifi ers such as 
rituximab of bevacizumab in the treatment of 
RLH. Rituximab, a chimeric monoclonal anti-
body, targets the CD20 surface B-cell antigen. 
Rituximab is thought to promote the immune- 
mediated depletion of CD20-positive B cells and 
is approved for the treatment of several types of 
B-cell lymphomas, rheumatoid arthritis, and 
other autoimmune diseases. In the case of orbital 

RLH, rituximab therapy has been reported to 
result in 91 % responsiveness (Witzig et al. 
 2007 ), reduce the infi ltrate size, and allow for 
consolidative radiotherapy (Talaulikar et al. 
 2010 ). Bevacizumab is an anti-vascular endothe-
lial growth factor (VEGF)-A antibody approved 
for the treatment of metastatic colorectal cancer 
and studied as a treatment option for conditions 
that induce neovascularization of the ocular sur-
face. Bevacizumab has been used successfully as 
an alternative therapy in a case of RLH with 
hypervascular infi ltrates and medial limbal neo-
vascularization that was not a candidate for surgi-
cal excision or radiation (Oh et al.  2011 ).  

9.8     Summary 

 Representing the benign side of the OAL spec-
trum, RLH demonstrates clinical and radiologic 
features that are similar or indistinguishable from 
most lymphomas but require very different man-
agement and are associated with different clinical 
outcomes. The diagnosis of RLH and its impera-
tive differentiation from lymphoma is ultimately 
accomplished by the pathologist based on histo-
logic examination, supplemented with ancillary 
and invaluable immunophenotypic and molecu-
lar tools. Early detection, accurate diagnosis with 
improved methods, and new therapeutic options 
are promising factors for further improving the 
outcome of RLH and decreasing its risk of pro-
gression to lymphoma.     
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10.1           Introduction 

 T-cell lymphomas represent the smaller subsets 
of non-Hodgkin’s lymphoma (NHL) and are 
much less common than their B-cell counterpart. 
Ocular and adnexal T-cell lymphomas are par-
ticularly rare and mostly secondary to systemic 
disease (Jakobiec and Knowles  1989 ; Cook 
et al.  1999 ; Ferry et al.  2007 ; Woolf et al.  2012 ). 
Compared with its B-cell counterpart, T-cell lym-
phoma is more rapidly aggressive and carries a 
poorer prognosis (Gisselbrecht et al.  1998 ). In 
patients with a low international prognostic index 
(IPI) score of 1–2 (good prognosis), 5-year over-
all survival is 55 % in those with T-cell lympho-
mas and 71 % in those with B-cell lymphomas; 
the overall survival difference is also refl ected 
in patients with an IPI greater than 2 (poor 
prognosis), 11 and 35 %, respectively (Melnyk 

et al.  1997 ). T-cell lymphomas, however, are 
 heterogeneous and show varying clinical char-
acteristics, prognosis, and therapeutic responses. 

10.1.1    Classifi cation of T-Cell 
Lymphoma 

 In the 1960s, Henry Rappaport proposed the fi rst 
clinically relevant classifi cation of lymphoma. 
However, lymphoma of T-cell origin was fi rst 
differentiated from its B counterpart by the sys-
tem developed by Robert Lukes and Robert 
Collins using a camera lucida approach (Lukes 
and Collins  1974 ). In this classifi cation, there 
were fi ve subtypes of T-cell lymphoma. 
Subsequently, Kiel classifi cation and its updated 
form also categorized lymphomas as T- or B-cell 
subtype based on ultrastructure and immunophe-
notype (Lukes and Collins  1974 ,  1975 ; Stansfeld 
et al.  1988 ). 

 In 1994, the Revised European-American 
Classifi cation of Lymphoid Neoplasms (REAL) 
was published by the International Lymphoma 
Study Group (Harris et al.  1994 ). The REAL 
classifi cation not only had a distinction between 
lymphomas derived from B and T lymphocytes, 
it also differentiated neoplasms stemming from 
precursor and mature peripheral components. 
The REAL classifi cation infl uenced a new round 
of lymphoma classifi cation initiated by the World 
Health Organization (WHO). 

 In 2001, WHO classifi cation became the leading 
system for lymphoma classifi cation. All lymphomas 
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were classifi ed into three basic types: B-cell, T-cell 
and natural killer (NK)-cell neoplasms, and Hodgkin 
lymphoma. The fourth edition of the WHO classifi -
cation published in 2008 reveals a better understand-
ing based on clinical and clinicopathological entities 
(World Health Organization  2008 ). Like B-cell lym-
phoma, T-cell lymphoma is further classifi ed into 
two categories: precursor T-cell lymphoblastic neo-
plasms derived from maturing thymocytes and 
peripheral T-cell lymphomas (PTCL) from mature 
post-thymic T cells (Harris et al.  1994 ; World Health 
Organization  2008 ; De Leval et al.  2009 ). Precursor 
T-cell lymphoblastic lymphoma includes acute 
T-cell lymphoblastic leukemia (T-ALL) and T-cell 
lymphoblastic lymphoma (T-LBL), the T-lineage 
counterparts of B-ALL/LBL, respectively. These 
T-cell lymphomas are most aggressive and com-
monly affect adolescents and young adults. The 
mature PTCL encompasses less than 15 % of all 
NHL. It is further divided based on clinical features 
such as leukemic or disseminated, extranodal, cuta-
neous, and nodal subtypes (World Health 
Organization  2008 ). Cutaneous T-cell lymphomas 
or primary cutaneous T-cell lymphoma (PCTCL) 
belongs to the lymphomas of mature T cells, is gen-
erally less aggressive, and has a different prognosis 
and different treatment approach than other PTCLs. 
Mycosis fungoides (MF) is the most common 
PCTCL and is characterized by a slow growing can-
cer in the skin appearing as a scaly red rash on the 
body with no unusual exposure to the sun (Beyer 
et al.  2011 ). PTCL unspecifi ed (PTCL-US), 
accounting for 25.9 % of PTCL, is the most com-
mon and heterogeneous category (Vose et al.  2008 ; 
Savage et al.  2011 ). The other subtypes of PTCL 
include angioimmunoblastic type (18.5 %), NK/T-
cell lymphoma, nasal type (10.4 %), and adult T-cell 
leukemia/lymphoma (ATLL; 9.6 %) (Vose et al. 
 2008 ). All PTCLs have been reported to affect the 
eye and/or ocular adnexal tissues.  

10.1.2     Primary and Metastatic 
T-Cell Lymphoma 

 PTCL is the major type affecting ocular and adnexal 
tissues. Ferry et al. studied 353 cases of ocular 
adnexal lymphoma and found only two cases of 
T-cell origin (Ferry et al.  2007 ). Another study 

reported that only 5 of 192 (2.6 %) consecutive 
lymphoma patients with orbital involvement are 
secondary to T-cell lymphoma (Woolf et al.  2012 ). 

 Although rare, T-cell neoplasm can affect all the 
ocular and adnexal tissues that B-cell lymphoma 
does, including intraocular tissues and ocular 
adnexa (the eyelids, conjunctiva, orbit, extraocular 
muscles, or lacrimal gland). Primary presentation 
of both intraocular T-cell lymphoma (known as 
primary vitreoretinal lymphoma [PVRL], a subset 
of primary central nervous system lymphoma 
[PCNSL]), and adnexal T-cell tumor is extremely 
rare (Coupland et al.  1999 ). To date, very few cases 
of T-cell PVRL without associated MF have been 
reported (Goldey et al.  1989 ; Jensen et al.  1994 ; 
Lobo et al.  2003 ; Coupland et al.  2005 ; Mihaljevic 
et al.  2010 ). Coupland et al. studied seven cases of 
ocular and adnexal lymphoma with T-cell and 
NK/T-cell origin, fi nding only one case to be pri-
mary PTCL adnexal lymphoma (Coupland et al. 
 1999 ). In addition to this case, only a few other 
cases of primary adnexal T-cell lymphoma have 
been reported (Hirasaka et al.  1992 ; Leidenix et al. 
 1993 ; Lee et al.  2006 ; Janatpour et al.  2007 ; Chen 
et al.  2009 ; Amit et al.  2012 ), with two of the cases 
being diagnosed in young children (Leidenix et al. 
 1993 ; Amit et al.  2012 ). 

 Contrastingly, most cases of intraocular and 
adnexal T-cell lymphoma are metastatic from sys-
temic malignancy (Coupland et al.  1998 ; Hoffman 
et al.  2003 ; Levy-Clarke et al.  2008 ). In intraocular 
T-cell lymphoma, more than 50 cases confi rmed by 
cytology/pathology have been reported (Qualman 
et al.  1983 ; Reim et al.  1990 ; Ridley et al.  1992 ; 
Kohno et al.  1993 ; Brown et al.  1994 ; Cochereau 
et al.  1996 ; Merle et al.  2005 ; Levy-Clarke et al. 
 2008 ; Cimino et al.  2009 ; Lee et al.  2010 ; Liu et al. 
 2010 ; Mihaljevic et al.  2010 ; Wickremasinghe 
et al.  2010 ; Reddy and Kim  2011 ; Shunmugam 
et al.  2011 ; Mudhar et al.  2012 ; Yoo et al.  2012 ). 
Approximately 80 % of them had a primary neo-
plasm outside the eye (Coupland et al.  2005 ).  

10.1.3    Epidemiology 

 T-cell lymphomas are uncommon malignancies 
accounting for 10–15 % of all NHL (The Non- 
Hodgkin’s Lymphoma Classifi cation Project 
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 1997 ). Although there are many different sub-
types of T-cell lymphoma, most of them are 
extremely rare and diagnosed in only a few 
patients per year worldwide. Some T-cell lym-
phoma subsets appear to have distinguished geo-
graphical predilections (Anderson et al.  1998 ). 
PTCL has a higher incidence in Asia than in 
Europe and North America (Kwong et al.  2009 ); 
PTCL-US is more common in North America 
than in European and Asian countries, while 
angioimmunoblastic T-cell lymphoma (AITL) is 
found more often in Europe (Foss et al.  2011 ). 
NK/T-cell lymphoma occurs most commonly in 
East Asia, frequently in Native Americans in 
Mexico and South/Central America, but rare in 
Europe (Aozasa et al.  2008 ; Kwong et al.  2009 ; 
Aozasa and Zaki  2011 ). ATLL commonly occurs 
in southwestern Japan, Central Africa, and the 
Caribbean (Jang et al.  2012 ). In addition to race- 
linked factors in various subsets, the differences 
in the geographic regions are considered due to 
the prevalence of particular viral infections, 
such as Epstein-Barr virus (EBV) associated 
with NK/T-cell lymphoma and human T-cell 
leukemia virus type 1 (HTLV-1) with ATLL in 
specifi c areas (Harabuchi et al.  2009 ; Bellei 
et al.  2012 ). 

 Although intraocular T-cell lymphoma is rare 
compared with its B-cell counterpart, two older 
studies have reported that T-cell lymphoma com-
poses roughly 21 % of total intraocular lympho-
mas (Brown et al.  1994 ; Hoffman et al.  2003 ). 
Ocular and adnexal T-cell lymphomas typically 
occur in elderly patients with an average age 
between 45 and 63 years old (Coupland et al. 
 1999 ,  2005 ; Woog et al.  2006 ); however, primary 
orbital T-cell lymphoma has been diagnosed in 
children younger than 10 years old (Leidenix 
et al.  1993 ; Amit et al.  2012 ). Although early 
studies indicate a slight male predominance 
(Hoffman et al.  2003 ), later reports do not sup-
port this gender difference in intraocular T-cell 
lymphoma (Levy-Clarke et al.  2008 ). MF is 
commonly involved in ocular and adnexal tis-
sues; nearly 28–55 % of ocular and adnexal 
T-cell lymphomas are originated from MF 
lesions (Jensen et al.  1994 ; Cook et al.  1999 ; 
Read et al.  2002 ; Hoffman et al.  2003 ; Levy-
Clarke et al.  2008 ).   

10.2    Etiology 

10.2.1    Genetic Predisposition 

 T-cell lymphoma encompasses a wide range of 
clinical, biological, and pathological heterogene-
ity. Monoclonal rearrangements of  T-cell recep-
tor  ( TCR ) genes, most commonly  TCRγ  gene 
rearrangement, serve as a reliable biomarker in 
T-cell lymphoma (Wang et al.  2011 ; Beaufi ls 
et al.  2012 ). Over the past decade,  high- throughput 
genome-wide analytical methods, including gene 
expression profi ling and array- based comparative 
genomic hybridization (aCGH), have emerged as 
powerful tools in exploring the genetic and 
molecular alterations of T-cell lymphoma. 

 In T-ALL/LBL, translocation, deletion, 
duplication, and mutation are reported as major 
types of genetic abnormalities. Translocations 
juxtapose several genes in  TCR  loci, includ-
ing  TCRβ  at 7q35,  TCRα  and  TCRδ  at 14q11.2, 
and/or  TCRγ  at 7p14–15 (De Leval and Gaulard 
 2011 ). Oligoa CGH helps identify the deletion of 
 cyclin- dependent kinase inhibitor 2A ( CDKN2A ) 
locus at 9p21.3 occurring in 46 % of T-ALL/LBL 
cases, which results in the loss of this tumor sup-
pressor gene (Usvasalo et al.  2008 ). Duplications 
of  MYB  gene at 6q23 as well as  Notch homo-
log 1  ( NOTCH1 ),  translocation - associated  
( Drosophila ),  MRLP41 ,  Sjögren’s syndrome 
nuclear autoantigen1  ( SSNA1 ), and  phosphohis-
tidine phosphatase 1  ( PHPT1 ) genes at 9q34 are 
common fi ndings (De Leval et al.  2009 ). More 
than 50 % of human T-ALLs have activating 
mutations that involve the extracellular heterodi-
merization domain and/or the C-terminal PEST 
(polypeptide enriched in proline, glutamate, ser-
ine, and threonine) domain of the  NOTCH1  gene, 
which results in a dysregulation of NOTCH1 pro-
tein and tumorigenesis (Weng et al.  2004 ). 

 Several recurrent chromosomal transloca-
tions have been identifi ed in PTCL.  Anaplastic 
lymphoma kinase  ( ALK ) gene translocations at 
chromosome 2 are the most well established. 
Among them, several translocations, such as 
t(2;5)(p23;p35), t(1;2)(q25;p23), and t(2;3)
(p23;q11), fuse the  ALK  gene to different part-
ner genes, which subsequently generates chi-
meric fusion proteins and induces constitutive 
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activation of tyrosine kinase ALK (Mason et al. 
 1990 ; Morris et al.  1994 ). The t(5;9)(q33;q22) 
translocation fusing  interleukin-2  ( IL-2) induc-
ible T-cell kinase  ( ITK ) gene at chromosome 5 
with the  spleen tyrosine kinase  ( SYK ) gene at 
chromosome 9 represents the fi rst recurrent chro-
mosomal translocation in the PTCL-US subset; 
this is also associated with tumors of peculiar 
morphology with so-called follicular features 
(Streubel et al.  2006 ). 

 Some other chromosomal abnormalities are 
reported in nasal NK/T-cell lymphoma. Deletion 
at 6q21–25 is the most recurrent chromosomal 
aberration (Sun et al.  2003 ; Yoon and Ko  2003 ). 
Isochromosome 7q is encountered in both nasal 
NK/T-cell lymphoma and ALK-negative ana-
plastic large cell lymphoma (Feldman et al. 
 2008 ).  

10.2.2    Infectious Agents 

10.2.2.1    HTLV-1 Infection 
 HTLV-1 infection is the well-established cause of 
ATLL. The HTLV-1 virus was fi rst identifi ed from 
fresh peripheral blood lymphocytes obtained 
from a patient with MF (Poiesz et al.  1980 ). 
HTLV-1 infection is highly endemic in southwest-
ern Japan, sub-Saharan Africa and South America, 
the Caribbean, and focal regions in Middle East 
and Australo-Melanesia (Gessain and Cassar 
 2012 ). The targets of HTLV-1 are predominantly 
CD4+ T cells and rarely CD8+ T cells. A propor-
tion of 1–3 % of HTLV-1-infected individuals 
develop ATLL after prolonged viral persistence, 
usually two decades after the infection (Grassmann 
et al.  2005 ). Transactivation is the major mecha-
nism involved in HTLV-1- mediated T-cell leuke-
mogenesis (Jarrett  2006 ). Tax protein is the 
primary HTLV-1-encoded factor used by the virus 
to stimulate T-cellular proliferation. HTLV-1 
genome contains  gag ,  pol , and  env  structural 
genes that encode important proteins to facilitate 
replication and infection. Additionally, several 
open reading frames are identifi ed in the pX 
region at its 3’ end, which encodes important reg-
ulatory proteins (Tax and Rax) and accessory pro-
teins (Rof and Tof)  essential for viral infection 

and replication (Grassmann et al.  2005 ). 
Expression of HTLV-1  gag  and  pol  genes has 
been detected in specimens of T-cell ocular lym-
phoma (Fig.  10.1 ) (Buggage et al.  2001 ; Levy-
Clarke et al.  2002 ; Liu et al.  2010 ).

10.2.2.2       EBV Infection 
 In addition to infecting B-cell NHL, EBV, 
a member of the human herpes virus fam-
ily, is highly associated with nasal NK/T-cell 
 lymphoma (Harabuchi et al.  1990 ; Hjalgrim 
and Melbye  2007 ). EBV infection is common in 
Asia and Central/South America. EBV genomic 
DNA and EBV-encoded small RNA (EBER) 
have been identifi ed in lymphoma cell nuclei 
(Harabuchi et al.  2009 ). Most EBV-associated 
extranodal T-cell lymphomas have a cytotoxic 
phenotype with expression of T-cell intracellular 
antigen-1 (TIA-1) and granzyme B,  supporting 
the  hypothesis that cytotoxic T cells are one 
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  Fig. 10.1    Polymerase chain reaction of  T-cell receptor  
( TCR ) gene rearrangements and presence of HTLV-1 in a 
patient with ATLL.  TCRγ  gene rearrangement of ATLL 
was detected using a primer pair of TCRγ but not TCR- 
CDR; HTLV-1  pol  and  gag  genes in the lymphoma cells 
were also detected in the specimen of the same patient 
( lane 1  patient DNA,  lane 2  negative control,  lane 3  posi-
tive control)       
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of the targets EBV tends to infect (Brink et al. 
 2000 ). In ocular and adnexal involved tissues 
from NK/T-cell lymphoma patients, there is a 
high percentage of EBER expression in the nuclei 
of atypical T-lymphoma cells by in situ hybridiza-
tion (Cochereau et al.  1996 ; Coupland et al.  1999 ; 
Kase et al.  2006 ; Woog et al.  2006 ; Jakobiec 
et al.  2012 ). EBV DNA has also been detected 
in the aqueous and vitreous of nasal NK/T-cell 
lymphoma patients with intraocular involvement 
(Kase et al.  2006 ; Cimino et al.  2009 ).  

10.2.2.3    Others 
 Studies also have shown that EBV and human 
herpes virus 6 (HHV6) infections are associated 
with AITL (Chan et al.  1999 ; Zhou et al.  2007 ). 
Zhou et al. demonstrated EBV and HHV6B 
infection in 36/42 cases and 19/42 cases of AITL, 
respectively; both viral infections were found in 
15/42 cases (Zhou et al.  2007 ). The results indi-
cate that these viruses may contribute to patho-
genesis of AITL.    

10.3    Clinical Presentation 

 Metastatic ocular and adnexal manifestation may 
occur either before or after systemic involve-
ment. Some metastatic T-cell lymphomas can 
simultaneously involve intraocular and adnexal 
regions (Coupland et al.  1999 ; Hon et al.  2002 ). 

10.3.1    Intraocular T-Cell Lymphoma 

 Like B-cell PVRL, T-cell lymphoma often mas-
querades as uveitis/vitritis, accompanied by yel-
lowish retinal/subretinal infi ltrates, hemorrhages, 
retinal vasculitis, optic nerve infi ltrates, and/or 
serous retinal detachment (Cochereau et al.  1996 ; 
Coupland et al.  2005 ). Approximately 30 % of 
them have concurrent CNS involvement. A few 
patients initially develop anterior segment mani-
festations, including corneal edema, hypopyon, 
distorted pupil, iritis, and/or iris infi ltration 
(Goldey et al.  1989 ; Lobo et al.  2003 ; Mihaljevic 
et al.  2010 ). An elevated intraocular pressure is 
also found in T-cell PVRL (Lobo et al.  2003 ). 

Unlike metastatic systemic B-cell lymphoma 
with uveal involvement, metastatic T-cell lym-
phoma may present lesions in the vitreoretinal 
site (Levy-Clarke et al.  2008 ); thus, it closely 
mirrors the clinical features of B-cell PVRL, pre-
senting mainly with vitreal and retinal infi ltra-
tions (Levy-Clarke et al.  2008 ; Cao et al.  2011 ). 
Other intraocular manifestations, such as corneal 
edema, hypopyon, iritis, iris nodules, ciliary body 
mass, papillitis, retinal hemorrhages, retinitis, 
and/or subretinal infi ltration, can occur indepen-
dently or concurrently with vitreous/retinal 
lesions (Brown et al.  1994 ; Kumar et al.  1994 ; 
Shibata et al.  1997 ; Coupland et al.  1999 ; 
Williams et al.  2000 ; Yahalom et al.  2002 ; 
Hoffman et al.  2003 ). Secondary glaucoma is a 
common fi nding with uveal involvement, proba-
bly due to tumor infi ltration or neovasculariza-
tion in the anterior chamber angle (Jensen et al. 
 1994 ). A rare case of T-cell lymphoma with gran-
ulomatous iritis mimicking a ring melanoma has 
been reported (Jensen et al.  1994 ). Fluorescein 
angiography often shows hypofl uorescence due 
to subretinal/RPE infi ltrates and hyperfl uorescent 
window defects. Ultrasonography helps to iden-
tify the fl at retinal tumor or choroid thickening in 
some intraocular T-cell lymphoma cases 
(Coupland et al.  2005 ).  

10.3.2     Ocular Adnexal T-Cell 
Lymphoma 

 Ocular adnexal T-cell lymphoma often presents 
as gradually progressive, painless masses. The 
tumor usually molds to the surrounding ocular 
tissues, most of which do not have bone destruc-
tion. Eyelid and orbit are the most frequently 
located sites reported in cases of adnexal lym-
phoma (Coupland et al.  1999 ; Woog et al.  2006 ; 
Janatpour et al.  2007 ). Both primary and meta-
static adnexal T-cell lymphomas can cause orbital 
and/or periorbital pain, visual loss, and/or diplo-
pia (Coupland et al.  1999 ; Woog et al.  2006 ). 
Clinical presentations can be varied depending 
on different locations, such as the eyelids, con-
junctiva, lacrimal system, extraocular muscles, 
and orbit. Other accompanying ocular symptoms 
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include elevated intraocular pressure, proptosis, 
ptosis, entropion or ectropion, eyelid mass, eye-
lid edema, conjunctival injection/edema, subcon-
junctival mass, corneal edema, orbital mass, 
retro-orbital mass, periorbital edema, and limited 
extraocular motility (Fig.  10.2 ) (Hirasaka et al. 
 1992 ; Coupland et al.  1999 ; Buggage et al.  2001 ; 
Lee et al.  2006 ; Woog et al.  2006 ; Janatpour et al. 
 2007 ; Kirn et al.  2007 ; Chen et al.  2009 ).

   Nasal NK/T-cell lymphoma with ophthalmic 
involvement is uncommon. Hon et al. reviewed 
35 cases with NK/T-cell lymphoma (Hon et al. 
 2002 ). Six of 24 (25 %) patients with primary 
nasal/nasopharyngeal lymphoma had intraocular 
and/or orbital involvement. NK/T-cell lymphoma 
is usually highly malignant, with rapid progres-
sion and vast tissue destruction (Yang et al. 
 2007 ). 

 Computed tomography (CT) can detect orbital 
soft tissue mass with indistinct borders and mod-
erate enhancement of the ocular adnexal tumors 
(Politi et al.  2010 ; Woog et al.  2006 ). Typical 
magnetic resonance imaging (MRI) features con-
sist of well- or ill-defi ned masses, enlargement/
extension of the soft tissue mass, and/or abnor-
mal enhancing soft tissue (Coupland et al.  1999 ; 
Woog et al.  2006 ; Janatpour et al.  2007 ; Politi et al. 
 2010 ; Amit et al.  2012 ). After  gadolinium- based 

contrast material  administration, ocular adnexal 
tumors show homogeneous contrast enhance-
ment with signal intensity similar to that of nor-
mal lacrimal glands and extraocular muscles 
(Politi et al.  2010 ).   

10.4    Diagnosis 

 Prompt diagnosis of T lymphoblastic lymphoma 
is required for speedy treatment of this aggres-
sive malignancy. Early and accurate diagnosis 
is important for appropriate intervention in both 
primary and metastatic T-cell lymphomas. T-cell 
lymphoma should be ruled out in patients with 
an index of suspicious clinical presentations, 
systemic lymphoma history, painless intense 
intraocular infl ammation, and resistance to anti-
infl ammatory therapy. Apart from clinical history 
and presentations, imaging techniques such as 
fl uorescein angiography and ocular ultrasonog-
raphy are helpful for diagnosis. High- resolution 
neuroimaging of the CNS is often valuable for 
the diagnosis of PVRL, a subset of PCNSL. 
Similarly, in adnexal lymphoma, clinical pre-
sentations with gradually progressive painless 
mass and systemic lymphoma history can hint 
at the diagnosis; orbital imaging as X-ray, CT, 
and MRI is also helpful in diagnosing of ocular 
adnexal tumors. 

10.4.1    Histopathology 

 The gold standard for ocular or adnexal T-cell 
lymphoma is detection of atypical lymphoid cells 
in the tissues. In intraocular T-cell lymphoma, 
aqueous humor, vitreous/subretinal fl uids, iris, 
retina/subretinal tissue, and/or choroid can be 
sites of biopsy. Vitrectomy is the most common 
procedure for diagnosis. For adnexal lympho-
mas, conjunctival biopsy is easy and safe to per-
form. However, an open-sky biopsy of the 
eyelids, lacrimal sac, or orbit is often needed to 
establish an accurate diagnosis. Intraocular and 
orbital fi ne needle aspiration (FNA) biopsy is a 
useful diagnostic adjuvant (Char et al.  2012 ). In 
intraocular malignancy, FNA biopsy yields less 

  Fig. 10.2    Slit-lamp photo of a patient with HTLV-1 asso-
ciated with ATLL. There were conjunctival injection, 
whitish corneal stromal infi ltration, and neovasculariza-
tion near the limbus       
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distortion but a smaller number of cells compared 
with vitrectomy; multiple biopsies may be 
required for an accurate diagnosis (Char et al. 
 1988 ). FNA may eliminate more invasive surgi-
cal intervention in the diagnosis of adnexal lym-
phoma (Spitz et al.  2000 ). However, reported 
risks of FNA include false-negative diagnosis 
and tumor seeding (Char et al.  2012 ; Kung et al. 
 2012 ). 

 The malignant T-lymphoma cells are pleo-
morphic, hyperchromatic, and atypical lymphoid 
cells, with scant basophilic cytoplasm as well as 
irregular and prominent nuclei (Fig.  10.3 ) (Kohno 
et al.  1993 ; Lobo et al.  2003 ; Coupland et al. 
 2005 ; Janatpour et al.  2007 ; Levy-Clarke et al. 
 2008 ; Liu et al.  2010 ; Cao et al.  2011 ). Some 
malignant cells display folded or multilobed 
nuclei (Shields et al.  2002 ). Nuclear convolutions 
and mitotic fi gures are also observed in some 
cases (Meekins et al.  1985 ; Jensen et al.  1994 ; 
Shields et al.  2002 ; Yang et al.  2007 ). Due to the 
scarcity and fragility of the tumor cells, atypical 
lymphoid cells in the biopsied specimens, espe-
cially the vitreous fl uid, can often be diffi cult to 
identify. Moreover, a considerable variation in 
the size of the atypical T-lymphoid cells makes 
the diagnosis even more challenging than that of 
B-cell lymphoma (Coupland et al.  2005 ).

10.4.2       Immunophenotyping 

 Immunohistochemistry (IHC) staining of the 
T-cell marker provides a convenient and valuable 
way to differentiate the monoclonality of tumor 
cells. Many case series and case report studies 
have shown that T-cell lymphomas are positive 
for CD3 (pan-T-cell marker), CD4 or CD8, and 
CD45 (Buggage et al.  2001 ; Coupland et al. 
 1999 ; Woog et al.  2006 ). T-cell receptor β-chain 
(βF1) is highly expressed in PTCL specimens 
(Went et al.  2006 ). Most NK/T-cell lymphoma 
also expresses CD56, TIA-1, and granzyme B 
(Coupland et al.  1999 ; Woog et al.  2006 ). 

 Flow cytometric immunophenotyping (FCI) is 
becoming a useful adjunct to conventional IHC 
procedures, particularly for FNA, intraocular 
fl uid, or CSF specimens (Zaldivar et al.  2004 ; 
Rajagopal and Harbour  2011 ). It can effectively 
differentiate T-lymphoma cells from normal T 
lymphocytes and B lymphocytes; it is also useful 
in detecting the immunophenotype subsets of 
T-cell lymphoma (Yokote et al.  2005 ; Muzzafar 
et al.  2009 ). However, FCI needs more cells than 
conventional IHC; multiple biopsies may be 
required to achieve a fi nal diagnosis.  

10.4.3    Molecular Pathology 

 Advancement in the molecular demonstration of 
 TCR  gene rearrangement in T-cell lymphoma pro-
vides insights on the diagnosis and classifi cation 
of this malignancy. The  TCR  gene is composed of 
segments encoding constant and variable regions. 
Among the variable regions of  TCR , genetic rear-
rangements associated with T-cell lymphoma are 
most commonly observed in the  TCRγ  region 
(Fig.  10.1 ). Moreover, polymerase chain reaction 
(PCR) amplifi cation of the  TCRγ  gene has proven 
to be a good choice for monoclonality analysis in 
paraffi n-embedded tissues due to its lower false-
negative rate compared with  TCRβ  PCR (Diss 
et al.  1995 ). Our study, comparing cytology and 
molecular diagnosis, has found that microdis-
section-based molecular diagnosis for  TCR  gene 
rearrangement has a higher test effi ciency value 
(0.995 vs. 0.890) (Wang et al.  2011 ). It is even 

  Fig. 10.3    Cytology of a patient with T-cell lymphoma. 
The specimen from the diagnostic vitrectomy showed 
large atypical lymphoid cells ( arrows ) with irregular and 
large nuclei, prominent nucleoli, and scanty basophilic 
cytoplasm (Giemsa, original magnifi cation, ×400)       
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more critical for tiny amounts of specimens on 
which immunophenotyping cannot be performed. 
Sharara et al. have shown that conventional his-
tology and immunophenotyping overlook some 
small clonal populations, which could be detected 
by molecular techniques (Sharara et al.  2003 ). 
Based on the above, molecular analysis of  TCR  
gene rearrangements is a reliable marker of T-cell 
lymphoma (Chan and Sen  2013 ). It serves as a 
promising adjunct to cytopathological diagnosis 
and classifi cation (Allam and Kabelitz  2006 ). 

 Considering the close association between 
NK/T-cell lymphoma and EBV infection, several 
studies use in situ hybridization to detect EBER 
in the atypical lymphoid cells. They have inde-
pendently found consistent association between 
EBV infection and presence of NK/T-cell lym-
phoma (Coupland et al.  1999 ; Woog et al.  2006 ). 
The detection of HTLV-1  gag  and  pol  genes in 
the ocular specimens has also been reported in 
several patients with ATLL (Fig.  10.1 ) (Buggage 
et al.  2001 ; Levy-Clarke et al.  2002 ; Liu et al. 
 2010 ).   

10.5    Treatment 

 Therapeutic modalities for ocular and adnexal 
T-cell lymphoma have not been well standard-
ized. According to published case reports, globe 
irradiation, intravitreal/intrathecal chemotherapy, 
and systemic chemotherapy are commonly 
applied in both intraocular and adnexal T-cell 
lymphomas (Coupland et al.  1998 ,  1999 ; 
Hoffman et al.  2003 ; Woog et al.  2006 ; Levy- 
Clarke et al.  2008 ; Chan et al.  2011 ). The treat-
ment strategy largely depends on the individual 
patient and local expertise. Although the progno-
sis is dismal in some rapidly growing subtypes of 
T-cell lymphoma, aggressive combination of 
therapies is effective in some cases of ocular and 
adnexal T-cell lymphoma. 

 Treatment of T-cell PVRL follows guidelines 
recommended by the International PCNSL 
Collaborative Group conference. Local therapy 
(intravitreal methotrexate or external-beam radio-
therapy [EBRT]) is applied in unilateral or bilat-
eral PVRL without CNS or systemic involvement, 

while systemic therapy is not excluded in the 
bilateral lesions (Chan et al.  2011 ). Moreover, in 
PVRL cases with CNS involvement, high-dose 
methotrexate-based therapy is recommended in 
conjunction with local therapy. Local EBRT 
might be preferable in bilateral involvement, 
whereas intravitreal chemotherapy may be pre-
ferred in unilateral cases (Chan et al.  2011 ). 

 Treatment of adnexal T-cell lymphoma mainly 
incorporates local radiotherapy combined with 
systemic chemotherapy, which is reported to be 
effective for both T- and NK/T-cell lymphomas 
(Woog et al.  2006 ). Surgical excision of adnexal 
lesions is especially useful in cases with encapsu-
lated lesions that can be entirely removed 
(Decaudin et al.  2006 ). 

10.5.1    Chemotherapy 

10.5.1.1    Methotrexate 
 Methotrexate is an antimetabolite that inhibits the 
cellular enzyme dihydrofolate reductase. High-
dose methotrexate has been shown to signifi cantly 
increase event-free survival and reduce cumula-
tive incidence of CNS relapse for T-ALL patients 
(Asselin et al.  2011 ). Because methotrexate can 
penetrate the blood-brain barrier when given in 
high doses intravenously, it can be used to treat 
PCNSL. High-dose methotrexate has greatly 
increased median survival rates, with signifi cantly 
fewer treatment-associated toxic adverse effects 
in patients with PCNSL (Plotkin and Batchelor 
 2001 ; Deangelis and Hormigo  2004 ; Yamanaka 
and Tanaka  2004 ). Thus, it is becoming the single 
most important agent in PIOL/PCNSL treatment 
(Levy-Clarke et al.  2005 ; Chan et al.  2011 ). 
Recent studies using intravitreal methotrexate 
injection as an adjunctive therapy have reported 
impressive results in intraocular T-cell lymphoma 
(Frenkel et al.  2008 ; Wickremasinghe et al.  2010 ; 
Reddy and Kim  2011 ). Methotrexate maintains its 
therapeutic dosage for 48–72 h in the nonvitrecto-
mized rabbit eyes and appears to be safe in combi-
nation with fl uorouracil and dexamethasone 
(Velez et al.  2001 ). In addition, toxic effects of 
methotrexate have been modest and manageable 
(Asselin et al.  2011 ).  
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10.5.1.2     Systemic Chemotherapy 
Regimen 

 For systemic chemotherapy regimens, the most 
common for T-cell lymphoma is a combination 
of cyclophosphamide, doxorubicin, vincristine, 
and prednisone (CHOP). Other CHOP-like 
combinations include a combination of etopo-
side + CHOP (EPOCH) and a combination of 
cyclophosphamide, vincristine, Adriamycin, 
and dexamethasone (CVAD). All these are com-
mon systemic combinations used in T-cell lym-
phoma with extraocular involvement (Coupland 
et al.  1999 ; Woog et al.  2006 ). However, some 
cases have shown that once T-cell lymphoma 
dissemination occurs, the prognosis is poor 
and long- term remissions are rare even with 
 aggressive systemic chemotherapy (Coupland 
et al.  1999 ).  

10.5.1.3    Corticosteroids 
 Corticosteroids are one of the traditional immu-
nosuppressants used in combination with other 
chemotherapeutic agents. Common corticoste-
roids used in lymphoma are prednisolone and 
dexamethasone. Because corticosteroids can 
only cause temporary tumor regression and 
decrease of peritumoral edema, prolonged effi -
cacy requires combination with chemotherapy 
for T-cell lymphoma. On the other hand, cortico-
steroids have a direct lymphocytolytic effect that 
has the potential to disrupt cellular morphology 
and result in pathological diagnostic inaccuracy. 
Thus, their use should be withheld or avoided 
prior to the diagnostic biopsy. In cases with con-
current systemic disease, both systemic and local 
corticosteroids are recommended (Levy-Clarke 
et al.  2008 ).   

10.5.2    Radiation 

 Local globe/orbit irradiation is commonly used 
in intraocular and adnexal T-cell lymphoma 
(Coupland et al.  1999 ,  2005 ; Woog et al.  2006 ; 
Levy-Clarke et al.  2008 ). Localized orbital 
T-cell lymphoma should be planned carefully 
with local radiation and also combined systemic 
chemotherapy (Coupland et al.  1999 ; Woog 

et al.  2006 ). Even localized nasal NK/T-cell 
lymphoma featuring more rapid progression is 
generally responsive to radiotherapy (Coupland 
et al.  1999 ). EBRT is preferable in patients with 
bilateral intraocular involvement (Chan et al. 
 2011 ). Whole brain radiation therapy (WBRT) 
in conjunction with ocular radiotherapy should 
be considered for patients who fail systemic 
therapy and those who cannot have autologous 
stem cell transplantation (ASCT) (Chan et al. 
 2011 ). Although WBRT results in responses of 
more than 90 %, radiation therapy is associated 
with high relapse rates and delayed neurotoxicity 
(Correa et al.  2003 ; Chan and Sen  2013 ).  

10.5.3    Surgery 

 Surgery rarely serves as a treatment in intraocular 
lymphomas. Conversely, in ocular adnexal lym-
phoma, resection of malignant mass has been 
recommended as both diagnostic and therapeutic 
procedures in qualifi ed patients; this is especially 
important in cases of lacrimal gland tumors, in 
which the encapsulated lesions can be entirely 
removed (Decaudin et al.  2006 ). 

 In patients with systemic T-cell lymphoma, 
ASCT usually follows high-dose chemotherapy 
(HDC). Some studies support the use of HDC/
ASCT, showing a multiple-year disease-free sur-
vival in a small proportion of patients (Visani 
et al.  2012 ). The Nordic Lymphoma Group con-
ducted a large prospective phase II study to eval-
uate the effi cacy of HDC/ASCT in patients with 
untreated systemic PTCL (D’amore et al.  2012 ). 
Ninety of 115 patients are in complete remission 
3 months after HDC/ASCT. Eighty-three patients 
are alive at 60.5 months follow-up. The consoli-
dated 5-year overall and progression-free sur-
vival rates are 51 % (95 % confi dence interval, 
43–59 %) and 44 % (95 % confi dence interval, 
36–52 %), respectively. Therefore, HDC/ASCT 
is a rational up-front strategy in transplantation- 
eligible patients with systemic PTCL. In the 
future, ASCT may play an increasing role for 
T-cell lymphoma patients, including high-risk 
groups needing fi rst-line therapy (Visani et al. 
 2012 ).
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  Abbreviations 

  aCGH     Array-based comparative genomic 
hybridization   

  AITL     Angioimmunoblastic T-cell lymphoma   
  ALK    Anaplastic lymphoma kinase   
  ASCT     Autologous stem cell transplantation   
  ATLL    Adult T-cell leukemia/lymphoma   
  CDKN2A     Cyclin-dependent kinase inhibitor 2A   
  CHOP     Cyclophosphamide, doxorubicin, 

vincristine, and prednisone   
  CT    Computed tomography   
  CVAD     Cyclophosphamide, vincristine, 

Adriamycin, and dexamethasone   
  EBER    EBV-encoded small RNA   
  EBNA3    EBV-encoded nuclear antigen 3   
  EBRT    External-beam radiotherapy   
  EBV    Epstein-Barr virus   
  EPOCH    Etoposide+CHOP   
  FCI     Flow cytometric immunophenotyping   
  FNA    Fine needle aspiration   
  HDC    High-dose chemotherapy   
  HHV6    Human herpes virus 6   
  HTLV-1    Human T-cell leukemia virus type 1   
  IHC    Immunohistochemistry   
  IPI    International prognostic index   
  ITK     Interleukin-2 (IL-2) inducible T-cell 

kinase   
  MF    Mycosis fungoides   
  MRI    Magnetic resonance imaging   
  NHL    Non-Hodgkin’s lymphoma   
  NK    Natural killer   
  NOTCH1     Notch homolog 1, translocation- 

associated (Drosophila)   
  PCNSL     Primary central nervous system 

lymphoma   
  PCR    Polymerase chain reaction   
  PCTCL     Primary cutaneous T-cell lymphoma   
  PHPT1    Phosphohistidine phosphatase 1   
  PTCL    Peripheral T-cell lymphoma   
  PTCL-US    PTCL unspecifi ed   
  PVRL    Primary vitreoretinal lymphoma   
  REAL     Revised European-American Classi-

fi cation of Lymphoid Neoplasms   
  SSNA1     Sjögren’s syndrome nuclear autoan-

tigen 1   
  SYK    Spleen tyrosine kinase   
  T-ALL    T-cell lymphoblastic leukemia   

  TCR    T-cell receptor   
  TIA-1    T-cell intracellular antigen-1   
  T-LBL    T-cell lymphoblastic lymphoma   
  WHO    World Health Organization   
  βF1    T-cell receptor β-chain   
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