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The recent literature shows that interest in
ocular adnexal lymphomas and their bio-
logic and clinical characteristics—along with
their possible association with Chlamydia
psittaci infection and therapeutic manage-
ment with rituximab or anti-Chlamydia

psittaci antibiotic therapy—is considerable.
These new data have modified the previ-
ously reported features of this disease and
have made an updated review of the litera-
ture necessary. The aims of this review are
to present the current knowledge on the

biology of these lymphomas, their clinical
features and prognostic factors, and the
panel of all available treatment options.
(Blood. 2006;108:1451-1460)
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Introduction

Lymphoproliferations of the eye, including intraocular and ocular
adnexal non-Hodgkin lymphoma (NHL), constitute a heterogeneous
group of neoplasms that represent less than 1% of all NHLs! and 5% to
15% of all extranodal sites.” First described in 1952,3 they are the most
frequent malignant tumors of the eye and ocular adnexae; in fact, in the
Florida cancer registry, they represent up to 55% of all orbital tumors.*
As for all NHLs, a marked increase of the incidence of ocular adnexal
NHL has also been observed.* The clinical features and natural history
of ocular adnexal lymphoma (OAL) is completely different from those
of intraocular lymphoma, which emphasizes the need to distinguish
between the therapeutic management of both. Intraocular lymphoma is a
subset of primary central nervous system lymphoma,>’ and intraocular
involvement is found in approximately 15% of affected patients.® The
histologic subtype of intraocular lymphoma is almost always high
grade®!? and it can occur in the context of AIDS-related lymphoprolifera-
tions. In contrast, OALs—including lesions of the conjunctiva, lacrimal
gland, orbit, and eyelids—are mainly low-grade tumors not associated
with HIV infection.!" Although combination chemotherapy with high-
dose methotrexate is the basis of treatment of primary central nervous
system and intraocular lymphomas,'%!? radiotherapy has been the
standard treatment for low-grade ophthalmologic lymphomas. '3 How-
ever, other treatment options, such as therapy with monoclonal anti-
CD20 antibody,?'*? may constitute a promising alternative to external
beam irradiation and its potential toxicity. In addition, some reports have
suggested a possible value of anti—-Chlamydia psittaci antibiotic
therapy.®*34 In this review, which is exclusively focused on ophthalmo-
logic lymphomas, we first present the pathologic, clinical, and prognos-
tic factors of these lymphomas and then discuss all available treatment
options in terms of safety and efficacy and their respective indications.

Biology of ophthalmologic lymphomas
Diagnosis of OAL

As for all other forms of nodal and extranodal NHL, confirming a
positive diagnosis of OAL is often long and difficult because the
tumor is very small in most patients. Positive diagnosis must be

based on histologic examination of a sufficient tumor sample
obtained by surgical biopsy that is large enough to allow rigorous
definition of lymphoproliferative disease according to the World
Health Organization (WHO) classification.*® Histopathologic exami-
nation consists of morphologic examination of cellular prolifera-
tion (cellular appearance and architectural pattern), usually com-
bined with immunohistochemical analysis and molecular analysis.
The exact modalities of biopsy depend on the anatomic site of the
lesion and its relation to the eye: biopsy may be performed of the
conjunctiva, an eyelid lesion, an orbital mass, or the lacrimal gland.
However, sometimes patients have nodal involvement, and surgical
biopsy of the node facilitates the diagnosis of malignant lymphoma.

Histopathologic characteristics of OAL

Percentages of the various histopathologic subtypes of lymphoma
vary considerably in published series, probably because of the
different selection criteria, such as histopathologic subtype and
clinical stage.!l-1318.22:23.27.2836-47 However, a large majority of
reported OALs—between 95% and 100% of reported cases—
correspond to the B-cell type, and 80% of B-cell lymphomas are
low grade. A major characteristic of OAL is the high incidence of
marginal zone B-cell lymphoma or mucosa-associated lymphoid
tissue (MALT) lymphoma, reported in approximately 50% of
patients. These lymphomas are defined by the presence of lympho-
epithelial lesions, corresponding to glandular or epithelial struc-
tures expanded or distorted by groups of more than 3 lymphoid
cells, and by the proliferation of tumor cells composed primarily of
small cells. Cytologic features of MALT lymphoma cells are
similar to those of marginal zone B-lymphoma cells. They may be
larger than small lymphocytes, with irregular folding of the nuclei,
and all appear similar. A major immunophenotypic characteristic is
the presence of extensive, dense, and packed CD20* B-cell
lymphoid infiltrate. A few CD3* T-lymphoid cells are interspersed
within the B cells. Lymphoid cells are also CD5~, CD10~, Bcl6™,
CD237, and IgD~ (Figure 1). A monotypic immunoglobulin can be
present and is helpful for the positive diagnosis of lymphoma
(frequently IgM ™). The other 2 most representative histopathologic
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subtypes are lymphoplasmacytic and follicular lymphomas. Except
for one paper,'® mantle-cell lymphomas represent a median of 5%
of patients, as observed for all NHLs.*® Finally, approximately 15%
of diffuse large B-cell lymphomas have been observed. The
proportion of T-cell lymphoma is low, less than 15%, as reported
for nodal NHL.#

Molecular and cytogenetic abnormalities of OAL

Few series have focused exclusively on ocular adnexal lymphomas,
but a large volume of data have been published on MALT
lymphomas, which constitute the leading histopathologic subtype
of OAL, including all extranodal sites, particularly ocular adnexal
sites. Tumor cell clonality has been well demonstrated in most
reports, with IgH rearrangement in more than 80% of pa-
tients.3-%31 In a series of 16 Taiwanese patients with ocular
adnexal MALT lymphoma, 13 (81%) patients had rearranged IgH
genes, whereas no rearrangement in Bcl-1, Bcl-2, c-MYC, or p53
genes was found, though point mutation of the p53 gene was
observed in one patient.’! Similarly, no point mutation was found in
Bcl-6 or Bcl-10 genes in biopsy samples of 11 patients with ocular
adnexal MALT lymphoma.>?

In a series of 37 patients with ocular adnexal MALT lymphoma,
Streubel et al*? found trisomy 3 in 38% of patients, trisomy 18 in
13.5% of patients, t(14;18) in 24% of patients, and t(11;18) in 2.7%
of patients; no patients had t(1;14)(p22;q32). The frequency of
translocations varied considerably with the primary site of the
lymphoma; t(14;18)(q32;q21) was most commonly found in le-
sions of the ocular adnexa, skin, and salivary glands, and t(11;
18)(q21;q21) was mainly detected in pulmonary and gastric
tumors. Similarly, trisomy 3 and 18 were more frequently detected
in ophthalmologic lymphomas than in gastric and lung lymphomas.
More recently, a t(3;14)(p14.1;q32) translocation involving IgH
and FOXP1 genes was identified as a novel recurrent chromosomal
aberration in MALT lymphomas and was detected in 4 of 20
patients with ocular adnexal lymphoma.>* Two studies on orbital
lymphoma using a comparative genomic hybridization technique
have been reported: the first study showed 19 gains and 5 losses
among the 10 MALT lymphomas (60% of patients), and the most
frequent chromosome imbalances involved chromosomes 3 and
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Figure 1. Histopathologic features of marginal zone
B-cell ymphoma or MALT lymphomas. These lympho-
mas are defined by the presence of lymphoepithelial
lesions and proliferation of tumor cells composed primar-
ily of small cells (A). One of the major immunophenotypic
characteristics is the presence of extensive, dense,
packed CD20* B-cell lymphoid infiltrate (D). A few CD3*
T lymphoid cells are interspersed within the B cells (B).
The lymphoid cells are also CD10~ (C). Images were
captured with a Leitz DM-RB microscope equipped with a
40x/0.70 NA objective lens and a JVC 3-CCD camera
(KY-F50; Claravision, Massy, France). Images were pro-
cessed with Claravision software and Adobe Photoshop
(Adobe Systems, San Jose, CA). Images in panel A were
stained with hematein-eosin-safran staining; those in
panel B, with anti-CD3 immunostaining (polyclonal anti-
body A0452; Dakocytomation, Glostrup, Denmark); those
in panel C, with anti-CD10 immunostaining (monoclonal
antibody 56C6, NCLCD10; Novocastra, Newcastle upon
Tyne, United Kingdom); and those in panel D, with
antioCD20 immunostaining (monoclonal antibody L26,
Dakocytomation).

6.5 The second study found chromosomal imbalances in 8 (44%)
of 18 patients with orbital lymphoma, mostly involving chromo-
somes 3 and 6.7

Lymphomagenesis of ophthalmologic MALT lymphomas

Although not all ophthalmologic lymphomas are MALT type, this
section is devoted to this subset of ocular adnexal lymphoma. As
previously mentioned, various cytogenetic abnormalities have been
observed in MALT lymphomas, such as t(11;18)(q21;q21), t(14;
18)(q32:;q21), t(1;14)(p22;q32), t(3;14)(p14.1;q32), and trisomy 3
and 18.535738 The most frequent translocation, t(11;18)(q21;q21),
observed in 15% to 40% of patients, juxtaposes the API2 (apoptosis
inhibitor 2) gene on chromosome 11q21 and the MALTI gene on
chromosome 18q21.5-%! The t(14;18)(q32;g21) translocation, found
in approximately 10% of patients with MALT, juxtaposes the
MALTI gene and the IgH promoter on chromosome 14, and this
abnormality induces constitutive expression of the MALTI gene.”?
The t(1;14)(p22;q32) translocation, present in less than 5% of
patients with MALT,>>¢2 induces a juxtaposition of the Bcl-10 gene
on chromosome 1p22 and the IgH promoter on chromosome 14,
and this rearrangement is responsible for constitutive expression of
the Bcl-10 gene.%* More recently, the t(3;14)(p14.1;q32) transloca-
tion was observed to juxtapose the IgH promoter on chromosome
14 and the FOXPI gene (a gene belonging to a transcriptional
factor family) on chromosome 3p14.1.5* Finally, trisomy 3 and 18,
observed in 30% to 50% and 10% to 20% of patients, respectively,
increase the expression of genes located in the chromosomes.>362
All these cytogenetic abnormalities have a common effect on the
NF-«B complex.®* BCL-10 and API2-MALT1 proteins increase the
activity of the IK protein kinase, resulting in the degradation of
I-kB and in a nuclear translocation from the cytoplasm of the
NF-kB complex. NF-kB, involved in the control of immunity,
inflammation, and apoptosis,®®®’ therefore induces the transcrip-
tion of several genes responsible for lymphomatous transformation.

A second mechanism of lymphomagenesis of MALT lympho-
mas has been reported, namely direct inhibition of the cell death
process through API2, a member of the inhibitor apoptosis protein
(IAP) family, through BCL-10 protein,®® through the induction of
Bcl-X; expression by Helicobacter pylori in murine models® and
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through escape from the regulation control of Fas/CD95/APO-1
protein by genetic mutation or protein inactivation.” This hypoth-
esis is based on the absence of T-cytotoxic lymphocyte regulation
on H pylori-induced B-cell proliferation.”!

This last observation emphasizes the role of bacterial infection
in this particular subtype of lymphoma. As previously reported for
gastric MALT lymphomas and H pylori infection,” various authors
have investigated a possible association between ophthalmologic
lymphomas and infectious agents. Two cases of Toxoplasma gondii
DNA detection in primary intraocular B-cell lymphoma have been
reported.”> More recently, Ferreri et al** demonstrated an associa-
tion between C psittaci and ocular adnexal lymphoma. The
presence of C psittaci DNA has been found in 80% of lymphoma
samples compared with 12% of reactive lymphadenopathy samples
and 0% of nonneoplastic orbital biopsy samples. Moreover,
bacterial DNA was found in 43% of peripheral blood mononuclear
cells (PBMCs) of patients with NHL but not in healthy donors.
However, the genetic alterations induced by C psittaci and the
place of this bacterial agent in ophthalmologic lymphomagenesis
as a first determinant event of tumor transformation or as a second
favorable circumstance promoting tumor proliferation remain to be
identified. Moreover, in our series of French patients,’”* we did not
observe any association between C psiftaci and ocular adnexal
lymphomas. Additional studies are warranted to elucidate the role
of C psittaci in this disease and to identify other microbial agents
that could be involved, such as H pylori” and hepatitis C virus.”®

Clinical characteristics and prognostic
factors of OAL

Clinical characteristics at initial diagnosis

OAL is frequently responsible for symptoms, though only minor,
that can delay specialist consultation. In a large singe-center series,
we showed that the presenting symptoms were ophthalmologic in
91% of patients namely, pink conjunctival mass or conjunctival
hyperemia in 32% of patients, exophthalmia in 27% of patients,
orbital or palpebral mass in 19% of patients, decreased visual
acuity and ptosis in 6% of patients, and diplopia in 2% of patients.!!
The median interval between onset of the first symptoms and date
of diagnosis was 4 months (range, 1 month-10 years). OAL patients
may rarely have a history of autoimmune disease, such as
thyrotoxicosis’” or Sjogren syndrome,’®7° but pseudolymphoma3%-8!
and lacrimal gland enlargement®? have occasionally been observed
in patients with concomitant autoimmune disease.

A large number of published series have described the clinical
features of OAL,.11.13.18.23.27.2830.36,37.39.41-45.83-85 The male-female
sex ratio is often less than 1,11:23:27.28.30.36.37.41-45.83.85 whjch distin-
guishes ophthalmologic lymphoma from the overall population of
NHL, in which the male-female sex ratio is inverseds® but is
concordant with the sex ratio reported in MALT lymphoma, the
most frequent histologic entity of all ocular NHLs.?*%788 In all
published series except that by Cho et al,*> the median age was
approximately 65 years.!l13.1823:2728303637.3941 43458385 Few patients
have B symptoms or a performance status (PS) greater than 1, though
these findings are rarely reported in published series. 11828304284

Lacrimal gland and intraorbital sites, observed in approximately
50% of patients, are the most frequent ophthalmologic
sites.!118,30.3741.45.83.85 Conjunctival sites are observed in one third
of patients and almost always consist of low-grade NHL (96% of
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patients).®® Eyelid involvement is observed in 0% to 44% of
patients in the various published series, with a mean of approxi-
mately 10%. This marked heterogeneity may be attributed to
different patient selection criteria, such as histologic subtype of
lymphoma or stage of disease. Finally, bilateral OAL involvement
is observed in 7% to 24% of patients.!1:18:23.27.28.30,36,37,39.42-45.83-85

The clinical stage of OAL varies considerably according to
published series and includes patients with initial or secondary
OAL. This variability can be explained by differences in patient
selection criteria because some series only include localized
ophthalmologic disease. Few series report any information about
the presence of nodal involvement at diagnosis, which ranges
between 0% and 24%.11:13:27:303644 Staoe TV disease, observed in at
least 15% of selected patients, is reported in most se-
ries!!+13,30.36.37:42:43.45.83.85 and includes bone marrow involvement in
approximately 5% to 10% of all studied patients.!!:13-364042 Diffuse
lymphomatous disease is mainly found in patients with high-grade
NHL. In our large series, we observed stage I'V disease in 26% and
56% of patients with low-grade and high-grade lymphoma, respec-
tively (P < .01).!! Similarly, as observed for the overall population
of patients with NHL, we found elevated serum levels of LDH in
40% of patients with high-grade lymphoma and in 15% of patients
with low-grade lymphoma (P < .01).!! Finally, only 2 series have
assessed the International Prognostic Index (IPI) score defined for
high-grade NHL.!-3% Both publications reported a majority of patients
in the low-risk and the low-to-intermediate risk groups. Moreover, we
found IPI scores of 0 to 1 in 74% and 42% of patients with low-grade
and high-grade NHL, respectively, and IPI scores greater than 2 in 5%
and 37% of these 2 subgroups of patients. This finding emphasizes that,
like nodal NHL, high-grade NHL with ophthalmologic involvement at
diagnosis is characterized by a more aggressive pattern based on initial
clinical and laboratory features.

All these findings emphasize the importance of an exhaustive
staging work-up at diagnosis for patients with OAL, including at
least ophthalmologic and clinical examination, with determinations
of PS, B symptoms, nodal or extranodal peripheral sites, blood
count, erythrocyte sedimentation rate (ESR), liver and kidney
function tests, serum protein electrophoresis, serum lactate dehydro-
genase (LDH) and 32-microglobulin, chest x-ray, computed tomog-
raphy (CT), and bone marrow biopsy. This initial evaluation
therefore requires multidisciplinary consultations, namely ophthal-
mologic and hematologic overviews.

Clinical outcome and prognostic factors

According to the literature, the global outcome of OAL is
favorable, and the 5-year overall survival rate ranges between 50%
and 94% (Table 1). Similarly, 5-year cause-specific survival, 5-year
progression-free survival, and 5-year disease-free survival rates
range between 33% and 100% (Table 1). However, these results are
significantly influenced by patient selection criteria, particularly
the variable proportion of low-grade or localized lymphomas,
because few series have reported data exclusively concerning stage
I MALT lymphomas.** In our experience (Figure 2),!' and in
accordance with other reports,!-1336:4042 the survival of patients
with low-grade OAL is significantly better than that of patients with
high-grade OAL. The outcome of lymphoma patients with OAL
involvement at diagnosis does not differ from that observed for
patients with nodal NHL, namely better survival in the low-grade
group without stabilization of the survival curves and an OS rate of

%20z Ae 81 uo 3sanb Aq 4pd*LG¥1L0090. L 08UZ/SE0E LY/ LG L/S/801/3Pd-01o1e/po0|gjau suoledligndyse//:djy woy papeojumoq



1454  DECAUDIN et al

Table 1. Clinical outcomes of patients with OAL
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Reference, year No. of patients Low grade, % Stage |, % DFS/PFS, % 0S, %
Bessell et al,’® 1988 115 84 11 ND 0S5-LG, 80; OSs-HG, 80
White et al,% 1995 32 100 87 ND ND
Smitt and Donaldson,'® 1993 25 76 80 PFSs, 70 0Ss, 93
Esik et al,’® 1996 37 92 95 CSSs-l, 100 ND
Restrepo et al,3” 1998 71 90 61 ND ND
Bolek et al,2° 1999 38 66 53 CSSs-LG, 89; CSSs-HG, 33 ND
Nakata et al,3? 1999 57 82 11 CSSs, 90 ND
Jenkins et al,*° 2000 192 76 64 CSS5-MALT, 88; CSSs-HG, 52 ND
Auw-Haedrich et al,! 2001 46 91 96 ND ND
Sasai et al,*6 2001 32 84 81 CSS3-LG, 100; CSS3-HG, 40 0S3-LG, 90; OS3-HG, 50
Stafford et al,22 2001 48 94 17 PFSs, 881 0S5, 69
Bhatia et al,23 2002 47 70 100 PFSs, 65 OSs, 74
Cho et al,*2 2003 68 90 87 ND ND
Fung et al,*3 2003 98 81 81 DFSs-MALT-I, 100 OSs-MALT-1, 94
Martinet et al,2” 2003 90 87 91 PFSs, 87 OSs, 78
Uno et al,28 2003 50 100 86 ND 0S5, 91
Zucca et al, 8 2003* 31 100 87 CSSs, 87-100 0S5, 80-100
Coupland et al,© 2004 230 80 83 ND ND
Lee et al,*” 2005 37 100 74 EFS;, 100 0S;3, 100
Meunier et al,’ 2004 145 82 68 DFSs, 64 0Ss, 79; 0S5-LG, 78; OSs-HG, 50
Charlotte et al,84 2006 23 100 78 DFS;3, 85 0S3, 94
Rosado et al,3° 2006 62 97 85 FFPs, 79 0S5, 96

HG indicates high-grade lymphoma; PFSy, N-year progression-free survival; CSSy, N-year cause-specific survival; CSSy-1, N-year cause-specific survival for stage |
patients; EFSy, N-year event-free survival; DFSy, N-year disease-free survival; OSy, N-year overall survival; LR, local recurrence; FFPy, N-year failure-free progression; and

ND, not done.
*Data were collected for orbital and conjunctival sites.
1 Five-year PFS for patients with clinical stage | or Il disease.

approximately 50% for the high-grade group. This clearly illus-
trates the natural history of these lymphomas and the absence of
any real prognostic impact of initial OAL involvement.

Although a number of series have evaluated prognostic factors
by univariate analysis, few reports have conducted multivariate
Cox proportional hazards model of the characteristics influencing
cause-specific survival (CSS), disease-free survival, and overall
survival, as shown in Table 2. Various pejorative prognostic factors
have been identified in the published studies, such as high-grade
subtype lymphomas,!!-13:18.20.27.40.41.4546 and non-MALT lympho-
mas.***2 In particular, MALT lymphoma was found not to have any
prognostic impact!'!?*#* except in one series.'® In many series,
advanced-stage disease!l:13.1820.27.404145.46 and age greater than 60
to 64 years,'182745 the presence of B symptoms (though rarely
reported),'’ nodal involvement,''%8 nonconjunctival sites,®” and
elevated serum LDH level have been identified as factors.!!.27-3%-88
Finally, a few reports have shown a pejorative prognostic impact of
p33 expression*!* and of p21 and pRb positivity.*’

Treatment of OAL
Introduction

The description of the natural history of OAL and the prognostic
factors for disease-free survival and overall survival indicate that
the management of these lymphomas should comply with the same
modalities proposed for nodal lymphoma, with one additional
characteristic that must be considered in the final treatment
decision—the functional impact of lymphoma on the eye. This
assessment, as well as diagnostic biopsy, should be performed by
an ophthalmologist, and it illustrates the importance of a multidisci-
plinary approach to OAL by a team composed of hematologists,

radiotherapists, and ophthalmologists. Several major criteria must
be considered in the initial assessment of the disease to clearly
define optimal treatment: (1) the histopathologic subtype of
lymphoma, according to the WHO classification; (2) extension of
the disease, inside and beyond the periocular region; (3) prognostic
factors related to the patient and to the disease; and (4) the impact
of the OAL on the eye(s) and visual function.

Ophthalmologic assessment must evaluate the impact of the
tumor on visual function. Examination consists of complete
bilateral ophthalmologic examination, including visual acuity,
description of functional symptoms, diplopia, visual blurring,
evaluation of eye movements, slit lamp examination with anterior
chamber examination, determination of intraocular pressure, exami-
nation of the conjunctiva, and examination of ocular fundus, to
detect any extraocular compression by the tumor.

Various conventional treatment modalities can be proposed for
OAL, including single-agent or combination chemotherapy regi-
mens, radiotherapy, and monoclonal anti-CD20 antibody or inter-
feron immunotherapy. More recently, several other options have
been proposed, such as anti—C psittaci antibiotic therapy and a
wait-and-see policy.

Radiotherapy and OAL

Radiotherapy is clearly the ocular adnexal lymphoma treatment for
which immediate and long-term efficacy and toxicity have been
most extensively reported, as shown in Table 3. However, in a few
series, no distinction was made between low-grade and high-grade
lymphoma or between radiotherapy alone and combined radio-
therapy/chemotherapy, making it difficult to interpret the final
results. Regardless of the histologic subtype of lymphoma, MALT
lymphoma,?*?$% and low-grade or high-grade lymphoma,!3-2325-27.30
radiotherapy induces a very high rate of control of ophthalmologic sites,
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Disease Free Survival
according to histopathologic grade of lymphoma

Time (months)

Overall Survival
according to histopathologic grade of lymphoma

o
o
- E L
» :
< low-grade i_
hi rade —_
= igh-g
4 P=.01
0 T Ll Ll L T T T Ll T T T T T L} L}
0 24 48 T2 96 120 144 168
Time (months)

Figure 2. DFS and OS rates according to histopathologic grade of lymphoma.
DFS (A) and OS (B). Adapted with permission from Meunier et al'' by Marie
Dauenheimer; original, copyright © 2004 John Wiley & Sons.

with local control rates ranging from 86% to 100%, and a local
recurrence rate ranging between 0% and 15%. However, these appar-
ently very good results must be interpreted in light of 2 observations.
First, radiotherapy is associated with a toxicity consisting primarily of
moderate immediately cutaneous or conjunctival reactions and late
complications such as constant cataract, or xerophthalmia, and rare
ischemic retinopathy, glaucoma, or xerophthalmia-induced corneal
ulceration.!5-17:19.202223.252830 Second, disseminated recurrences after
radiotherapy have been reported in 6% to 50% of patients, with a mean
disseminated recurrence rate of 17%.!1315-17:20232428.30 Thege findings
underscore the fact that radiotherapy of OAL sites induces a high local
control rate, with a disseminated recurrence rate of 10% to 25% and
mild but frequent ophthalmic toxicity that should be considered before
any treatment decision is made.

Chemotherapy regimens and OAL

In most reported series, patients were predominantly treated with
radiotherapy alone, and only a small proportion was treated by
radiotherapy plus chemotherapy or chemotherapy alone. Treatment
consisted of single-agent chemotherapy such as chlorambucil or
fludarabine for low-grade lymphoma and combined chemotherapy
regimens such as cyclophosphamide, doxorubicin, vincristine, and
prednisone (CHOP) or CHOP-like protocols for high-grade lym-
phoma. In a few patients, neurologic prophylaxis was performed
with intrathecal methotrexate or cytarabine. Metastatic involve-
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ment of the eye or central nervous system is rarely observed with
low-grade ocular adnexal lymphoma, and central nervous system
(CNS) prophylaxis with radiotherapy or chemotherapy is consid-
ered unnecessary.’’” A number of studies!!-1318,16.27.30,36,39.41-47.83,91
have reported treatment with chemotherapy alone or in combina-
tion with other modalities, but few have reported the response rates
obtained with these treatments.!!4647:8485 T ee et al*’ reported 3
patients who underwent CHOP chemotherapy, 2 of whom experi-
enced complete remission. Sasai et al*® observed no significant
difference in cause-specific or overall survival rates for patients
with MALT lymphoma treated with radiotherapy alone or with
exclusive single-agent or combination chemotherapy.*® Finally, we
reported 3 patients with low-grade lymphoma and one patient with
high-grade lymphoma treated with chemotherapy alone; 2 patients
with low-grade lymphoma experienced complete remission.!!
Although these series showed that high-grade lymphoma should be
treated by combination chemotherapy, they did not clearly define
the optimal chemotherapy regimen for low-grade lymphoma. They
also failed to define the response rate obtained with various
treatment regimens and did not evaluate the impact of chemo-
therapy on specific-cause and overall survival rates.

Surgical excision and wait-and-see policy

Surgical biopsy, which is the first step in the management of OAL,
as it is for other histologic subtypes of lymphoma, can consist of
apparent complete excision of the tumor, particularly in the case of
lacrimal gland tumors, in which encapsulated lesions can be
entirely removed. In all instances in which complete surgical
excision is suspected, accurate staging of disease must be per-
formed by orbital magntic resonance imaging (MRI) or CT to
detect any residual mass. Several publications have reported a total
of 80 patients in whom no complementary treatment, and particu-
larly no radiotherapy, was performed after surgical exci-
sion.!1:13:18.36,37.39.42.444547.91 Some of these studies indicated that
local relapse occurred more frequently after simple surgical
excision than after radiotherapy.'$#> However, this approach has
not been fully evaluated; the outcome was clearly indicated for
only 8 patients in these reports.!336434691 Two (25%) of these 8
patients did not experience relapse, 3 (37.5%) experienced local
recurrence at the initial ophthalmologic site, and 3 (37.5%)
contracted disseminated extra-ophthalmologic disease. More re-
cently, Matsuo and Yoshino®? reported a series of 8 patients with
MALT lymphoma who did not undergo complementary treatment
after surgical biopsy, 7 of whom experienced spontaneous tumor
regression between 1 and 5 years. However, some of these patients
received local corticosteroid or anti-intracellular bacterial antibi-
otic therapy. Finally, Tanimoto et al?® evaluated the long-term
results of no initial therapy for 36 patients with localized MALT
OAL. They showed that 69% of patients did not require any
treatment (median follow-up, 7.1 years) and that 6% died of
progressive lymphoma. These data indicate that further investiga-
tions are required to clearly evaluate a wait-and-see policy after
complete surgical excision of OAL.

Immunotherapy of OAL

Immunotherapy of OAL includes IFN-a and rituximab, but few
data have been published concerning these 2 modalities. Blasi et
al®* reported 5 patients with conjunctival MALT lymphoma treated
with 1500 000 IU IFN-a injected subconjunctivally inside the
lesion 3 times a week for 4 weeks. Complete response was obtained
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Table 2. Factors indicating negative OAL prognosis

Histoligic
No. of subtype of CSS/DFS Cox proportional 0OS, Cox proportional
Reference, year patients lymphoma Univariate analysis hazards model hazards model
Bessell et al,’® 1988 115 Ocular adnexa  High grade — —
White et al,?¢ 1995 42 Ocular adnexa  Secondary NHL — —
Esik et al,'® 1996 37 Orbital Older age; advanced stage; high grade — —
Bolek et al,2° 1999 38 Orbital High grade — —
Nakata et al,3? 1999 57 Ocular adnexa  Non-MALT type; LDH > N; advanced stage CSS; LDH > N; Non-MALT —
type

Jenkins et al,*° 2000 192 Ocular adnexa  High grade — —
Auw-Haedrich et al,*' 2001 46 Ocular adnexa  Advanced stage; high grade; p53 expression — —
Sasai et al,*¢ 2001 41 Ocular adnexa  High grade — —
Stafford et al,22 2001 55 Orbital Advanced stage — —
Cho et al,*2 2003 68 Ocular adnexa ~ Non-MALT type — —
Fung et al,*3 2003 98 Ocular adnexa  Advanced stage — —
Martinet et al,2” 2003 90 Orbital Age > 64; high grade; ESR > N; muscle DFS; age > 64; high grade; Age > 64; high grade

infiltration; nonconjunctival site; LDH > N ESR > N; nonconjunctival

site; LDH > N

Zucca et al,8 2003 31 MALT type Advanced stage; LDH > N; extranodal site > 1;  CSS; nodal involvement; Advanced stage

nodal involvement; IPI score > 2 PFS; IPI score > 2
Coupland et al,’© 2004 230 Ocularadnexa  Age > 60; high grade; advanced stage; p21, CSS; age > 60; high grade; —

p53, and pRB positivity advanced stage
Meunier et al,’! 2004 145 Ocular adnexa  High grade; age > 60*; nodal involvement*; DFS; age > 60; advanced High grade; B symptoms;

LDH > N*; IPI score > 2* stage; LDH > N age > 60; advanced

stage; LDH > N

Rosado et al,3° 2006 62 Ocular adnexa  Advanced stage — —

Cox proportional hazards model was used for multivariate analysis.
ESR, erythrocyte sedimentation rate; CSS, cause-specific survival.
*Univariate analysis was performed on patients with low-grade lymphoma.

in all patients. Four patients had no signs of local recurrence
(median follow-up, 21 months; range, 12-36 months), and one
patient experienced recurrence after 11 months and systemic
progression of the lymphoma. Similarly, few data have been
reported on patients with OAL treated with rituximab. Rituximab is
a monoclonal chimeric anti-CD20 antibody®® that has been exten-
sively used in the treatment of B-cell NHL, alone or in combination
with chemotherapy. Various effector mechanisms for rituximab
have been reported: complement-dependent cytolysis,” antibody-

Table 3. Radiotherapy for patients with OAL

dependent cell-mediated cytotoxicity,”® mAb-triggered induction
of B-cell apoptosis,””?® inhibition of cell proliferation,” synergistic
effect with cytotoxic agents,”!% and interferon-a.'”! Rituximab
with combination chemotherapy induces a significant benefit
compared with chemotherapy alone in terms of response rates,
progression-free survival, and overall survival in patients with
follicular'92-105 and diffuse large B-cell lymphomas.!06-108 Ritux-
imab induces overall and complete response rates in 70% and 42%
of patients with relapsed MALT lymphoma, respectively.!0%110

No. of Histology, Local Local Disseminated
Reference, year patients % low grade control, % relapse, % relapse, %
Bessell et al,’® 1988 112 NHL, 84 100 0 15
Vitu et al,™ 1990 14 NHL, 64 86 7 —
Letschert et al,’® 1991 30 NHL, — 94 0 20
Smitt and Donaldson,'® 1993 25 NHL, 88 100 8 20
Chao et al,'” 1995 20 NHL, 45 100 0 11
Esik et al,’® 1996 17 NHL, 92 100 0 —
Erkal et al,’® 1997 14 NHL, 57 100 14 =
Bolek et al,2° 1999 38 NHL, 66 100 3 50
Lau et al,2' 1998 20 NHL, — 100 15 —
Stafford et al,22 2001 48 NHL, 94 98 2 —
Bhatia et al,23 2002 52 NHL, 63 100 0 13
Le et al,24 2002 31 MALT, 100 100 0 16
Liao et al,25 2002 20 NHL, 68 100 0 6
Hasegawa et al,26 2003 28 NHL, 91 100 0 15
Martinet et al,2” 2003 90 NHL, 87 100 3 20
Uno et al,28 2003 50 MALT, 100 92 6 6
Tsang et al,?® 2003 30 MALT, 100 97 7 20
Meunier et al,’ 2004 107 NHL, 91 90 5 —
Rosado et al,?° 2006* 62 NHL, 96 100 0 7

*In this series, 20% of patients had relapses (none in the irradiated area), and 7% had disseminated disease.
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Eleven patients with ocular adnexal MALT lymphoma received
anti-CD20 antibody therapy; 5 had complete and 3 had partial
remissions (73%).308+111-113 Tn light of these preliminary data, the
place of rituximab in the treatment of ophthalmologic lymphomas
must be more extensively evaluated.

Anti-C psittaci antibiotic therapy

A new therapeutic approach to OAL, particularly conjunctival
NHL—anti—C psittaci antibiotic therapy—has recently been pro-
posed. As already mentioned in this review, Ferreri et al®
demonstrated an association between C psittaci and ocular adnexal
lymphomas. Nine patients with C psittaci—positive marginal zone
B-cell lymphoma of the ocular adnexa were treated with C
psittaci—eradicating antibiotic therapy (doxycycline).>* Objective
responses were observed in 4 patients with 2 complete remissions,
and chlamydial DNA was no longer detectable in PBMCs of all 4
patients with positive findings. These findings were corroborated
by a reported combination of adult inclusion conjunctivitis and
MALT lymphoma in a young patient!!' and by a series of 3 patients
treated with antibiotic therapy (2 complete remissions, 1 partial
response).!’S Inversely, Griinberger et al''® did not find a therapeu-
tic effect of “blind” antibiotic treatment in 11 patients with MALT
OAL. Since the first report by Ferreri et al,?* several other
series30-74117-121 have been reported, as shown in Table 4. The
prevalence of C psittaci infection in ocular adnexal lymphoma is
heterogeneous and ranges from 0% to 80%. Similarly, all
samples of extra-ophthalmologic lymphomas, lymphoid hyper-
plasia, and nonneoplastic orbital tumors were negative. Given
that this heterogeneity could be caused by different experimen-
tal conditions, we performed C psittaci DNA amplification
according to the protocol used by Ferreri et al** and observed a
very low prevalence of bacterial infection (6%). One hypothesis
for this apparent discrepancy is that a heterogeneous epidemio-
logic distribution of C psittaci infection exists worldwide.
Moreover, only You et al''® detected C psittaci DNA in 9% of
OAL patients and 4.7% of patients of nonneoplastic ocular
adnexal disease. This important finding must be evaluated by
international crossover studies to confirm the association be-
tween C psittaci infection and ocular adnexal lymphoma.
Because of the small number of treated patients and the
heterogeneous results concerning the association between C
psittaci and OAL, antichlamydia antibiotic therapy cannot at
present be considered standard treatment for ocular adnexal
lymphoma. However, the association between C psittaci infec-
tion and these lymphomas is impressive in view of the clearly
established association between gastric MALT lymphomas and

Table 4. Association between C psittaci and OAL
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H pylori infection.”? In the light of these findings, urgent
biologic and therapeutic investigations are justified.

Which management for OAL?

Several guidelines for the management of OAL that represent the
author’s approach can be proposed on the basis of the published
data and our extensive experience, as shown in Figure 3. This figure
describes elements to be evaluated at the time of the initial
diagnosis, histopathologic subtype of lymphoma, extension of
disease, prognostic factors related to the patient and to the disease,
ocular impact of the ophthalmologic lymphoma, and new treatment
modalities. Proposed treatment guidelines are as follows: (1)
Radiotherapy should be performed in patients with low-grade
lymphoma who are at risk for visual impairment. In those with
high-grade lymphoma, medical treatment consisting of chemo-
therapy with or without immunotherapy can have a rapid effect on
the disease and may delay or suspend the need for radiotherapy. (2)
In patients with high-grade OAL, apart from extension of the
disease, prognostic factors, and risk for visual impairment, anthra-
cycline-based combination chemotherapy should be administered,
together with rituximab monoclonal anti-CD20 antibody for those
with B-cell lymphoma. The chemotherapy regimen must be adapted to
prognostic factors in term of dose, number of courses, and type of
consolidation. (3) In patients with low-grade lymphoma who are not at
risk for visual impairment, various treatment options are possible
depending on prognostic factors, such as radiotherapy, single-agent
chemotherapy, immunotherapy with monoclonal anti-CD20 antibody,
antibiotic therapy, such as anti-C psittaci antibiotic therapy, and a
wait-and-see policy. However, the place of each of these modalities must
be clearly evaluated by multicenter prospective studies.

Conclusions

OAL constitutes a group of malignant lymphoid neoplasms present-
ing specific characteristics, namely a very high proportion of
low-grade B-cell NHL (as many as 80% of patients with approxi-
mately 50% of MALT lymphomas), a male-female sex ratio less
than 1, orbital and lacrimal gland involvement as the most frequent
ophthalmic sites (with bilateral involvement in 10% of patients),
and extra-ophthalmologic disease in approximately 33% of patients
(with nodal involvement in 20% of patients and bone marrow
involvement in 10% of patients). Prognostic factors are not really
different from those reported for nodal lymphoma, with a major
impact of the histopathologic subtype of the lymphoma. Similarly,
the outcome of these patients shows that the OAL site of the tumor

Reference, year OAL, no. (%) Extra-OAL, no. (%) LH, no. (%) Orbital samples, no. (%)

Ferreri et al,33 2004 32 of 40 (80) ND 3 of 26 (12) 0 of 20 (0)

Gracia et al,'” 2005 1 of 20 (5) 0 of 20 (0) ND 0 of 10 (0)

You et al,'18 2005 26 of 33 (78) ND ND 5 of 21 (23)
Rosado et al,%° 2006 0 of 57 (0) ND 0 of 2 (0) ND

Mulder et al,'"® in press 0 of 20 (0) ND ND ND

De Cremoux et al,” 2006 1 0of 16 (6) 00of 10 (0) 0 of 10 (0) ND

Daibata et al,'?° 2006 0 of 21 (0) ND 0 of 3 (0) ND

Liu et al,’2' in press 0 of 21 (0) ND ND ND

Total 60 of 228 (26) 0 of 30 (0) 30f41 (7) 5 of 51 (10)

Values shown are the number of positive results out of the number of samples analyzed.

LH indicates lymphoid hyperplasia; ND, not done.
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subtype of lymphoma.

does not influence the natural history of NHL. Because of the
high proportion of patients with extra-ophthalmologic disease
and the need to precisely evaluate the impact of the tumor on
ocular function, these patients clearly require concomitant
ophthalmologic and hematologic management. In patients with
low-grade ophthalmologic lymphoma and no risk for visual
impairment, radiotherapy has until now been considered the
reference treatment option. However, because of its late toxicity
and risk for disseminated relapse, and in light of the recent
published data, several other approaches—such as monoclonal
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Figure 3. Management of ocular adnexal lymphomas.
lllustration by Marie Dauenheimer.

Management of Ophthalmologic Lymphonas

1. Diagnois (surgical biorla ): histologic
OAL subtype of ryn:goma (Wi g classification)
2. Initial extension: ophthalmologic and
non-ophthalmologic tumor sites.
4 STEPS

3. Prognostic factors: according to histologic

4. Ocular impact: ophthalmologic assessment.

antibody immunotherapy and antibiotic therapy—can now be
proposed. These new treatments could be an opportunity to more
clearly define the mechanisms involved in OAL lymphomagen-
esis. A wait-and-see policy has also been proposed in some
patients with a low tumor burden of low-grade disease. The
management of OAL is, therefore, a topical subject that requires
the resolution of biologic and clinical issues by means of
prospective clinical trials with close collaboration between
ophthalmologists and hematologists and that represents an
exciting challenge for the next few years.

-

. Fitzpatrick PJ, Macko S. Lymphoreticular tumors
of the orbit. Int J Radiat Oncol Biol Phys. 1984;
10:333-340.

Lambo MJ, Brady LW, Shields CL. Lymphoid tu-
mors of the orbit. In: Alberti WE, Sagerman RH,
eds. Radiotherapy of Intraocular and Orbital Tu-
mors. Berlin, Germany: Springer-Verlag. 1993;
205-216.

Feinstein AR, Krause AC. Ocular involvement in
lymphomatous disease. Am Arch Ophthalmol.
1952;48:328-337.

Margo CE, Mulla ZD. Malignant tumors of the or-
bit: analysis of the Florida Cancer Registry. Oph-
thalmology. 1998;105:185-190.

5. Cassoux N, Merle-Beral H, Leblond V, et al. Ocu-

N

©

>

lar and central nervous system lymphoma: clini-
cal features and diagnosis. Ocul Immunol In-
flamm. 2000;8:243-250.

lar-central nervous system lymphoma: clinical
features, diagnosis, and outcomes. Ophthalmol-
ogy. 1999;106:1805-1810.

6. Buggage RR, Chan CC, Nussenblatt RB. Ocular 10. Coupland SE, Heimann H, Bechrakis NE. Pri-
manifestations of central nervous system lym- mary intraocular lymphoma: a review of the clini-
phoma. Curr Opin Oncol. 2001;13:137-142. cal, histopathological and molecular biological

7.Chan CC, Wallace DJ. Intraocular lymphoma: features. Graefes Arch Clin Exp Ophthalmol.
update on diagnosis and management. Cancer 2004;242:901-913.

Control. 2004;11:285-295. 11. Meunier J, Lumbroso-Le Rouic L, Vincent-

8. Ferreri AJ, Blay JY, Pasini F, et al. International Salomon A, et al. Ophthalmologic and intraocular
Extranodal Study Group (IELSG): relevance of non-Hodgkin’s lymphoma: a large single center
intraocular involvement in the management of study of initial characteristics, natural history, and
primary central nervous system lymphomas. Ann prognostic factors. Hematol Oncol. 2004;22:143-
Oncol. 2002;13:531-538. 158.

9. Akpek EK, Ahmed |, Hochberg FH, et al. Intraocu- 12. Plotkin SR, Batchelor TT. Advances in the therapy

%20z Ae 81 uo 3sanb Aq 4pd*LG¥1L0090. L 08UZ/SE0E LY/ LG L/S/801/3Pd-01o1e/po0|gjau suoledligndyse//:djy woy papeojumoq



«@

(4]

jare

N

N

e

N

BLOOD, 1 SEPTEMBER 2006 - VOLUME 108, NUMBER 5

of primary central nervous system lymphoma.
Clin Lymphoma. 2001;1:263-275.

Bessell EM, Henk JM, Wright JE, Whitelocke RA.
Orbital and conjunctival lymphoma treatment and
prognosis. Radiother Oncol. 1988;13:237-244.

. Vitu L, Cosset JM, Briot E, et al. Malignant non-
Hodgkin’s lymphoma of the conjunctiva: apropos
of 14 cases treated at the Institut Gustave-
Roussy. Bull Cancer Radiother. 1990;77:61-68.

. Letschert JG, Gonzalez Gonzalez D, Oskam J, et
al. Results of radiotherapy in patients with stage |
orbital non-Hodgkin’s lymphoma. Radiother On-
col. 1991;22:36-44.

. Smitt MC, Donaldson SS. Radiotherapy is suc-
cessful treatment for orbital lymphoma. Int J Ra-
diat Oncol Biol Phys. 1993;26:59-66.

.Chao CK, Lin HS, Devineni VR, Smith M. Radia-
tion therapy for primary orbital lymphoma. Int J
Radiat Oncol Biol Phys. 1995;31:929-934.

. Esik O, Ikeda H, Mukai K, Kaneko A. A retrospec-
tive analysis of different modalities for treatment
of primary orbital non-Hodgkin’s lymphomas. Ra-
diother Oncol. 1996;38:13-18.

. Erkal HS, Serin M, Sak SD, Cakmak A. Radiation
therapy for stage | primary orbital non-Hodgkin’s
lymphomas. Tumori. 1997;83:822-825.

. Bolek TW, Moyses HM, Marcus RB Jr, et al. Ra-
diotherapy in the management of orbital lym-
phoma. Int J Radiat Oncol Biol Phys. 1999;44:31-
36.

.Lau HY, Chua ET, Yang TL, Chua EJ. Orbital lym-
phoma: results of radiation therapy. Ann Acad
Med Singapore. 1998;27:474-477.

. Stafford SL, Kozelsky TF, Garrity JA, et al. Orbital
lymphoma: radiotherapy outcome and complica-
tions. Radiother Oncol. 2001;59:139-144.

. Bhatia S, Paulino AC, Buatti JM, Mayr NA, Wen
BC. Curative radiotherapy for primary orbital lym-
phoma. Int J Radiat Oncol Biol Phys. 2002;54:
818-823.

.Le QT, Eulau SM, George TI, et al. Primary radio-
therapy for localized orbital MALT lymphoma. Int
J Radiat Oncol Biol Phys. 2002;52:657-663.

. Liao SL, Kao SC, Hou PK, Chen MS. Results of
radiotherapy for orbital and adnexal lymphoma.
Orbit. 2002;21:117-123.

. Hasegawa M, Kojima M, Shioya M, et al. Treat-
ment results of radiotherapy for malignant lym-
phoma of the orbit and histopathologic review
according to the WHO classification. Int J Radiat
Oncol Biol Phys. 2003;57:172-176.

Martinet S, Ozsahin M, Belkacemi Y, et al. Out-
come and prognostic factors in orbital lymphoma:
a rare cancer network study on 90 consecutive
patients treated with radiotherapy. Int J Radiat
Oncol Biol Phys. 2003;55:892-898.

.Uno T, Isobe K, Shikama N, et al. Radiotherapy
for extranodal, marginal-zone, B-cell ymphoma
of mucosa-associated lymphoid tissue originating
in the ocular adnexa. Cancer. 2003;98:865-871.

. Tsang RW, Gospodarowicz MK, Pintilie M, et al.
Localized mucosa-associated lymphoid tissue
lymphoma treated with radiation therapy has ex-
cellent clinical outcome. J Clin Oncol. 2003;21:
4157-4164.

. Rosado MF, Byrne GE Jr, Ding F, et al. Ocular
adnexal lymphoma: a clinicopathological study of
a large cohort of patients with no evidence for an
association with Chlamydia psittaci. Blood. 2006;
107:467-472.

. Nuckel H, Meller D, Steuhl KP, Duhrsen U. Anti-
CD20 monoclonal antibody therapy in relapsed
MALT lymphoma of the conjunctiva. Eur J
Haematol. 2004;73:258-262.

. Zinzani PL, Alinari L, Stefoni V, Loffredo A, Pichi-
erri P, Polito E. Rituximab in primary conjunctiva
lymphoma. Leuk Res. 2005;29:107-108.

33. Ferreri AJ, Guidoboni M, Ponzoni M, et al. Evi-

dence for an association between Chlamydia

o

©

jury

o

©

psittaci and ocular adnexal lymphoma. J Natl
Cancer Inst. 2004;96:586-594.

. Ferreri AJ, Ponzoni M, Guidoboni M, et al. Re-

gression of ocular adnexal lymphoma after Chla-
mydia psittaci-eradicating antibiotic therapy.
J Clin Oncol. 2005;23:5067-5073.

. Harris NL, Jaffe ES, Diébold J, et al. World Health

Organization classification of neoplastic diseases
of the hematopoietic and lymphoid tissues: report
of the clinical advisory committee meeting—Airlie
House, Virginia, November 1997. J Clin Oncol.
1999;17:3835-3849.

. White WL, Ferry JA, Harris NL, Grove AS Jr. Ocu-

lar adnexal lymphoma: a clinicopathologic study
with identification of lymphomas of mucosa-asso-
ciated lymphoid tissue type. Ophthalmology.
1995;102:1994-2006.

. Restrepo A, Raez LE, Byrne GE Jr, et al. Is cen-

tral nervous system prophylaxis necessary in
ocular adnexal lymphoma? Crit Rev Oncog.
1998;9:269-273.

.Johnson TE, Tse DT, Byrne GE Jr, et al. Ocular-

adnexal lymphoid tumors: a clinicopathologic and
molecular genetic study of 77 patients. Ophthal
Plast Reconstr Surg. 1999;15:171-179.

. Nakata M, Matsumo Y, Katsumata N, et al. Histol-

ogy according to the Revised European-Ameri-
can Lymphoma classification significantly predicts
the prognosis of ocular adnexal lymphoma. Leuk
Lymphoma. 1999;32:533-543.

.Jenkins C, Rose GE, Bunce C, et al. Histologic

features of ocular adnexal lymphoma (REAL clas-
sification) and their association with patient mor-
bidity and survival. Br J Ophthalmol. 2000;84:
907-913.

. Auw-Haedrich C, Coupland SE, Kapp A, Schmitt-

Graff A, Buchen R, Witschel H. Long term out-
come of ocular adnexal lymphoma subtyped
according to the REAL classification. Br J Oph-
thalmol. 2001;85:63-69.

.Cho EY, Han JJ, Ree HJ, et al. Clinicopathologic

analysis of ocular adnexal lymphomas: extran-
odal marginal zone B-cell lymphoma constitutes
the vast majority of ocular lymphomas among
Koreans and affects younger patients. Am J He-
matol. 2003;73:87-96.

. Fung CY, Tarbell NJ, Lucarelli MJ, et al. Ocular

adnexal lymphoma: clinical behavior of distinct
WHO classification subtypes. Int J Radiat Oncol
Biol Phys. 2003;57:1382-1391.

. Adachi A, Tamaru J-1, Kaneko K, et al. No evi-

dence of a correlation between BCL10 expres-
sion API2-MALT1 gene rearrangement in ocular
adnexal MALT lymphoma. Pathol Intern. 2004;54:
16-25.

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

WR, Stein H. Prognostic value of cell-cycle mark-
ers in ocular adnexal lymphoma: an assessment
of 230 cases. Graefes Arch Clin Exp Ophthalmol.
2004;242:130-145.

. Sasai K, Yamabe H, Dodo Y, Kashii S, Nagata Y,

Hiraoka M. Non-Hodgkin’s lymphoma of the ocu-
lar adnexa. Acta Oncol. 2001;40:485-490.

.Lee JL, Kim MK, Lee KH, et al. Extranodal mar-

ginal zone B-cell lymphomas of mucosa-associ-
ated lymphoid tissue-type of the orbit and ocular
adnexa. Ann Hematol. 2005;84:13-18.

. Zucca E, Roggero E, Pinotti G, et al. Patterns of

survival in mantle cell lymphoma. Ann Oncol.
1995;6:257-262.

. Harris N, Jaffe ES, Stein H, et al. A revised Euro-

pean-American Classification of lymphoid neo-
plasms: a proposal from the International Lym-
phoma Study group. Blood. 1994;84:1361-1392.

. Sharara N, Holden JT, Wojno TH, Feinberg AS,

Grossniklaus HE. Ocular adnexa lymphoid prolif-
erations: clinical, histologic, flow cytometric, and
molecular analysis of forty-three cases. Ophthal-
mology. 2003;110:1245-1254.

©

=

©

OCULAR ADNEXALLYMPHOMA 1459

51. Chen PM, Chiou TJ, Yu IT, et al. Molecular analy-

sis of mucosa-associated lymphoid tissue (MALT)
lymphoma of ocular adnexa. Leuk Lymphoma.
2001;42:207-214.

.Chen PM, Liu JH, Yu IT, et al. Lack of mutations

of BCL6 and BCL10 genes in mucosa-associated
lymphoid tissue lymphomas of the orbital adnexa.
Cancer Genet Cytogenet. 2000;123:44-48.

. Streubel B, Simonitsch-Klupp I, Mdllauer L, et al.

Variable frequencies of MALT lymphoma-associ-
ated genetic aberrations in MALT lymphomas of
different sites. Leukemia. 2004;18:1722-1726.

. Streubel B, Vinatzer U, Lamprecht A, Raderer M,

Chott A. t(3;14)(p14.1;932) involving IGH and
FOXP1 is a novel recurrent chromosomal aberra-
tion in MALT lymphoma. Leukemia. 2005;19:652-
658.

. Matteucci C, Galieni P, Leoncini L, et al. Typical

genomic imbalances in primary MALT lymphoma
of the orbit. J Pathol. 2003;200:656-660.

.Ness GO, Lyboek H, Arnes J, Rodahl E. Chromo-

somal imbalances in lymphoid tumors of the orbit.
Invest Ophthalmol Vis Science. 2002;43:9-14.

. Levine EG, Arthur DC, Machnicki J, et al. Four

new recurring translocations in non-Hodgkin’s
lymphoma. Blood. 1989;74:1796-1800.

.Horsman D, Gascoyne R, Klasa R, Coupland R.

t(11;18)(g21;921.1): a recurring translocation
in lymphomas in mucosa-associated lymphoid
tissue (MALT)? Genes Chromosome Cancer.
1992,4:183-187.

. Akagi T, Motegi M, Tamura A, et al. A novel gene,

MALT1 et 18qg21, is involved in t(11;18)(q21;921)
found in low-grade B-cell lymphoma of mucosa-
associated lymphoid tissue. Oncogene. 1999;18:
5785-5794.

. Dierlamm J, Baens M, Wlodarska |, et al. The

apoptosis inhibitor gene AP12 and a novel 18q
gene, MLT, are recurrently rearranged in the t(11;
18)(q21;921) associated with mucosa-associated
lymphoid tissue lymphomas. Blood. 1999;93:
3601-3609.

.Morgan JA, Yin Y, Borowsky AD, et al. Break-

points of the t(11;18)(g21;921) in mucosa-associ-
ated lymphoid tissue (MALT) lymphoma lie within
or near the previously undescribed gene MALT1
in chromosome 18. Cancer Res. 1999;59:6205-
6213.

. Wotherspoon AC, Pan LX, Diss TC, Isaacson PG.

Cytogenetic study of B-cell lymphoma of mucosa-
associated lymphoid tissue. Cancer Genet Cyto-
genet. 1992;58:35-38.

. Willis TG, Jadayel DM, Du MQ, et al. Bcl10 is in-

volved in t(1;14)(p22;q32) of MALT B cell lym-
phoma and mutated in multiple tumor types. Cell.
1999;96:35-45.

. Thome M. CARMA1, BCL-10 and MALT1 in lym-

phocyte development and activation. Nat Rev
Immunol. 2004;4:348-359.

. Lucas PC, Yonezumi M, Inohara N, et al. Bcl10

and MALT1, independent targets of chromosomal
translocation in MALT lymphoma, cooperate in a
novel NF-«B signalling pathway. J Biol Chem.
200;276:19012-19019.

. Ghosh S, May MJ, Kopp EB. NF-kB and Rel pro-

teins: evolutionarily conserved mediators of im-
mune responses. Annu Rev Immunol. 1998;16:
225-260.

. Karin M, Ben-Neriah Y. Phosphorylation meets

ubiquitination: the control of NF-«B activity. Annu
Rev Immunol. 2000;18:621-663.

. Gascoyne RD. The molecular biology of MALT

lymphoma. Hematology. 2001;244-248.

. Morgner A, Sutton P, O'Rourke JL, Enno A, Dixon

MF, Lee A. Helicobacter-induced expression of
Bcl-X(L) in B lymphocytes in the mouse model: a
possible step in the development of gastric mu-
cosa-associated lymphoid tissue (MALT) lym-
phoma. Int J Cancer. 2001;92:634-640.

%20z Ae 81 uo 3sanb Aq 4pd*LG¥1L0090. L 08UZ/SE0E LY/ LG L/S/801/3Pd-01o1e/po0|gjau suoledligndyse//:djy woy papeojumoq



1460

70.

7

-

72.

73.

74.

7

(53]

7

(2]

7

78.

79.

80.

8

=

82.

8

w

84.

8

o

86.

87.

88.

~N

DECAUDIN et al

Seeberger H, Starostik P, Schwarz S, et al. Loss
of Fas (CD95/APO-1) regulatory function is an
important step in early MALT-type lymphoma de-
velopment. Lab Invest. 2001;81:977-986.

. D’Elios MM, Amedei A, Manghetti M, et al. Im-

paired T-cell regulation of B-cell growth in Helico-
bacter pylori-related gastric low-grade MALT lym-
phoma. Gastroenterology. 1999;117:1105-1112.

Wotherspoon AC, Ortiz-Hidalgo C, Falzon MR,
Isaacson PG. Helicobacter pylori-associated gas-
tritis and primary B-cell gastric lymphoma. Lan-
cet. 1991;338:1175-1176.

Shen DF, Herbort CP, Tuaillon N, Buggage RR,
Egwuagu CE, Chan CC. Detection of Toxoplasma
gondii DNA in primary intraocular B-cell lym-
phoma. Mod Pathol. 2001;14:995-999.

de Cremoux P, Subtil A, Ferreri AJ, et al. Re: Evi-
dence for an association between Chlamydia
psittaci and ocular adnexal lymphomas. J Natl
Cancer Inst. 2006;98:365-366.

. Ferreri AJ, Ponzoni M, Viale E, et al. Association

between Helicobacter pyloriinfection and MALT-
type lymphoma of the ocular adnexa: clinical and
therapeutic implications. Hematol Oncol. 2006;
24:33-37.

. Ferreri AJ, Viale E, Guidoboni M, et al. Clinical

implications of hepatitis C virus infection in MALT-
type lymphoma of the ocular adnexa. Ann Oncol.
2006;17:769-772.

Nutting CM, Shah-Desai S, Rose GE, Norton AP,
Plowman PN. Thyroid orbitopathy possibly pre-
disposes to late-onset of periocular lymphoma.
Eye. In press.

Chazerain P, Meyer O, Kaplan G, et al. Lympho-
mas of the ocular adnexa in Gougerot-Sjégren
syndrome: apropos of 4 cases. Ann Med Interne
(Paris). 1995;146:223-225.

Tonami H, Matoba M, Yokota H, Higashi K,
Yamamoto |, Sugai S. Mucosa-associated lym-
phoid tissue lymphoma in Sjégren’s syndrome:
initial and follow-up imaging features. AJR Am J
Roentgenol. 2002;179:485-489.

Dhermy P, Diebold J, Audoin J, Tricot G. Pseudo-
lymphomas of the ocular adnexa: their relations
to Sjogren’s syndrome [in French]. J Fr Ophtal-
mol. 1981;4:787-796.

. Takeshita S, Sugai S, Ogawa Y, et al. A case of

Sjogren’s syndrome with an eyelid tumor, a so-
termed pseudolymphoma of the lacrimal gland.
Ryumachi. 1996;36:43-49.

Yago T, Nishinarita M. A case of Sjégren’s syn-
drome with marked lacrimal gland enlargement,
atypical onset and IgA-M-proteinemia. Nihon Rin-
sho Meneki Gakkai Kaishi. 2002;25:466-472.

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

tures associated with survival of patients with
lymphoma of the ocular adnexa. Eye. 2003;17:
809-820.

Charlotte F, Doghmi K, Cassoux N, et al. Ocular
adnexal marginal zone B cell lymphoma: a clinical
and pathologic study of 23 cases. Virchows Arch.
2006;448:506-516.

. Sullivan TJ, Whitehead K, Williamson R, et al.

Lymphoproliferative disease of the ocular ad-
nexa: a clinical and pathologic study with statisti-
cal analysis of 69 patients. Ophthal Plast Recon-
str Surg. 2005;21:177-188.

Glass AG, Karnell LH, Menck HR. Database re-
port on non-Hodgkin’s lymphoma. Cancer. 1997;
80:2311-2320.

Thiéblemont C, Berger F, Dumontet C. Mucosa-
associated lymphoid tissue lymphoma is a dis-
seminated disease in one third of 158 patients
analyzed. Blood. 2000;95:802-806.

Zucca E, Conconi A, Pedrinis E. Nongastric mar-
ginal zone B-cell lymphoma of mucosa-associ-

8

©

90.

9

=

92.

93.

94.

9

o

96.

97.

98.

99.

100.

10

=

102.

103.

104.

BLOOD, 1 SEPTEMBER 2006 - VOLUME 108, NUMBER 5

ated lymphoid tissue. Blood. 2003;101:2489-
2495,

. Meunier C, Lumbroso-Le Rouic L, Dendale R, et

al. Conjunctival low-grade non-Hodgkin’s lym-
phoma: a large single-center study of initial char-
acteristics, natural history, and prognostic factors.
Leuk Lymphoma. In press.

A predictive model for aggressive non-Hodgkin’s

lymphoma: the International Non-Hodgkin’s Lym-
phoma Prognostic Factors Project. N Engl J Med.
1993;329:987-994.

. Baldini L, Blini M, Guffanti A, et al. Treatment and

prognosis in a series of primary extranodal lym-
phomas of the ocular adnexa. Ann Oncol. 1998;9:
779-781.

Matsuo T, Yoshino T. Long-term follow-up results
of observation or radiation for conjunctival malig-
nant lymphoma. Ophthalmology. 2004;111:1233-
1237.

Tanimoto K, Kaneko A, Suzuki S, et al. Long-term
follow-up results of no initial therapy for ocular
adnexal MALT lymphoma. Ann Oncol. 2006;17:
135-140.

Blasi MA, Gherlinzoni F, Calvisi G, et al. Local
chemotherapy with interferon-alpha for conjuncti-
val mucosa-associated lymphoid tissue lym-
phoma: a preliminary report. Ophthalmology.
2001;108:559-562.

. Tedder TF, Engel P. CD20: a regulator of cell-type

progression of B lymphocytes. Immunol Today.
1994;15:450-454.

Reff ME, Carner K, Chambers KS, et al. Deple-
tion of B-cells in vivo by a chimeric mouse human
monoclonal antibody to CD20. Blood. 1994;83:
435-445.

Shan D, Ledbetter JA, Press O. Apoptosis of ma-
lignant human B cells by ligation of CD20 with
monoclonal antibodies. Blood. 1998;91:1644-
1652.

Mathas S, Rickers A, Bommert, K, Dérken B,
Mapara MY. Anti-CD20- and B-cell receptor-medi-
ated apoptosis: evidence for shared intracellular
signaling pathways. Cancer Res. 2000;60:7170-
7176.

Demidem A, Lam T, Alas S, Hariharan K, Hanna
N, Bonavida B. Chimeric anti-CD20 (IDEC-c2b8)
monoclonal antibody sensitizes a B cell lym-
phoma cell line to cell killing by cytotoxic drugs.
Cancer Biother Radiopharm. 1997;12:177-186.

Di Gaetano N, Xiao Y, Erba E, et al. Synergism
between fludarabine and rituximab revealed in a
follicular lymphoma cell line resistant to the cyto-
toxic activity either drug alone. Br J Haematol.
2001;114:800-809.

. Sacchi S, Federico M, Vitolo U, et al. Clinical ac-

tivity and safety of combination immunotherapy
with IFN-a2a and rituximab in patients with re-
lapsed low grade non-Hodgkin’s lymphoma.
Haematologica. 2001;86:951-958.

Czuczman MS, Weaver R, Alkuzweny B, Berlfein
J, Grillo-Lopez AJ. Prolonged clinical and molecu-
lar remission in patients with low-grade or follicu-
lar non-Hodgkin’s lymphoma treated with ritux-
imab plus CHOP chemotherapy: 9-year follow-up.
J Clin Oncol. 2004;22:4711-4716.

Salles G, Foussard C, Mounier N, et al. Ritux-
imab added to «alFN+CHVP improves the out-
come of follicular lymphoma patients with a high
tumor burden: first analysis of the GELA-GOEL-
AMS FL-2000 randomized trial in 359 patients
[abstract]. Blood. 2004;104. Abstract 160.

Hiddemann W, Kneba M, Dreyling M, et al. Frontline
therapy with rituximab added to the combination
of cyclophosphamide, doxorubicin, vincristine,
and prednisone (CHOP) significantly improves
the outcome for patients with advanced-stage
follicular lymphoma compared with therapy with
CHOP alone: results of a prospective randomized

10

10

10

10

10

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

12

12

5.

6.

7.

8.

©

0.

=

study of the German Low-Grade Lymphoma
Study Group. Blood. 2005;106:3725-3732.

Marcus R, Imrie K, Belch A, et al. CVP chemo-
therapy plus rituximab compared with CVP as
first-line treatment for advanced follicular lym-
phoma. Blood. 2005;105:1417-1423.

Coiffier B, Lepage E, Briere J, et al. CHOP che-
motherapy plus rituximab compared with CHOP
alone in elderly patients with diffuse large-B-cell
lymphoma. N Engl J Med. 2002;346:235-242.
Habermann TM, Weller E, Morrison VA, et al. Rit-
uximab-CHOP versus CHOP with or without
maintenance rituximab in patients 60 years of
age or older with diffuse large B-cell ymphoma
(DLBCL): an update [abstract]. Blood. 2004;104.
Abstract 127.

Pfreundschuh M, Truemper L, Gill D, et al. First
analysis of the completed Mabthera International
(MinT) trial in young patients with low-risk diffuse
large B-cell lymphoma (DLBCL): addition of ritux-
imab to a CHOP-like regimen significantly improves
outcome of all patients with the identification of a
very favorable subgroup with IPI=0 and no bulky
disease [abstract]. Blood. 2004;104. Abstract
157.

. Raderer M, Jager G, Brugger S, et al. Rituximab

for treatment of advanced extranodal marginal
zone B-cell lymphoma of the mucosa-associated
lymphoid tissue lymphoma. Oncology. 2003;65:
306-310.

Conconi A, Martinelli G, Thiéblemont C, et al.
Clinical activity of rituximab in extranodal mar-
ginal zone B-cell lymphoma of MALT-type. Blood.
2003;102:2741-2745.

Nuckel H, Meller D, Steuhl KP, Duhrsen U. Anti-
CD20 monoclonal antibody therapy in relapsed
MALT lymphoma of the conjunctiva. Eur J
Haematol. 2004;73:258-262.

Zinzani PL, Alinari L, Stefoni V, Loffredo A, Pichi-
erri P, Polito E. Rituximab in primary conjunctiva
lymphoma. Leuk Res. 2005;29:107-108.

Ferreri AdJ, Ponzoni M, Martinelli G, et al. Ritux-
imab in patients with mucosal-associated lym-
phoid tissue-type lymphoma of the ocular ad-
nexa. Haematologica. 2005;90:1578-1579.
Yeung L, Tsao YP, Chen PY, Kuo TT, Lin KK, Lai
LJ. Combination of adult inclusion conjunctivitis
and mucosa-associated lymphoid tissue (MALT)
lymphoma in a young adult. Cornea. 2004;231:
71-75.

Coleman M, Leonard JP, Decter J, et al. Periocu-
lar MALT (conjunctival/orbital) lymphomas: com-
plete responses with antibiotic therapy [abstract].
Blood. 2004;104. Abstract 2493.

Grlnberger B, Hauff W, Lukas J, et al. “Blind” an-
tibiotic treatment targeting Chlamydia is not effec-
tive in patients with MALT lymphoma of the ocular
adnexa. Ann Oncol. 2006;17:484-487.

Gracia E, Mazzucchelli L, Frésch P, et al. Low
prevalence of Chlamydia psittaci infection in ocu-
lar adnexal lymphoma from Cuban patients [ab-
stract]. Ann Oncol. 2005;16. Abstract 303.

You C, Ryu M-H, Huh J, et al. Ocular adnexal
lymphoma is highly associated with Chlamydia
psittaci [abstract]. Eur J Cancer. 2005;2(suppl
3):282-283. Abstract 982.

Mulder MM, Heddema ER, Pannekoek Y, et al.
No evidence for an association of ocular adnexal
lymphoma with Chlamydia psittaciin a cohort of
patients from the Netherlands. Leuk Res. In
press.

Daibata M, Nemoto Y, Togitani K, et al. Absence
of Chlamydia psittaciin ocular adnexal lymphoma
from Japanese patients. Br J Haematol. 2006;
132:651-661.

. Liu YC, Ohyashiki JH, Ito Y, et al. Chlamydia

psittaciin ocular adnexal lymphoma: Japanese
experience. Leuk Res. In press.

%20z Ae 81 uo 3sanb Aq 4pd*LG¥1L0090. L 08UZ/SE0E LY/ LG L/S/801/3Pd-01o1e/po0|gjau suoledligndyse//:djy woy papeojumoq



