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IMPORTANCE The clinical features of diffuse large B-cell lymphoma (DLBCL) subtype of ocular
adnexal lymphoma have not previously been evaluated in a large cohort to our knowledge.

OBJECTIVE To investigate the clinical features of ocular adnexal DLBCL (OA-DLBCL).

DESIGN, SETTING, AND PARTICIPANTS This retrospective international cooperative study
involved 6 eye cancer centers. During 30 years, 106 patients with OA-DLBCL were identified,
and 6 were excluded from the study. The median follow-up period was 52 months.

MAIN OUTCOMES AND MEASURES Overall survival, disease-specific survival (DSS), and
progression-free survival were the primary end points.

RESULTS One hundred patients with OA-DLBCL were included in the study (median age, 70
years), of whom 54 (54.0%) were female. The following 3 groups of patients with lymphoma
could be identified: primary OA-DLBCL (57.0%), OA-DLBCL and concurrent systemic
lymphoma (29.0%), and ocular adnexal lymphoma relapse of previous systemic lymphoma
(14.0%). Of 57 patients with primary OA-DLBCL, 53 (93.0%) had Ann Arbor stage IE disease,
and 4 (7.0%) had Ann Arbor stage IIE disease. According to the TNM staging system, 43 of 57
(75.4%) had T2 tumors. Among all patients, the most frequent treatments were external
beam radiation therapy with or without surgery (31.0%) and rituximab–cyclophosphamide,
hydroxydaunorubicin, vincristine sulfate, prednisone (CHOP) or rituximab–CHOP-like
chemotherapy with or without external beam radiation therapy (21.0%). The 5-year overall
survival among the entire cohort was 36.0% (median, 3.5 years; 95% CI, 2.5-4.5 years).
Relapse occurred in 43.9% (25 of 57) of patients with primary OA-DLBCL. Increasing T
category of the TNM staging system was predictive of DSS (P = .04) in primary OA-DLBCL,
whereas the Ann Arbor staging system was not. However, when taking all 100 patients into
account, Ann Arbor stage was able to predict DSS (P = .01). Women had a longer median DSS
than men (9.8 years; 95% CI, 1.9-17.7 years vs 3.3 years; 95% CI, 1.6-5.0; P = .03).

CONCLUSIONS AND RELEVANCE Most patients with primary OA-DLBCL were seen with Ann
Arbor stage IE and TNM T2 disease. The 5-year overall survival was between 2.5 and 4.5
years, which is the 95% CI around the median of 3.5 years in this cohort. Increasing T
category appears to be associated with decreased DSS among patients with primary
OA-DLBCL. When taking all patients into account, sex and Ann Arbor stage also seem to be
DSS predictors.
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D iffuse large B-cell lymphoma (DLBCL) is the most
common non-Hodgkin lymphoma, accounting for
30% to 40% of all non-Hodgkin lymphomas.1 It is a

heterogeneous disease that is clinically, biologically, and
molecularly diverse.2 Extranodal lymphoma occurs in
approximately 40% of patients with DLCBL, commonly
involving the gastrointestinal tract, skin, and soft tissue.1-3

Diffuse large B-cell lymphoma comprises 5% to 15% of ocu-
lar adnexal lymphomas (OALs), with the orbit being the
most frequent site affected.4-7

Survival of patients with DLBCL in general has improved
during the past decades following introduction of the anti-
CD20 antibody rituximab, combined with anthracycline-
containing cyclophosphamide, hydroxydaunorubicin, vin-
c ristine sulfate, prednisone (CHOP) or CHOP-like
chemotherapy.8 The 5-year survival outcomes are high in pa-
tients with DLBCL treated with rituximab-CHOP when strati-
fied by age, different prognostic groups, and tumor bulk, but
in refractory or progressive disease the prognosis remains
poor.3,9-12

Two staging systems exist for OAL. The modified Ann Ar-
bor staging system13 is used for determining the clinical stage
of patients with both nodal and extranodal lymphomas. When
applied to lymphomas of extranodal sites (such as OALs), the
Ann Arbor staging system has limitations. For example, two-
thirds of OALs are designated as stage IE14,15 independent of
size, location, multicentricity, and unilaterality or bilaterality
of the tumors. The site-specific American Joint Committee on
Cancer TNM staging system differentiates between lympho-
mas of the eyelids, conjunctiva, orbit, lacrimal gland, and lac-
rimal sac16 and allows for descriptors indicating whether an
OAL is bilateral or multicentric. Briefly, the T category indi-
cates the exact location of the primary tumor in the ocular ad-
nexa. The N category indicates the extent of lymph node in-
volvement, and the M category indicates involvement of
extranodal tissues or organs external to the ocular adnexa.14

Therefore, a more detailed picture of the local disease extent
can be documented. In ocular adnexal DLBCL (OA-DLCBL), the
prognostic utility of the Ann Arbor staging system and the TNM
staging system for OAL needs to be further validated. Hence,
the objectives of this international, multicenter study were to
investigate the clinical and histopathologic features in pa-
tients with OA-DLBCL and to assess the usefulness of the Ann
Arbor staging system and the TNM staging system in these
tumors.

Methods
Study Design
The study followed the tenets of the Declaration of Helsinki,
with institutional review board and health information pri-
vacy agency approval obtained from the Danish Data Pro-
tection Agency. The Danish National Ethics Committee did
not require informed consent because most of the patients
were deceased at the time of the study. Eligible patients
with a histologic diagnosis of OA-DLBCL were identified
from the databases of 6 participating eye cancer centers in a

30-year search period from January 1, 1980, through Decem-
ber 31, 2010.

Histopathology and DLBCL Subclassification
The pathologic specimens were evaluated by each center.
Specimens were originally stained with hematoxylin-eosin
and examined by immunohistochemistry (IHC) with the fol-
lowing panel of antibodies: CD3, CD5, CD79α, CD20, CD23,
CD10, BCL2, BCL6, cyclin-D1, and MUM-1/IRF4 antibody.2

The Ki-67 proliferative index was estimated by IHC in quar-
tiles. Further IHC subgrouping was conducted to determine
a surrogate for molecular subtypes (ie, germinal center
B-cell [GCB]–like or activated B-cell–like17). Patients were
divided into the GCB or non-GCB IHC subgroup according to
the algorithm by Hans et al.18

Clinical Data
Clinical data were recorded. These included sex, age, symp-
toms, clinical findings, year of diagnosis, and serum lactate
dehydrogenase level, as well as treatment, response to
therapy, recurrence-free periods, time and localization of
relapse, disease stage at the last follow-up time, and sur-
vival duration and cause of death. Also recorded was the
International Prognostic Index (IPI), including age older
than 60 years, Ann Arbor stage, more than 1 extranodal site,
and performance status of 2 or higher.

Primary OAL was defined as clinically seen lymphoma that
was limited to the ocular adnexal region (Ann Arbor stage IE)
with or without involvement of unilateral preauricular or sub-
mandibular lymph nodes or adjacent structures such as the pa-
rotid gland (Ann Arbor stage IIE), and no history of lym-
phoma disease. Patients having OAL with concurrent advanced
systemic lymphoma and initial symptoms outside the ocular
adnexal region were considered to have disseminated OAL. A
third group of patients had a history of systemic lymphoma
in remission and were seen with a relapse of lymphoma in the
ocular adnexal region (relapsed OAL). Assessment of disease
extent was registered using the Ann Arbor staging system in
all patients.19 The extent of ocular adnexal involvement of pri-
mary OAL was also evaluated according to the TNM staging sys-
tem for OAL.12,16 Treatment response criteria were assessed as
complete response, partial response, and stable disease.20

Statistical Analysis
Overall survival (OS), disease-specific survival (DSS), and pro-
gression-free survival were considered the primary end points.
Overall survival was defined from the date of diagnosis to the
date of follow-up or death from any cause. Disease-specific sur-
vival was defined as the date of diagnosis to the date of fol-
low-up or death from lymphoma. Progression-free survival was
calculated from the date of diagnosis to either the date of first
relapse or progression after initial treatment to the date of last
contact or death from any cause. Kaplan-Meier plots were used
to visualize survival outcomes. The different risk groups were
compared using log-rank test. Individual risk factors were com-
pared using the Fisher exact test. A software program (SPSS
version 20; IBM) was used for statistical calculations. P < .05
was considered significant.
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Results

Clinical Features
In total, 106 patients with OA-DLBCL were identified from 6
eye cancer centers. Six patients were excluded from the study
because of missing data, leaving 100 patients for analysis. The
median follow-up period was 52 months. Thirty-four patients
were from Copenhagen, Denmark; 25 patients were from Liv-
erpool, England; 18 patients were from Houston, Texas; 15 pa-
tients were from Hyderabad, India; 6 patients were from Mel-
bourne, Australia; and 2 patients were from Atlanta, Georgia.
Selected patient data from the cancer centers in Copenhagen
and Houston were previously published in local studies7,21 on
various histologic subtypes of OAL. Fifty-four patients (54.0%)

were female (Table 1). The median age was 70 years (age range,
4–97 years). The median ages stratified by local eye cancer cen-
ters were 78 years in Copenhagen, 73 years in Liverpool, 64
years in Houston, 45 years in Hyderabad, 59 years in Mel-
bourne; and 68 years in Atlanta. The ratios of women to men
were 0.9 in Copenhagen, 1.5 in Liverpool, 1.6 in Houston, 0.5
in Hyderabad, 5.0 in Melbourne, and 2.0 in Atlanta.

Of 100 patients, 57 were diagnosed as having primary OA-
DLBCL as defined above, 29 (29.0%) had systemic lymphoma
with a secondary manifestation in the ocular adnexa, and 14
(14.0%) were seen with an ocular adnexal relapse of systemic
lymphoma. These results are summarized in Table 1.

The orbit and conjunctiva were the most frequently in-
volved ocular adnexal sites in all 3 groups. Tumor or swelling
(75.0%) was the most common symptom (Table 2). The me-

Table 1. Clinical and Staging Characteristics of 100 Patients With Ocular Adnexal Diffuse Large B-cell Lymphoma

Characteristic

Total Patients,
No. (%)

(N = 100)

Disease Presentation, No. of Patients P Value,
Fisher Exact

Test
Primary
(n = 57)

Disseminated
(n = 29)

Relapsed
(n = 14)

Sex .44

Male 46 (46.0) 23 15 8

Female 54 (54.0) 34 14 6

Age at presentation, y .61

≤60 29 (29.0) 19 7 3

>60 71 (71.0) 38 22 11

Laterality .70

Unilateral 91 (91.0) 51 26 14

Bilateral 9 (9.0) 6 3 0

Ann Arbor stage <.001

IE 56 (56.0) 53 0 3

IIE 15 (15.0) 4 8 3

IIIE 6 (6.0) 0 6 0

IVE 23 (23.0) 0 15 8

Treatment .04

EBRT with or without surgery 31 (31.0) 20 9 2

Rituximab

In combination with CHOP
or rituximab–CHOP-like
with or without EBRT or
ASCTa

21 (21.0) 8 6 7

In combination with other
chemotherapyb

9 (9.0) 5 2 2

Only 1 (1.0) 1 0 0

Chemotherapy

CHOP or CHOP-like with or
without EBRT or ASCTa

7 (7.0) 2 2 3

Other chemotherapyb 19 (19.0) 14 5 0

Other treatmentc 12 (12.0) 7 5 0

Recurrence or progression
(n = 97)d

.001

No 39 (40.2) 31 7 1

Yes 58 (59.8) 25 20 13

Disease status at last follow-up

Complete remission 29 (29.0) 22 7 0
.02

Alive with disease 8 (8.0) 3 4 1

Dead from lymphoma 44 (44.0) 20 14 10
.03Dead from other cause than

lymphoma
19 (19.0) 12 4 3

Abbreviations: ASCT, autologous
stem cell transplantation;
CHOP, cyclophosphamide,
hydroxydaunorubicin, vincristine
sulfate, prednisone; EBRT, external
beam radiation therapy.
a One patient received ASCT.
b Other monotherapy or combination

chemotherapy includes
chlorambucil, cyclophosphamide,
vincristine sulfate, etoposide,
prednisone, cytarabine,
methotrexate, and 5-fluorouracil.

c Other treatment includes surgery
only, prednisone only, unknown,
and no treatment.

d Three patients had unknown status.
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dian symptom duration was 9.6 months (range, 1-96 months).
The most common clinical signs were a mass (82.0%) and globe
displacement (39.0%) (Figure 1A and B). Serum lactate dehy-
drogenase level was available in 77 patients (77.0%). Among
these, 19.5% (15 of 77) had an elevated serum lactate dehydro-
genase level. The median IPI was 3 among 20 patients, all from
Copenhagen, of whom 80.0% (16 of 20) had a high IPI (3 or 4)
and 20.0% (4 of 20) had a low IPI (0 to 2).

Ann Arbor Staging System–Based and TNM-Based Staging
of Primary OA-DLBCL
Of 57 patients with primary OA-DLBCL, 53 (93.0%) were seen
with Ann Arbor stage IE disease and 4 (7.0%) with Ann Arbor
stage IIE disease (Table 1). Of 57 patients with primary OA-
DLBCL, 4 had involvement of the conjunctiva only (T1 dis-
ease), 43 had T2 disease (involvement of the orbit with or with-
out the lacrimal gland), 3 had T3 disease (preseptal eyelid
involvement), and 7 had T4 disease (extraorbital involve-
ment) (Table 3). The posterior orbit (T2cN0M0) was the most
frequently involved site in T2 disease, followed by the ante-
rior orbit with or without the lacrimal gland (T2a-bN0M0).
Lymph node (N1) involvement was present in 4 of 57 patients
(7.0%).

Histopathologic Findings
Information on morphologic details was available in 63 of 100
patients with OA-DLBCL. Centroblastic morphology was pres-
ent in 57 specimens (90.5%), and 6 specimens (9.5%) had im-
munoblastic morphology (Figure 1C). Overall survival was un-
related to morphology (P = .90, log-rank test). The Copenhagen
patients with centroblastic morphology had better DSS, as pre-
viously published.7 Eighty-four OA-DLBCLs were subdivided
further according to the algorithm by Hans et al.18 Of these, 58
(69.0%) were categorized as non-GCB subtype, and 26 (31.0%)
were categorized as GCB subtype. Information on the Ki-67 pro-
liferative index was available in 94 patients (94.0%). The me-
dian Ki-67 proliferative index was 72.5% (range, 5.0%-
100.0%) (Figure 1D). No difference in OS was identified in
patients with non-GCB vs GCB subtype or with an increasing
Ki-67 proliferative index (P = .14 and P = .10, respectively, log-
rank test).

Treatment
Generally, high intracenter and intercenter variability in the
treatment of OA-DLBCL was observed (eTable in the Supple-
ment). External beam radiation therapy (EBRT) was the most
frequently used treatment modality (31 of 100), followed by

Table 2. Location, Frequency of Symptoms, and Clinical Signs at Presentation of Ocular Adnexal Diffuse Large
B-cell Lymphomaa

Variable
Total Patients, No. (%)

(N = 100)

Disease Presentation, No. of Patients
Primary
(n = 57)

Disseminated
(n = 29)

Relapsed
(n = 14)

Location in the ocular adnexal region

Orbit 49 (49.0) 26 16 7

Conjunctiva 35 (35.0) 18 10 7

Lacrimal gland 18 (18.0) 8 8 2

Eyelid 15 (15.0) 7 6 2

Lacrimal sac 1 (1.0) 0 0 1

Symptom

Tumor or swelling 75 (75.0) 35 24 16

Irritation or pain 32 (32.0) 14 12 6

Epiphora 23 (23.0) 7 11 5

Exophthalmus 20 (20.0) 11 6 3

Diplopia 16 (16.0) 7 9 0

Ptosis 14 (14.0) 6 5 3

Decreased visual acuity 5 (5.0) 4 0 1

Dry eye 1 (1.0) 1 0 0

Not stated 4 (4.0) 3 1 0

Clinical sign

Mass 82 (82.0) 38 29 15

Globe displacement 39 (39.0) 21 14 4

Chemosis 20 (20.0) 13 7 0

Restricted eye movement 19 (19.0) 10 6 3

Resistance 17 (17.0) 11 4 2

Edema 14 (14.0) 8 5 1

Diplopia 13 (13.0) 6 7 0

Ptosis 12 (12.0) 9 2 1

Epiphora 8 (8.0) 6 2 0

Not stated 2 (2.0) 1 1 0

a Patients may have 1 or more
locations, presentation symptoms,
or clinical signs.
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rituximab-CHOP or rituximab–CHOP-like chemotherapy (21 of
100) and rituximab combined with other chemotherapy (9 of
100) (Table 1). Of 21 patients who received rituximab-CHOP or
rituximab–CHOP-like regimens, 17 patients (81.0%) were in
Houston. Among 15 of these, the mean (SD) number of cycles
was 5.0 (2.2). These patients were all diagnosed as having OA-
DLBCL after 2000 (ie, after Food and Drug Administration ap-
proval for rituximab in 1997). However, in the whole cohort,
79.0% of patients were diagnosed after 1997. Among the pa-
tients receiving rituximab-CHOP or rituximab–CHOP-like regi-
mens, 10 of 21 (47.6%) received additional EBRT.

The mean (SD) radiation dose was 34 (14) Gy, and the mean
(SD) dose per fraction was 2 (1) Gy. In 5 patients, the number
of fractions per week was available, and all received 5 frac-
tions per week. Data for the period in which EBRT was ap-
plied and the specific techniques were unavailable. Pathoana-
tomical targets were available for only 10 patients, all from
Houston.

Among all patient groups, no differences were observed
in treatment regimen or Ann Arbor stage (P = .27, the Fisher
exact test). Similarly, no differences were seen in T category
or treatment regimen among 57 patients diagnosed as having
primary OA-DLBCL (P = .49, the Fisher exact test).

Treatment Outcomes and Survival
Recurrence or progression was observed in 25 of 57 patients
(43.9%) with primary OA-DLBCL (Table 1). The time to re-

lapse was known in 12 of 57 patients, with the median being
12.5 months (range, 1-191 months). The median progression-
free survival was 5.0 years. All 25 patients with relapse had re-
currence within the ocular adnexa, involving the orbit (n = 20),
conjunctiva (n = 2), eyelid (n = 2), and lacrimal gland (n = 1).

In the entire study cohort, 63.0% of patients with DLBCL
died. Of these, 44 (69.8%) died of lymphoma-related causes.
The median time from initial diagnosis to lymphoma-related
death was 33 months (range, 1-192 months). No differences in
OS or DSS were observed among participating centers (P = .25
and P = .75, respectively, log-rank test). The OS rates at 3 and
5 years were 57.0% and 36.0%, respectively (median, 3.5 years;
95% CI, 2.5-4.5 years) for the entire cohort, whereas the DSS
rates at 3 and 5 years were 64.0% and 47.0%, respectively (me-
dian, 4.8 years; 95% CI, 2.9-6.7 years).

Overall survival did not seem to be associated with treat-
ment modality or date of diagnosis (before vs after 1997) (P = .76
and P = .75, respectively, log-rank test). No survival trends were
identified among patients treated with rituximab-CHOP vs ri-
tuximab–CHOP-like chemotherapy when stratified by re-
ceipt of EBRT (P = .93, log-rank test). Of 20 patients treated with
rituximab-CHOP or rituximab–CHOP-like chemotherapy with
or without EBRT, 11 were alive at follow-up, and 8 of them were
in complete remission. Patients older than 60 years had poorer
median OS (3.3 years; 95% CI, 2.2-4.4 years) than patients 60
years or younger (8.3 years; 95% CI, 0.6-15.9 years) (P = .03, log-
rank test). However, no difference was observed between the

Figure 1. Clinical and Histopathologic Findings of Ocular Adnexal Diffuse Large B-cell Lymphoma

Clinical picture of the diseaseA Computed tomography of the orbitB

Tumor cells with mitotic figuresC High Ki-67 proliferative indexD

A, Clinical picture of the disease.
B, Computed tomography of the orbit
showing the tumor mass (yellow
arrowhead). C, Tumor cells (yellow
arrowhead) with mitotic figures
(black arrowheads)
(hematoxylin-eosin, original
magnification ×400). D, High Ki-67
proliferative index exceeding 90%
(yellow arrowhead) (original
magnification ×400).

Ocular Adnexal Diffuse Large B-cell Lymphoma Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology February 2015 Volume 133, Number 2 169

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/23/2022



Copyright 2015 American Medical Association. All rights reserved.

2 groups with regard to progression-free survival and DSS
(P = .91 and P = .26, respectively, log-rank test). Further-
more, the median DSS was significantly higher among women
(9.8 years, 95% CI, 1.9-17.7 years) than among men (3.3 years;
95% CI, 1.6-5.0 years) (P = .03, log-rank test) (Figure 2A). This
trend was also present when stratified by T category and Ann
Arbor stage. The DSS did not differ among patients with pri-
mary, disseminated, and relapsed OA-DLBCL (P = .09, log-
rank test). Among all groups, patients with Ann Arbor stage IVE
disease had poorer median DSS (1.4 years; 95% CI, 0.2-2.6 years)
than patients with Ann Arbor stage IE disease (8.3 years; 95%
CI, 4.0-12.5 years), stage IIE disease (9.8 years; 95% CI, 2.6-

17.0 years), and stage IIIE disease (5.0 years; 95% CI, 1.5-8.5
years) (P = .01, log-rank test) (Figure 2B).

Among 57 patients with primary OA-DLBCL, a marginal as-
sociation between DSS and increasing T category was de-
tected when patients were divided into overall T1, T2, T3, and
T4 categories using the TNM-based system (P = .04, log-rank
test). In this patient group, the median DSS was 9.8 years (95%
CI, 6.9-12.4 years) for patients with T2 tumors and 4.4 years
(95% CI, 2.4-5.2 years) for patients with T4 tumors (eFigure,
A, in the Supplement). Further analysis of the association of
T subcategories (eg, T1a, T1b, and T1c) with DSS showed no
differences (P = .17, log-rank test). Furthermore, the Ann
Arbor staging system did not predict DSS in patients with
primary OA-DLBCL (P = .69, log-rank test) (eFigure 1, B, in
the Supplement).

Discussion
To our knowledge, this international collaborative study rep-
resents the largest reported cohort of patients with OA-
DLBCL with documented clinical characteristics. It is the first
to date to analyze the usefulness of the American Joint Com-
mittee on Cancer criteria of the TNM staging system in OA-
DLBCL only.

Most patients were approximately 70 years old, with a slight
predominance of women, consistent with DLBCL at other nodal
and extranodal sites.3,22-25 Patients with low-grade OAL are gen-
erally 5 to 6 years younger, ranging from 63 to 65 years
old.5,21,22,26-30 Patients in Hyderabad had a younger median age
and an overrepresentation of women. These variations may be
related to differing demographic patterns among geographi-
cal regions31 but are consistent with observations in a re-
cently published international, multicenter study32 of ocular
adnexal follicular lymphoma. The OA-DLBCL herein gener-
ally involved the orbit and conjunctiva unilaterally, consis-
tent with previous series of OA-DLBCL.5,6,29,33

The OS for the entire study group was between 2.5 and 4.5
years, which is the 95% CI around the median of 3.5 years in
this population sample. Nevertheless, smaller series of OA-
DLBCL with less demographic population heterogeneity have

Table 3. Staging of 57 Primary Ocular Adnexal Diffuse Large B-cell
Lymphomas According to the TNM-Based Staging Systema

Ocular Adnexal Location and TNM Staging Patients, No. (%)
Conjunctiva (n = 4)

bT1bN0M0 2 (3.5)

bT1cN0M0 2 (3.5)

Orbit with or without lacrimal gland (n = 43)

T2aN0M0 5 (8.8)

T2aN1M0 2 (3.5)

T2bN0M0 9 (15.8)

bT2bN0M0 1 (1.8)

T2cN0M0 23 (40.4)

T2cN1M0 1 (1.8)

bT2cN0M0 1 (1.8)

T2dN0M0 1 (1.8)

Preseptal eyelid (n = 3)

T3N0M0 2 (3.5)

T3N1M0 1 (1.8)

Extraorbital (n = 7)

T4bN0M0 1 (1.8)

T4cN0M0 3 (5.3)

T4cN1M0 1 (1.8)

bTcN0M0 1 (1.8)

T4dN0M0 1 (1.8)

a The TNM-based staging system according to the seventh edition by the
American Joint Committee on Cancer.

Figure 2. Disease-Specific Survival Among 100 Patients With Ocular Adnexal Diffuse Large B-cell Lymphoma

1.0

0.8

0.6

0.4

0.2

5.0 10.0 15.0 20.0

0.0

0.0

Di
se

as
e-

Sp
ec

ifi
c 

Su
rv

iv
al

Time After Diagnosis, y

1.0

0.8

0.6

0.4

0.2

5.0 10.0 15.0 20.0

0.0

0.0

Di
se

as
e-

Sp
ec

ifi
c 

Su
rv

iv
al

Time After Diagnosis, y

A BSex
Male
Female

Ann Arbor stage
IE
IIE
IIIE
IVE

A, Disease-specific survival was
higher in women (median, 9.8 years)
than in men (median, 3.3 years)
(P = .03, log-rank test). B, Increasing
Ann Arbor stage was associated with
decreased disease-specific survival
(P = .01, log-rank test). The crossed
symbols indicate censored patients.
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reported OS rates ranging from 50% to 56%.26,34,35 In extra-
nodal DLBCL elsewhere, survival outcomes depend on differ-
ent variables, including anatomical site of the lymphoma, treat-
ment, age, age-adjusted IPI, bulk of disease, toxicity, and
comorbidity.3,10-12,36 In particular, the addition of rituximab to
CHOP treatment has improved survival for patients with
DLBCL.37 In a study9 by the Groupe d’Etude des Lymphomes
de l’Adulte among patients older than 65 years with nodal
DLBCL, the 5-year OS was 58% in patients treated with ritux-
imab-CHOP compared with 45% in patients treated with CHOP
alone. Similar outcome results were obtained recently in a large
database study12 among patients older than 65 years with ex-
tranodal DLBCL. The effect of EBRT on outcomes in extra-
nodal craniofacial (including orbital) lymphomas is unclear.38,39

In the present study, the most common treatment modalities
were EBRT and rituximab-CHOP and rituximab–CHOP-like che-
motherapy, but treatment alone could not address the poor out-
come. Our population was likely too heterogeneous and the
patient groups too small to reach further conclusions on treat-
ment and outcomes in OA-DLBCL. In particular, the lack of ri-
tuximab-CHOP or rituximab–CHOP-like chemotherapy and the
differences in epidemiologic parameters and geographical
treatment variations across time may in part explain our low
survival rates. Furthermore, we could not fully assess reli-
able trends of other known prognostic risk indicators such as
IPI, comorbidity, or treatment-related toxicity.11,12 Additional
inherent caveats of this study include selection bias of the ret-
rospective design and variable allocation of patients into treat-
ment regimens among the participating centers owing to demo-
graphic and socioeconomic differences.

Consistent with nodal DLBCL,24,40,41 we found that men
had poorer DSS than women. This sex-related adverse prog-
nosis might be more pronounced in patients treated with ri-
tuximab-containing chemotherapy, suggesting that women re-
spond better to immunotherapy.40,41

Most patients with primary OA-DLBCL had involvement
of the posterior orbit (T2) according to the TNM staging sys-
tem, consistent with previous evidence.27 While no associa-
tions were observed between the specific site of the DLBCL
within the ocular adnexa (as outlined by the TNM staging sys-
tem) and local or systemic relapse or OS, we found that in-
creasing T category is predictive of DSS in primary OA-
DLBCL. Disease-specific survival was likely 6.9 to 12.4 years
in patients with T2 disease, as opposed to 2.4 to 5.2 years in
patients with T4 disease, which are the 95% CIs around the me-
dian survival of 9.8 and 4.4 years, respectively, in these sub-

populations. These findings are consistent with evidence by
Sniegowski et al,21 who showed that the T category was highly
predictive of DSS in patients with various subtypes of OAL. Yet,
some overlap of patients with OA-DLBCL existed between their
work and the present study. Herein, the TNM staging system
was not predictive of DSS, which probably was owing to the
paucity of patients within each T category when further sub-
division into T subcategories (eg, T1a, T1b, and T1c) was ap-
plied. Similar problems have been described in previous
studies14,27,28,32 examining a wider range of subtypes of OAL.

When considering primary OA-DLBCL only and the pre-
dictive capacity of the Ann Arbor staging system, dissocia-
tion of prognostic curves could not be demonstrated. In agree-
ment with previous studies,5,6,29,33 when considering all patient
groups herein, patients having Ann Arbor stage IVE OA-
DLBCL appeared to have poorer DSS than patients having Ann
Arbor stages IE through IIIE.

The present study represents the most patients to date with
OA-DLBCL in whom molecular subtyping using IHC surro-
gate markers according to the algorithm by Hans et al18 has been
performed. Most peripheral DLBCLs are of GCB subtype, which
have a prognosis almost twice as good as that of activated B-
cell subtype.17,42 In this study, no difference in outcomes was
identified between the 2 subtypes, in line with previous in-
vestigations of OA-DLBCL.43 Indeed, it has proven difficult to
identify an IHC classifier for OA-DLBCL with consistent pre-
dictive values.18,44 It would be useful to extract RNA to deter-
mine whether the algorithm by Hans et al18 truly represents
genuine molecular subtypes.42 Additional biomarkers identi-
fied through newer technologies such as next-generation
sequencing45 may also be worthy of examination.

Conclusions
Most patients with primary OA-DLBCL were seen with Ann Ar-
bor stage IE and TNM T2 disease. The median OS was 3.5 years.
The findings of our study suggest that the TNM staging sys-
tem for OAL may provide additional information to the Ann
Arbor staging system when determining DSS in primary OA-
DLBCL. Taking all lymphoma groups herein (primary, dissemi-
nated, and relapsed) into account, sex and Ann Arbor stage ap-
pear to be reliable DSS predictors. A larger cohort is required
to assess whether T subcategories of primary OA-DLBCL, treat-
ment, and histopathologic or clinical prognostic factors are pos-
sible predictors of outcomes.

ARTICLE INFORMATION

Submitted for Publication: July 31, 2014; final
revision received September 21, 2014; accepted
September 23, 2014.

Published Online: November 13, 2014.
doi:10.1001/jamaophthalmol.2014.4644.

Author Affiliations: Eye Pathology Institute,
Department of Neuroscience and Pharmacology,
University of Copenhagen, Copenhagen, Denmark
(Munch-Petersen, Rasmussen, Prause, Heegaard);
Department of Pathology, Copenhagen University
Hospital, Copenhagen, Denmark (Munch-Petersen,

Ralfkiaer, Sjö); Department of Cellular and
Molecular Pathology, University of Liverpool,
Liverpool, England (Coupland); Orbital Oncology
and Ophthalmic Plastic Surgery, Department of
Plastic Surgery, The University of Texas MD
Anderson Cancer Center, Houston (Esmaeli,
Sniegowski); The New York Eye Cancer Center, New
York (Finger, Graue); Section of Ocular Oncology,
Emory Eye Center, Atlanta, Georgia (Grossniklaus);
Department of Ophthalmic and Facial Plastic
Surgery, Orbit and Ocular Oncology, Centre for
Sight, and Department of Ocular Oncology and
Oculoplastics, LV Prasad Eye Institute, Hyderabad,

India (Honavar); Orbital, Plastic and Lacrimal Clinic,
The Royal Victorian Eye and Ear Hospital,
Melbourne, Australia (Khong, McKelvie); National
Reporting Centre for Ophthalmic Pathology, Centre
for Sight, and Ocular Pathology, LV Prasad Eye
Institute, Hyderabad, India (Mulay); Department of
Ocular Oncology and Oculoplastics, LV Prasad Eye
Institute, Hyderabad, India (Vemuganti); Kallam
Anji Reddy Campus, School of Medical Sciences,
University of Hyderabad, Hyderabad, India
(Vemuganti); Department of Ophthalmology,
Glostrup University Hospital, Glostrup, Denmark
(Heegaard).

Ocular Adnexal Diffuse Large B-cell Lymphoma Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology February 2015 Volume 133, Number 2 171

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/23/2022



Copyright 2015 American Medical Association. All rights reserved.

Author Contributions: Drs Munch-Petersen and
Rasmussen contributed equally to this work. Drs
Munch-Petersen and Rasmussen had full access to
all the data in the study and take responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Munch-Petersen,
Rasmussen, Heegaard.
Acquisition, analysis, or interpretation of data:
Munch-Petersen, Rasmussen, Coupland, Esmaeli,
Finger, Graue, Grossniklaus, Honavar, Khong,
McKelvie, Mulay, Prause, Ralfkiaer, Sjö, Sniegowski,
Vemuganti.
Drafting of the manuscript: Munch-Petersen,
Rasmussen, Coupland.
Critical revision of the manuscript for important
intellectual content: Coupland, Esmaeli, Finger,
Khong, Prause, Ralfkiaer, Sjö, Heegaard.
Statistical analysis: Munch-Petersen, Rasmussen.
Obtained funding: Munch-Petersen, Rasmussen,
Esmaeli, Finger, Graue, Sniegowski.
Administrative, technical, or material support:
Grossniklaus, Mulay, Sjö.
Study supervision: Coupland, Esmaeli, Finger,
Prause, Ralfkiaer, Sjö, Heegaard.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest, and
none were reported.

Funding/Support: This study was supported by
grants from the Danish Cancer Research
Foundation to Copenhagen University Hospital (Dr
Munch-Petersen), Fight for Sight Denmark, Danish
Cancer Society, Danish Eye Research Foundation,
Synoptik Foundation, Danish Foundation for Cancer
Research, A.P. Møller Foundation for the
Advancement of Medical Science, Engineer Lars
Andersen Foundation, Merchant Kjaer and Wife
Kjaer (born la Cour-Holmens) Foundation (Dr
Rasmussen), Eye Cancer Foundation (Drs Finger
and Graue), and grant P30CA016672 from the
National Cancer Institute (Drs Esmaeli and
Sniegowski).

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

REFERENCES

1. Martelli M, Ferreri AJ, Agostinelli C, Di Rocco A,
Pfreundschuh M, Pileri SA. Diffuse large B-cell
lymphoma. Crit Rev Oncol Hematol. 2013;87(2):146-
171.

2. Swerdlow SH. WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues. 4th ed.
Lyon, France: IARC Press; 2008.

3. Castillo JJ, Winer ES, Olszewski AJ. Sites of
extranodal involvement are prognostic in patients
with diffuse large B-cell lymphoma in the rituximab
era: an analysis of the Surveillance, Epidemiology
and End Results database. Am J Hematol. 2014;89
(3):310-314.

4. Coupland SE, Hellmich M, Auw-Haedrich C, Lee
WR, Stein H. Prognostic value of cell-cycle markers
in ocular adnexal lymphoma: an assessment of 230
cases. Graefes Arch Clin Exp Ophthalmol. 2004;242
(2):130-145.

5. Ferry JA, Fung CY, Zukerberg L, et al. Lymphoma
of the ocular adnexa: a study of 353 cases. Am J
Surg Pathol. 2007;31(2):170-184.

6. Oh DE, Kim YD. Lymphoproliferative diseases of
the ocular adnexa in Korea. Arch Ophthalmol. 2007;
125(12):1668-1673.

7. Rasmussen PK, Ralfkiaer E, Prause JU, et al.
Diffuse large B-cell lymphoma of the ocular adnexal
region: a nation-based study. Acta Ophthalmol.
2013;91(2):163-169.

8. Coiffier B. Diffuse large cell lymphoma. Curr Opin
Oncol. 2001;13(5):325-334.

9. Feugier P, Van Hoof A, Sebban C, et al.
Long-term results of the R-CHOP study in the
treatment of elderly patients with diffuse large
B-cell lymphoma: a study by the Groupe d’Etude
des Lymphomes de l’Adulte. J Clin Oncol. 2005;23
(18):4117-4126.

10. Pfreundschuh M, Kuhnt E, Trümper L, et al;
MabThera International Trial (MInT) Group.
CHOP-like chemotherapy with or without rituximab
in young patients with good-prognosis diffuse
large-B-cell lymphoma: 6-year results of an
open-label randomised study of the MabThera
International Trial (MInT) Group. Lancet Oncol. 2011;
12(11):1013-1022.

11. Wieringa A, Boslooper K, Hoogendoorn M, et al.
Comorbidity is an independent prognostic factor in
patients with advanced-stage diffuse large B-cell
lymphoma treated with R-CHOP:
a population-based cohort study. Br J Haematol.
2014;165(4):489-496.

12. Olszewski AJ, Winer ES, Castillo JJ. Improved
survival with rituximab-based
chemoimmunotherapy in older patients with
extranodal diffuse large B-cell lymphoma. Leuk Res.
2014;38(8):866-873.

13. Musshoff K. Clinical staging classification of
non-Hodgkin’s lymphomas [in German].
Strahlentherapie. 1977;153(4):218-221.

14. Graue GF, Finger PT, Maher E, et al. Ocular
adnexal lymphoma staging and treatment:
American Joint Committee on Cancer versus Ann
Arbor. Eur J Ophthalmol. 2013;23(3):344-355.

15. Coupland SE, White VA, Rootman J, Damato B,
Finger PT. A TNM-based clinical staging system of
ocular adnexal lymphomas. Arch Pathol Lab Med.
2009;133(8):1262-1267.

16. Edge SB, Byrd DR, Compton CC, Fritz AG,
Greene FL, Trotti A. Ocular adnexal lymphoma:
ophthalmic sites, part X. In: The AJCC Cancer
Staging Manual. 7th ed. New York, NY: Springer;
2009:583-589.

17. Rosenwald A, Wright G, Chan WC, et al;
Lymphoma/Leukemia Molecular Profiling Project.
The use of molecular profiling to predict survival
after chemotherapy for diffuse large-B-cell
lymphoma. N Engl J Med. 2002;346(25):1937-1947.

18. Hans CP, Weisenburger DD, Greiner TC, et al.
Confirmation of the molecular classification of
diffuse large B-cell lymphoma by immunohisto-
chemistry using a tissue microarray. Blood. 2004;
103(1):275-282.

19. Carbone PP, Kaplan HS, Musshoff K, Smithers
DW, Tubiana M. Report of the Committee on
Hodgkin’s Disease Staging Classification. Cancer Res.
1971;31(11):1860-1861.

20. Cheson BD, Pfistner B, Juweid ME, et al;
International Harmonization Project on Lymphoma.
Revised response criteria for malignant lymphoma.
J Clin Oncol. 2007;25(5):579-586.

21. Sniegowski MC, Roberts D, Bakhoum M, et al.
Ocular adnexal lymphoma: validation of American
Joint Committee on Cancer seventh edition staging
guidelines. Br J Ophthalmol. 2014;98(9):1255-1260.

22. Triantafillidou K, Dimitrakopoulos J, Iordanidis
F, Gkagkalis A. Extranodal non-Hodgkin lymphomas
of the oral cavity and maxillofacial region: a clinical
study of 58 cases and review of the literature. J Oral
Maxillofac Surg. 2012;70(12):2776-2785.

23. Székely E, Hagberg O, Arnljots K, Jerkeman M.
Improvement in survival of diffuse large B-cell
lymphoma in relation to age, gender, IPI and
extranodal presentation: a population based
Swedish Lymphoma Registry study. Leuk Lymphoma.
2014;55(8):1838-1843.

24. Hasselblom S, Ridell B, Nilsson-Ehle H,
Andersson PO. The impact of gender, age and
patient selection on prognosis and outcome in
diffuse large B-cell lymphoma: a population-based
study. Leuk Lymphoma. 2007;48(4):736-745.

25. Smith A, Howell D, Patmore R, Jack A, Roman
E. Incidence of haematological malignancy by
sub-type: a report from the Haematological
Malignancy Research Network. Br J Cancer. 2011;
105(11):1684-1692.

26. McKelvie PA, McNab A, Francis IC, Fox R, O’Day
J. Ocular adnexal lymphoproliferative disease:
a series of 73 cases. Clin Experiment Ophthalmol.
2001;29(6):387-393.

27. Rath S, Connors JM, Dolman PJ, Rootman J,
Rootman DB, White VA. Comparison of American
Joint Committee on Cancer TNM-based staging
system (7th edition) and Ann Arbor classification
for predicting outcome in ocular adnexal
lymphoma. Orbit. 2014;33(1):23-28.

28. Aronow ME, Portell CA, Rybicki LA,
Sweetenham JW, Singh AD. Ocular adnexal
lymphoma: assessment of a tumor-node-
metastasis staging system. Ophthalmology. 2013;
120(9):1915-1919.

29. Plaisier MB, Sie-Go DM, Berendschot TT,
Petersen EJ, Mourits MP. Ocular adnexal lymphoma
classified using the WHO classification: not only
histology and stage, but also gender is a predictor
of outcome. Orbit. 2007;26(2):83-88.

30. Ahmed S, Shahid RK, Sison CP, Fuchs A,
Mehrotra B. Orbital lymphomas: a clinicopathologic
study of a rare disease. Am J Med Sci. 2006;331(2):
79-83.

31. James KS. India’s demographic change:
opportunities and challenges. Science. 2011;333
(6042):576-580.

32. Rasmussen PK, Coupland SE, Finger PT, et al.
Ocular adnexal follicular lymphoma: a multicenter
international study. JAMA Ophthalmol. 2014;132(7):
851-858.

33. Sjö LD, Ralfkiaer E, Prause JU, et al. Increasing
incidence of ophthalmic lymphoma in Denmark
from 1980 to 2005. Invest Ophthalmol Vis Sci.
2008;49(8):3283-3288.

34. Madge SN, McCormick A, Patel I, et al. Ocular
adnexal diffuse large B-cell lymphoma: local disease
correlates with better outcomes. Eye (Lond). 2010;
24(6):954-961.

Research Original Investigation Ocular Adnexal Diffuse Large B-cell Lymphoma

172 JAMA Ophthalmology February 2015 Volume 133, Number 2 (Reprinted) jamaophthalmology.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/23/2022



Copyright 2015 American Medical Association. All rights reserved.

35. Jenkins C, Rose GE, Bunce C, et al. Histological
features of ocular adnexal lymphoma (REAL
classification) and their association with patient
morbidity and survival. Br J Ophthalmol. 2000;84
(8):907-913.

36. Persky DO, Unger JM, Spier CM, et al;
Southwest Oncology Group. Phase II study of
rituximab plus three cycles of CHOP and
involved-field radiotherapy for patients with
limited-stage aggressive B-cell lymphoma:
Southwest Oncology Group study 0014. J Clin Oncol.
2008;26(14):2258-2263.

37. Coiffier B, Thieblemont C, Van Den Neste E,
et al. Long-term outcome of patients in the
LNH-98.5 trial, the first randomized study
comparing rituximab-CHOP to standard CHOP
chemotherapy in DLBCL patients: a study by the
Groupe d’Etudes des Lymphomes de l’Adulte. Blood.
2010;116(12):2040-2045.

38. Murawski N, Held G, Ziepert M, et al. The role
of radiotherapy and intrathecal CNS prophylaxis in
extralymphatic craniofacial aggressive B-cell
lymphomas. Blood. 2014;124(5):720-728.

39. Finger PT. Radiation therapy for orbital tumors:
concepts, current use, and ophthalmic radiation
side effects. Surv Ophthalmol. 2009;54(5):545-568.

40. Carella AM, de Souza CA, Luminari S, et al.
Prognostic role of gender in diffuse large B-cell
lymphoma treated with rituximab containing
regimens: a Fondazione Italiana Linfomi/Grupo de
Estudos em Moléstias Onco-Hematológicas
retrospective study. Leuk Lymphoma. 2013;54(1):
53-57.

41. Riihijärvi S, Taskinen M, Jerkeman M, Leppä S.
Male gender is an adverse prognostic factor in
B-cell lymphoma patients treated with
immunochemotherapy. Eur J Haematol. 2011;86(2):
124-128.

42. Wright G, Tan B, Rosenwald A, Hurt EH,
Wiestner A, Staudt LM. A gene expression–based
method to diagnose clinically distinct subgroups of
diffuse large B cell lymphoma. Proc Natl Acad Sci
U S A. 2003;100(17):9991-9996.

43. Stacy RC, Jakobiec FA, Herwig MC, Schoenfield
L, Singh A, Grossniklaus HE. Diffuse large B-cell
lymphoma of the orbit: clinicopathologic,
immunohistochemical, and prognostic features of
20 cases. Am J Ophthalmol. 2012;154(1):87-98.e1.
doi:10.1016/j.ajo.2012.01.021.

44. Choi WWL, Weisenburger DD, Greiner TC, et al.
A new immunostain algorithm classifies diffuse
large B-cell lymphoma into molecular subtypes with
high accuracy. Clin Cancer Res. 2009;15(17):5494-
5502.

45. Pasqualucci L, Trifonov V, Fabbri G, et al.
Analysis of the coding genome of diffuse large
B-cell lymphoma. Nat Genet. 2011;43(9):830-837.

Ocular Adnexal Diffuse Large B-cell Lymphoma Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology February 2015 Volume 133, Number 2 173

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/23/2022


