




Figure 1 Illustration of normal and
neoplastic plasma cells. (A) Normal
plasma cells in lacrimal glands with
their characteristic morphological
appearance with eccentric nuclei with a
‘‘clock face’’ or ‘‘cartwheel’’ pattern
distribution of chromatin, abundant
cytoplasm, and distinct perinuclear
holes. (B) Extranodal marginal zone B
cells with a plasmacellular
differentiation demonstrated violet
coloured or basophilic cytoplasm, the
presence of Dutcher bodies, and/or
Russell bodies (see also fig 4B) as well
as atypical nuclear features.

Figure 2 Expression of the five investigated plasma cell related antigens in reactive lymphoid tissue. Subepithelial reactive plasma cells in tonsils were
positive for (A) Vs38c (cytoplasmic), (B) MUM1/IRF4 (nuclear), (C) CD138 (membranous), (D) CD38 (membranous), and (E) CBP (cytoplasmic), with
polytypical expression for the light immunoglobulin chains kappa (F) and lambda (G). The tonsillar epithelium also demonstrates positivity for CD138
(C); while the germinal centre cells display mild to moderate expression of CD38 (D). Original magnification,61000.
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though not adjusted for multiple testing. All statistical
analyses were performed using the software package SPSS
for Windows, Release 11.0.1.

RESULTS
Clinical features and anatomical distribution
Most patients with ocular adnexal EMZL were female
(F=100; M=36; F:M 2.7:1), with a median age of 64 years
(range 19–91 years) at first diagnosis. The ocular adnexal
EMZL were distributed as follows: orbit (n=47+7—that is,
47 stage IE and seven stage II, III, or IV) with lacrimal gland
involvement in 8+2 cases; conjunctiva (n=41 +7) and lid
(n=21+3). Synchronous bilateral EMZL were seen in 14+2
patients. (In 43 cases, clinical information on this aspect was
missing; however, subsequent treatment would indicate that
these ocular adnexal EMZL must have been unilateral.) Most
ocular adnexal EMZL (117 of 136 cases, 86%) represented
primary OAL (that is, stage I, IE lymphoma). Nineteen (14%)
of the EMZL patients had disseminated disease at the initial
examination (that is, stage II, III, or IV), with the ocular
adnexal tumours in 10 (53%) of these cases representing
secondary manifestations of systemic disease. In some patients
with ocular adnexal EMZL, concurrent disease (representing
stage IIE and above) was observed in other extranodal
locations.

Histology and immunohistology
Normal or reactive hyperplastic tissues
The palatine tonsils and the interstitial tissue of the lacrimal
glands contained an infiltrate of small bland mixed T and B
lymphocytes with reactive lymphoid follicles. In the mantle
zones, weak positivity for MUM1/IRF4 and CBP but not for
Vs38c, CD38, or CD138 was observed (fig 2). Most germinal
centre cells demonstrated weak to moderate positivity for
CD38 (membranous; mainly centroblasts), but were negative
for MUM1/IRF4, Vs38c, CD138, and CBP (fig 2). Several
germinal centre cells in the light zone displayed strong
nuclear and moderate cytoplasmic positivity for MUM1/IRF4
and Vs38c, respectively. Some marginal zone B cells showed

weak nuclear immunoreactivity for MUM1/IRF4 and CBP,
but were negative for Vs38c, CD38, and CD138.
Admixed plasma cells were seen in the subepithelial areas

in the tonsils, in the interstitial tissue of the lacrimal glands,
and occasionally in the reactive germinal centre. These cells
demonstrated mature cytomorphology with basophilic cyto-
plasm, eccentric nuclei, clumped ‘‘clock faces’’ like chromatin
and perinuclear halos. Virtually all plasma cells, which were
negative for BSAP, demonstrated strong co-expression of
CD79a, MUM1/IRF4-protein (nuclear strong, cytoplasmic
weak), Vs38c (cytoplasmic), CD38 (membranous), CD138
(membranous), and CBP (nuclear strong, cytoplasmic weak),
as well as polyclonal staining for IgH and IgL (fig 2). In some
cases, occasional plasma cells failed to express CD138 and
CBP. Varying immunoreactivity for Vs38c, CD138 (fig 2), and
CBP but not for MUM1/IRF4 or CD38 was seen in the
adjacent epithelium of the tonsils and lacrimal acini.

Extranodal marginal zone B cell lymphoma
Briefly, the EMZL consisted of small cells resembling
centrocytes, monocytoid B cells, or small lymphocytes, with

Figure 3 (A) EMZL without significant
plasmacellular differentiation consisting
of a heterogeneous population of
centrocyte-like cells (arrowhead),
monocytoid cells (medium arrow) as
well as occasional blasts (long arrow)
(Giemsa, original magnification6400).
The tumour cells are positive for (B)
CD20 and (C) demonstrate an aberrant
expression of the T cell antigen CD43.
(D) Occasional extrafollicular blasts are
positive for BCL-6. (APAAP, original
magnification 6400).

Table 2 Immunophenotype of normal plasma cells as
well as of non-plasmacytoid and plasmacytoid cells in
EMZL

Normal
plasma cells

CD79a+, CD202, BSAP/PAX52,
polyclonal IgL
MUM1+, CD138+, CD38+, Vs38c+, CBP+*

Non-plasmacytoid
cells in EMZL

CD79a+, CD20+, BSAP/PAX5+, CD43+*,
monoclonal IgH+ (usually IgM+)
MUM12*, CD1382, CD382, Vs38c 2, CBP 2

Cyclin D12, CD52, CD232, CD102, BCL62
Plasmacytoid
cells in EMZL

CD79+, CD202, BSAP/PAX52, CD43+, BCL2+,
monoclonal IgL+ (kappa+.lambda+),
monoclonal IgH+ (usually IgM+)
MUM1+.CD138+.CD38+.Vs38c+.CBP+
cyclin D12, CD52, CD232, CD102, BCL62

+= positive; 2 = negative; *in most cases; IgL, immunoglobulin light
chain; IgH, immunoglobulin heavy chain.
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occasional blasts surrounding reactive B cell follicles (fig 3).
Lymphoepithelial lesions were seen in some conjunctival
specimens and in the orbital cases with lacrimal gland
involvement. In most cases, the tumour cells expressed CD20,
BSAP, CD79a, CD43, and BCL2 with absence of staining for
CD10 and CD23 (fig 3) (table 2). Furthermore, scattered
extrafollicular blasts stained for BCL6 or MUM1/IRF4 protein
(fig 3). The MIB1 growth fraction ranged from 2–50%,
median 10%. In cases where an increased number of blasts
were present in the marginal zone, an increased percentage of

tumour cells (.10%) positive for either BCL6 or MUM1/IRF4,
together with an increased growth fraction, was observed.
Fifty seven of 136 (42%) EMZL demonstrated plasmacel-

lular differentiation, fulfilling the criteria as mentioned above
(tables 2 and 3); 45 (33%) of these ‘‘plasmacytoid’’ tumours
represented stage I, IE EMZL. The tumour cells of the
plasmacellular differentiated EMZL were positive for CD79a
but negative for CD20 and BSAP (table 2). They demon-
strated cIg and a monotypical expression for IgL or IgH, as
well as a variable positivity for MUM1/IRF4, VS38c, CD38,

Figure 4 (A) EMZL with extensive
plasmacellular differentiation
(haematoxylin and eosin stain, original
magnification 6400). The
‘‘plasmacytoid’’ cells are highlighted in
the PAS stain (inset). (B) The
plasmacellular differentiated tumour
cells are negative for CD20 (arrow)
(APAAP, original magnification6400).
(C) A monotypical expression of the
tumour cells for the immunoglobulin
light chain kappa is seen. The
contrasting stain for immunoglobulin
light chain lambda is shown in the inset
(PAP, original magnification6400).
Immunoreactivity of the plasmacellular
differentiated cells in the same EMZL for
(D) MUM1/IRF4 (nuclear), (E) Vs38c
(membranous), (F) CD138
(membranous), and (G) CD38 (APAAP,
original magnification 6400). (H)
Double staining for MUM1/IRF4 (PAP,
brown nuclear) and CD38 (APAAP, red
membranous), demonstrating only a
small population of CD38/MUM1
positive cells (arrows), indicating the
loss of CD38 expression by many of the
MUM1 positive plasmacellular
differentiated B cells. (original
magnification,6400).
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CD138, and CBP (fig 3) (tables 2 and 3). The most
consistently expressed plasma cell related antigen of the
plasmacytoid tumour cells was MUM1/IRF4, its immuno-
reactivity being seen in 56/57 (98%) plasmacellular differ-
entiated EMZL examined (fig 4). The other plasma cell
related markers showed a variable expression with CD138
protein positivity in 52/57 (91%) cases, CD38 in 51/57 (89%),
Vs38c in 41/57 (72%), and CBP in 10/57 (18%) cases. Co-
expression of all plasma cell related antigens by the
‘‘plasmacytoid’’ EMZL tumour cells was observed in only
six of the 136 (4%, table 3).

Treatment
The differing treatments of the 136 ocular adnexal EMZL
were dependent on the stage of disease at time of diagnosis
and included surgical excision, radiotherapy, chemotherapy,
or various combinations of these. The most common form of
therapy for stage I, IE EMZL patients was radiotherapy
(89/117=76%), with a dosage varying between 4 Gy and
50 Gy. The follow up period of the patient collective was
2–239 months, median 49 months (4.1 years). In total,
32/136 (24%) patients had died at last follow up, either as a
result of lymphoma (n=18) or non-lymphoma related
causes (n=14).

Statistical analysis
Either an ipsilateral or contralateral local recurrence occurred
in 27 (23%) of the 117 patients with ocular adnexal EMZL
stage IE. The median time period between initial and
recurrent tumour was 20 months. A systemic manifestation
occurred in 38/117 (32%) patients with stage IE ocular
adnexal EMZL. The time period for the systemic disease
manifestation to be clinically detected after diagnosis of
ocular adnexal EMZL ranged from 2 to 125 months (median,
5 months).
Of the 136 EMZL patients, 18 (13%) had succumbed to

their disease at last follow up. Of these 18 patients, 10 (56%)
were diagnosed with localised disease at first diagnosis—that
is, 8.5% of all patients in the group diagnosed with stage IE
EMZL died as a result of lymphoma related causes.
The evaluation of the three end points and their relation to

the degree of plasmacellular differentiation is summarised in
table 4 and figure 5. When applying the above mentioned
definition of plasmacellular differentiation of tumour cells,
a statistical significance could be demonstrated for the
development of systemic disease on univariate analysis
(p=0.042). On multivariate analysis, however, this signifi-
cance became weaker when adjusted for other important
prognostic parameters previously described,1 2 21 such as age
at diagnosis (in years, p=0.286, odds ratio with 95%
confidence interval: 1.02 (0.98 to 1.07)) and an increased

growth fraction of the tumour cells (determined using MIB1,
.10%, p,0.001, OR with 95% CI: 41.30 (12.50 to 136.40))
(table 4).
A statistical significance could not be demonstrated using

univariate or multivariate analysis between plasmacellular
differentiation of the tumour cells and either local tumour
recurrence or lymphoma related death. For the latter, the
parameters which reached statistical significance on multi-
variate analysis were (a) age at diagnosis (in years, p=0.058,
hazard ratio with 95% confidence interval: 1.07 (1.00 to
1.15)) and (b) an increased growth fraction (p=0.006, HR
with 95% CI: 6.01 (1.65 to 21.80)). As described above,
alternative definitions of plasmacellular differentiation were
investigated—that is, simultaneous negativity for BSAP,
positivity for kappa or lambda and positivity of at least one,
two, three, or four of the markers MUM1, CD138, VS38C,
CD38, and CBP. Even when the tumour cells expressed more
than one plasma cell related antigen, there was no significant
alteration in the results for any of the end points (table 4).

DISCUSSION
Plasma cells are derived from B cells during immune
responses25 26 and can be essentially divided into short
and long lived plasma cells. Short lived plasma cells, with
a life span of a few days, are generated following the

Table 3 Immunophenotype of the tumour cells in the plasmacellular differentiated ocular
adnexal EMZL (BSAP negative, kappa, or lambda positive)

Immunophenotype*

EMZL

Stage I, IE Stage II, III, IV

MUM1+/Vs38c+/CD138+/CD38+/CBP2 20 5
MUM1+/Vs38c2/CD138+/CD38+/CBP2 11 2
MUM1+/Vs38c+/CD138+/CD38+/CBP+ 6
MUM1+/Vs38c+/CD138+/CD382/CBP2 4
MUM1+/Vs38c+/CD1382/CD38+/CBP+ 1 2
MUM1+/Vs38c+/CD1382/CD38+/CBP2 1 1
MUM1+/Vs38c2/CD138+/CD382/CBP2 1 1
MUM12/Vs38c+/CD138+/CD38+/CBP2 1
MUM1+/Vs38c2/CD138+/CD38+/CBP+ 1
Total 45 12

*The remaining plasma cells related antigen combinations were not represented in this sample of 136 lymphomas
and are, therefore, not listed.
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Figure 5 Kaplan-Meier estimate of survival curve for stage I, IE patients
with (solid line) and without (broken line) plasmacellular differentiation
defined as simultaneous negativity for BSAP, positivity for kappa or
lambda and positivity of at least one of the markers MUM1, CD138,
VS38C, CD38, and CBP (p value from log rank test: 0.404; hazard ratio
with 95% confidence interval: 1.69 (0.49 to 5.84); tick marks
correspond to censored observations).
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transformation of IgM+/IgD+ ‘‘naive mature’’ B cells into
extrafollicular B blasts after antigen contact. In contrast, long
lived plasma cells, with a life span of possibly years, are
derived either from germinal centre cells or from memory B
cells, which have undergone the germinal centre reaction.
Normally, long lived plasma cells are to be found only in
peripheral lymphoid organs, the bone marrow, and at sites of
immune responses, and are not detected in the peripheral
blood. In their mature form, these cells have a typical
morphological appearance, and are immunophenotypically
characterised by positivity for CD79a, CD138, CD38, and
Vs38c by negativity for CD20 and BSAP.27 28

Whereas CD79a is expressed during most stages of B cell
differentiation, both CD38 and CD138 are present on pre-B
cells, lost during differentiation, and are re-expressed at the
plasma cell stage in normal cells.29 30 Vs38c is also expressed
at this terminal stage of B cell differentiation, when CD20
and BSAP antigens are lost. Recently, plasma cells have also
been described as expressing MUM1/IRF4,31 known to be
active in the control of plasma cell differentiation. The co-
activator of the cyclic AMP responsive element binding
protein (CREB)—namely the CREB binding protein (desig-
nated CBP), was included in the present study as we have
observed a strong cytoplasmic expression of this transcrip-
tional co-activator in plasma cells in our investigations of
normal and neoplastic lymphatic tissues (unpublished
results). At what point CBP is expressed during normal B
cell differentiation is yet to be established.
In the current investigation, 136 ocular adnexal EMZL

were analysed for their degree of plasmacellular differentia-
tion on the basis of morphology, evidence of cIg, BSAP
negativity, and the expression of five plasma cell related
antigens. The results were subsequently correlated with three
clinically relevant end points. Despite plasmacellular differ-
entiation being described in up to 30% of EMZL,22 its clinical
significance has not been subject to thorough investigation in
any anatomical location to date. Furthermore, although some
of the plasma cell related antigens investigated in the current
study have been the subject of examination using both FACS
and immunohistochemical analysis in haematopoietic malig-
nancies,15 24 31–36 there are only limited (or no) analyses of the
prognostic value of these markers.
Similar to previous studies,24 31 virtually all plasma cells in

normal or hyperplastic lymphoid tissues demonstrated co-
expression of Vs38c, CD138, and MUM1/IRF4. Many but not
all mature peripheral plasma cells also displayed strong
membranous and cytoplasmic reactivity for CD38 and CBP,
respectively; 57/136 (42%) EMZL examined demonstrated
features of plasmacellular differentiation. In contrast with
their non-plasmacellular differentiated counterparts, the
‘‘plasmacytoid’’ EMZL tumour cells were negative for the B
cell marker BSAP, and demonstrated Ig light chain restriction
as well as expression of at least one of MUM1/IRF4, VS38c,

CD38, CD138, or CBP. In contrast with normal plasma cells,
the neoplastic tumour cells of only six plasmaceullular
differentiated ocular adnexal EMZL demonstrated immuno-
reactivity for all five plasma cell related antigens (table 3).
MUM1/IRF4 protein was the most stable plasma cell

related antigen in the ‘‘plasmacytoid’’ EMZL of the ocular
adnexa, being observed in 56/57 (98%) tumours (table 3).
That MUM1/IRF4 expression is not exclusively observed in
cells with plasmacellular differentiation has been previously
reported by other authors.24 31 37 However, only those cells
with the corresponding cytomorphology, cIg/IgL, and BSAP
negativity were considered in the interpretation of these
stains. The remaining plasma cell related markers showed
considerable variability with CD138 protein expression in
52/57 (91%) cases, CD38 in 51/57 (89%), Vs38c in 41/57
(72%), and CBP in 10/57 (18%) cases (table 3). Therefore,
most plasmacellular differentiated tumour cells of ocular
adenxal EMZL demonstrate an aberrant plasma cell related
antigen profile when compared to normal plasma cells. This
aberrant immune profile of ‘‘plasmacytoid’’ EMZL, which we
described recently in uveal EMZL,38 may aid the establish-
ment of malignancy in ocular adnexal lymphoproliferative
lesions, particularly in those EMZL where the interpretation
of light chain expression can be difficult.
Various parameters have been described to be of prognostic

value in patients with OAL, including anatomic location;39–42

stage at diagnosis;1 2 7 41 lymphoma subtyping according to
the REAL classification1 2 4 6 7 43 and new WHO lymphoma
classification;21 tumour cell growth fraction and increased
blast percentages positive for BCL-61 2 21; as well as serum
lactate dehydrogenase.6 The results of the current data
suggest, however, that the clinical significance of the presence
and degree of plasmacellullar differentiation in EMZL of the
ocular adnexa is not large. When defining plasmacellular
differentiation of the tumour cells of the EMZL as described
above, the relation between this tumour parameter and the
development of systemic disease was statistically significant
only on univariate analysis (p=0.042). This significance was
lost, however, on multivariate analysis when other factors of
previously described importance,1 2 21—namely age .60 years
at diagnosis and an increased MIB1 growth fraction of the
tumour cells—were also considered.
Following a hypothesis that ‘‘plasmacytoid’’ EMZL of the

ocular adnexa which demonstrated immunoreactivity for an
increased number of the five investigated plasma cell related
antigens (for example, >3) possibly being better differen-
tiated than those which displayed positivity for only a few of
the antigens (for example, ,3), we repeated the statistical
evaluations for all chosen end points. However, there was no
major alteration in the results for any of the end points
investigated on multivariate analysis.
In summary, most plasmacellular differentiated tumour

cells in ocular adnexal EMZL demonstrate an aberrant

Table 4 Stage I, IE lymphoma (n = 117) and association of alternative definitions of plasmacellular differentiation and
development of local tumour recurrence, systemic disease, and death related to lymphoma

Number of markers
positive for definition
of plasmacellular
differentiation

Development of local tumor recurrence Development of systemic disease Death related to lymphoma

Univariate Multivariate Univariate Multivariate Univariate Multivariate

RR (95% CI) OR* (95% CI) RR (95% CI) OR* (95% CI) HR (95% CI) HR* (95% CI)

>1 or 2� 1.10 (0.56 to 2.15) 0.93 (0.36 to 2.40) 1.77** (1.06 to 2.98) 1.38 (0.44 to 4.38) 1.69 (0.49 to 5.84) 1.10 (0.29 to 4.12)
>3 0.98 (0.49 to 1.94) 0.77 (0.29 to 2.02) 1.65 (0.99 to 2.78) 1.01 (0.31 to 3.30) 1.20 (0.34 to 4.28) 0.70 (0.18 to 2.79)
>4 1.17 (0.55 to 2.46) 1.08 (0.38 to 3.05) 1.73** (1.04 to 2.90) 1.37 (0.38 to 4.94) 1.16 (0.24 to 5.54) 0.98 (0.19 to 5.07)

RR, relative risk (from cross tabulation); OR, odds ratio (from logistic regression); HR, hazard ratio (from Cox regression);
*Adjusted for age at diagnosis and MIB1 ((, . 10%).
**Statistically significant (p value , 5%).
�These definitions did not yield different results on this dataset.
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immune profile for plasma cell related antigens when
compared to normal plasma cells. On multivariate analysis,
plasmacellular differentiation in ocular adnexal EMZL had
no (or very little) value in the prediction of local recurrence,
the development of systemic disease, or for lymphoma related
death. Strong predictors of (a) systemic tumour dissemina-
tion and (b) lymphoma related death included advanced age
at diagnosis and an increased MIB-1 growth fraction. None
of the investigated parameters in the current study seem to
be predictive of local tumour recurrence.
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