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Aggressive B-cell lymphomas are diverse group of neoplasms that arise at different stages of B-cell

development and by various mechanisms of neoplastic transformation. The aggressive B-cell lymphomas

include many types, subtypes and variants of diffuse large B-cell lymphoma (DLBCL), Burkitt lymphoma

(BL), mantle cell lymphoma and its blastoid variant, and B lymphoblastic lymphoma. Differences in

histology, cytogenetic and molecular abnormalities, as well as the relationship with the tumor microenviron-

ment, help define characteristic signatures for these neoplasms, and in turn dictate potential therapeutic

targets. Rather than survey the entire spectrum of aggressive B-cell lymphomas, this report aims to identify

and characterize important clinically aggressive subtypes of DLBCL, and explore the relationship of DLBCL

to BL and the gray zone between them (B-cell lymphoma unclassifiable with features intermediate between

DLBCL and BL).
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Introduction

Aggressive B-cell lymphomas (BCL) include both
precursor lymphoid neoplasms (B lymphoblastic
leukemia/lymphoma NOS and B lymphoblastic
leukemia lymphoma with recurrent genetic abnorm-
alities) and numerous mature B-cell neoplasms,
including mantle cell lymphoma (MCL), primary
effusion lymphoma (PEL), Burkitt lymphoma, dif-
fuse large B-cell lymphoma (DLBCL) and its many
types, subtypes and variants, and B-cell lymphoma
unclassifiable with features intermediate between
DLBCL and Burkitt lymphoma. DLBCL includes a
large number of disparate entities with marked
differences in morphology, phenotype, molecular
pathogenesis and clinical behavior (Table 1). There
is an ongoing effort to tailor therapy based on
specific subtypes of DLBCL, and prognostic markers
are becoming increasingly important. Rather than a
discussion of all types of aggressive BCL, this report
attempts to identify those entities within the
spectrum DLBCL that have distinctive pathologic
and clinical significance, and the differential with
Burkitt lymphoma, and high-grade unclassifiable
B-cell lymphoma.

Diffuse large B-cell lymphoma

DLBCL is characterized by diffuse nodal architectur-
al effacement or extranodal infiltration by sheets of
large cells of B-cell phenotype. Small T-lympho-
cytes/histiocytes are usually present unlike Burkitt
lymphomas that are more homogeneous and uni-
form. In some subtypes, such as Tcell/histiocyte rich
large B-cell lymphoma, the background small lym-
phocytes and histiocytes may outnumber the large B
cells. Sclerosis is variable but may be prominent, and
mitotic figures are easily identified. Of clinical
importance is classification of diffuse large cell
lymphoma in patients with grade 3 follicular
lymphoma. If there are diffuse areas containing
greater than 15 centroblasts per high power field, a
separate diagnosis of DLBCL should be rendered,
and this should precede the diagnosis of follicular
lymphoma. Staining for follicular dendritic cells
with antibodies to CD21 or CD23 may be helpful in
highlighting areas of follicular proliferation in a
partially diffuse infiltrate (and vice versa).

The concept of separating the lymphomas into
‘clinical grades’ dates back to the mid-1970s and the
working formulation, and was based on actuarial
survival curves from patients in an international
study group. The working formulation divided the
DLBCL into large cell and immunoblastic, with the
immunoblastic in the high-grade category often
requiring central nervous system (CNS) prophylaxis.
Since then DLBCL has become increasingly complex
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(Table 1), and it has been termed the ‘waste basket’ of
lymphoma classification.1 Although the addition of
rituximab has improved the outcome for DLBCL, up
to 40% of cases become refractory to chemotherapy
or relapse with poor outcome. Appropriate therapy
requires stratification of different subtypes of DLBCL
in a schema that is clinically meaningful. In addition
to histology, immunohistochemistry, molecular and
cytogenetic characteristics, prognosis may be
influenced by diverse factors such as the ‘stromal
signature’ of the background2 and host factors such
as serum levels of vitamin D.3 Increasingly newer
tools including gene expression profiling (GEP), gene
sequencing and micro RNA (miRNA) profiling4 have
provided prognostically relevant information. Newer
treatment modalities include the use of proteosome
inhibitors that target the NF-kB pathway required by
activated B-cell (ABC) type DLBCL, small molecule
inhibitors of signal transduction pathways and
agents like lenalidomide, which modulate the
cytokines and tumor microenvironment.5–7 Patho-
logic features will be important in determining
which patients may benefit from these agents.8

Clinical features

DLBCL is the most common histologic subtype of
NHL and comprises 30% of adult NHL in the west
and greater than 40% in Asia. Although the median
age at presentation is in the 7th decade at age 64,
DLBCL occur at any age. Cases of DLBCL account for
about 20% of non-Hodgkin lymphomas in children
under 14, and up to 37% of non-Hodgkin lympho-
mas in adolescents aged 15–19 years.9 It is slightly
more common in males. About 40% of DLBCL are
extranodal stage I or II, or patients may present with
a nodal rapidly enlarging mass or masses. The most
common sites of extranodal involvement are the
stomach, ileocecal region, bone, testis, spleen,
Waldeyer’s ring, salivary gland, thyroid, liver,
kidney and adrenal. The outcome in DLBCL has
been improved with rituximab therapy, first used in
elderly patients with DLBCL. However, a significant
percentage of patients (20–40%) become refractory
to treatment, and the prognosis for relapsed DLBCL
is dismal.10 Unfavorable factors in DLBCL include
older age 460 years, poor performance status
(ECOG42), advanced stage (III–IV), extranodal
involvement 42 sites and high serum LDH.

Pathogenesis

DLBCL can arise de novo or as a progression or
transformation event in a patient with low-grade
lymphoma, including CLL/SLL, follicular lymphoma
and marginal zone lymphoma. DLBCL may be a final
common pathway in many patients who are long-
term survivors of indolent lymphoma.11 Transfor-
mation of CLL/SLL to DLBCL is termed Richter’s
syndrome. Even in the rituximab era, high-grade
transformation remains an important challenge in the
management of patients with low-grade lymphoma.12

Immunodeficiency is a risk factor for DLBCL, and
about 10% of DLBCL are EBVþ. The incidence of
EBVþ DLBCL increases with increasing age and may
relate to senescence of the immune system.13 As the
presence of EBV may adversely affect prognosis,
the question arises if DLBCL’s from older patients
should be screened for EBV, particularly if there are
aggressive clinical features or atypical nodal, mucosal
or cutaneous sites of involvement.13

Differential diagnosis

Although the diagnosis of DLBCL is usually not
difficult, there are situations in which it is proble-
matic. DLBCL may form cohesive sheets or involve
sinusoids, mimicking carcinoma, melanoma etc. In
particular, nasopharyngeal carcinomas, neuroendo-
crine carcinomas, germ cell tumors (seminomas) and
granulocytic sarcomas (chloromas) can be mistaken
for DLBCL and should be considered in the
differential diagnosis. These can usually be identi-
fied using a standard panel of immunohistochem-
ical markers including a keratin antibody such as

Table 1 WHO 2008 DLBCL variants, subgroups and subtypes/
entities63

Diffuse large B-cell lymphoma NOS
Common morphologic variants
Centroblastic
Immunoblastic
Anaplastic and other rare morphologic variants

Molecular subgroups
GCB
Activated B-cell-like (non-GCB)

Immunohistochemical subgroups
CD5þ DLBCL
Primary DLBCL of the CNS
Primary cutaneous DLBCL, leg type
EBVþ DLBCL of the elderly

Diffuse large B-cell lymphoma subtypes
T-cell/histiocyte-rich large B-cell lymphoma
Primary DLBCL of the CNS
Primary cutaneous DLBCL, leg type
EBV-positive DLBCL of the elderly

Other lymphomas of large B cells
Primary mediastinal (thymic) LBCL
Intravascular large B-cell lymphoma
DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
ALK-positive LBCL
Plasmablastic lymphoma
Large B-cell lymphoma arising in HHV8-associated
multicentric Castleman disease
Primary effusion lymphoma

Borderline cases
B-cell lymphoma, unclassifiable, with features intermediate
between DLBCL and Burkitt’s lymphoma
B-cell lymphoma, unclassifiable, with features intermediate
between DLBCL and classical Hodgkin lymphoma

Abbreviations: CNS, central nervous system; DLBCL, diffuse large
B-cell lymphoma; EBV, Epstein-Barr virus; GCB, germinal center B cell.

Aggressive B-cell lymphomas

JW Said S43

Modern Pathology (2013) 26, S42–S56



AE1/3 or CAM5.2, neuroendocrine markers such as
NSE, synaptophysin, chromogranin, germ cell tu-
mor markers such as PLAP and OCT3/4, and
melanoma markers such as S100, HMB45 and
Mart1. In some cases, there may be aberrant
phenotypic characteristics that make DLBCL diffi-
cult to identify (for example, plasmablastic lympho-
ma (PBL) may lack CD20, as may ALKþ DLBCL).
DLBCL may also share histologic or phenotypic
features with other lymphomas, probably due to
common pathogenic pathways such as the ‘gray
zone’ lymphoma discussed below. Some DLBCL
may contain Hodgkin and Reed Sternberg (H–RS)-
like cells. This is particularly common in those that
are associated with immunodeficiency and infection
with EBV, so that differential with classical Hodgkin
lymphoma can be problematic.

Immunohistochemistry

DLBCL characteristically express pan B-cell markers
including CD19, CD20, CD22, CD79a and PAX5.
Surface/cytoplasmic immunoglobulin (IgM4IgG4
IgA) is present in 50–75% of cases. CD30 is variable,
positive in the anaplastic variant of DLBCL. Unlike
Hodgkin lymphoma, DLBCL usually express a
complete B-cell program, including expression of
transcription factors such as OCT-2 and BOB.1. CD3
is negative, although a CD3þ variant of DLBCL has
been described.14 Other markers commonly present
in DLBCL include CD10 (40%), BCL-6 (60%), BCL2
(50%), CD43 (20%), CD5 (o10%), CD30 (10%),
IRF4/MUM1 (40%) and p53 (30%). Usually there
are 30–90% Ki67 positive cells. Monoclonal anti-
bodies allow nuclear localization of MYC protein to
identify MYCþ DLBCL (Figure 1). MYC immuno-

histochemistry is strongly positive in DLBCL with
MYC translocations, but overexpression can also
occur by other mechanisms such as amplification.15

The antibody may serve to screen DLBCL for MYC
overexpression, and such cases can then be probed
with MYC FISH using a break apart probe or other
methods to identify cases with translocations.
Regardless of translocations, expression of MYC
and BCL2 in DLBCL appears to independently pre-
dict inferior overall and progression-free survival in
DLBCL.16,17

Aberrant phenotypes are not uncommon in
DLBCL, and may be responsible for confusion in
the diagnosis. DLBCL may lack one or more B-cell
markers such as CD19, CD20, CD22 and CD79a.
DBCL may co-express IRF4/MUM1 and BCL6 (un-
like normal germinal center cells). DLBCL may be
positive for CD5 (discussed below) or rarely express
cyclin D1. Immunohistochemistry may also help
identify other unique variants such as PBLs, which
have a plasma cell phenotype and are often negative
for PAX5 and positive for CD138 (see below).

Cyclin D1þ DLBCL. Cyclin D1-positive CD5 nega-
tive cases of DLBCL lack the characteristic t(11;14)
translocation of MCL, but may have additional
copies of CCND1/chromosome 11.18 Also unlike
most cases of MCL, cyclin D1þ DLBCL cases are
negative for SOX11.19 One study revealed deletion
in genes involved in the AKT/glycogen synthase
kinase-3 b cascade controlling nuclear levels of
cyclin D1, suggesting that posttranslational events
regulating cyclin D1 may occur in a subset of
DLBCL’s.20 Most cases of cyclin D1þ DLBCL have
centroblastic morphology and a post germinal center
phenotype positive for IRF4/MUM121 (Figure 2).

Figure 1 Diffuse large B-cell lymphoma MYC positive. The cells are large with one or more nucleoli and there is infiltration by small
lymphocytes and histiocytes. Immunostains for MYC is strongly positive in the nuclei of almost all the malignant cells and FISH detected
a MYC translocation with the break apart probe. Left: Hematoxylin and eosin. Right: Immunoperoxidase stain for MYC protein,
hematoxylin counterstain. Original � 400.
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CD5þDLBCL. Expression of CD5 is also associated
with a worse prognosis even in the rituximab era.22

It is thought that this subtype may arise from the
same progenitor cell as the mutated variant of
CD5þ SLL/CLL cell, but these cases arise de novo
without prior history of CLL. Clinical features
include a higher age distribution (mean 66 years),
female predominance, advanced stage at diagnosis,
‘B’ symptoms and a more aggressive clinical course.
A subset of patients with intravascular large B-cell
lymphoma also expresses CD5.

Bone marrow involvement in DLBCL

Marrow involvement occurs in about 16% of
DLBCL. Two main patterns of bone marrow involve-
ment occur. Bone marrow involvement may be con-
cordant in which the cells infiltrating the marrow
are large (large cell lymphoma). This variant is
generally associated with poorer overall and pro-
gression-free survival.23 In other cases, the
lymphoma cells infiltrating the marrow are small
and characteristic of low-grade lymphoma (so-called
discordant histology). This pattern of marrow
infiltration is more common and has been
associated with more frequent relapse but a similar
5-year survival to cases without bone marrow
involvement. In up to 30% of patients with bone
marrow disease circulating cells in the peripheral
blood can be identified with flow cytometry.

The role of the microenvironment in DLBCL

There is increasing evidence that not only the
malignant cells but the microenvironment and
the inflammatory response may also provide clues to
the pathogenesis and behavior of DLBCL. Lenz et al2

identified two patterns of stromal signature in DLBCL.
The stromal microenvironment associated with a
favorable prognosis included genes associated with
the extracellular matrix such as fibronectin and
collagens, as well as anti-angiogenic factors, monocy-
tes and thrombospondin. The adverse stromal signa-
ture was associated with angiogenesis and included
endothelial cell markers such as CD31, and angiogene-
sis factors such as VEGF. This may have therapeutic
implications and clinical trials are in progress using
drugs such as lenalidomide that have a potential effect
on stromal cells, angiogenesis and the microenviron-
ment.24 Genes expressed by the immune micro-
environment such as TNFRSF9 have been shown to
predict overall survival in patients with DLBCL.25

Immunostains for stromal markers such as SPARC
(secreted protein, acidic and rich in cysteine) may
have prognostic significance in a subset of DLBCL.26

DLBCL, NOS

DLBCL, NOS is commonly centroblastic or immuno-
blastic in appearance. In the centroblastic variant

(Figure 2), which is the most common morphologic
variant, the cells resemble large centroblasts. The
cells are intermediate to large with round or oval
nuclei, vesicular chromatin and 2–4 nucleoli often
at the nuclear membrane. There is moderate am-
phophilic to basophilic cytoplasm. There may be a
monomorphic proliferation of centroblasts or there
may be an admixed component of immunoblasts.
Occasionally, the nuclei may be multilobated espe-
cially in extranodal locations such as primary bone
DLBCL. In the immunoblastic variant, 490% of the
cells have an immunoblastic appearance with a
large centrally located nucleolus, and basophilic or
amphophilic cytoplasm (Figure 3), and this histol-
ogy is usually associated with the non-germinal
center type of DLBCL. Immunoblastic morphology
may be an independent adverse prognostic factor in
DLBCL.27 The anaplastic variant is characterized by
large round oval or polygonal cells with bizarre
pleomorphic nuclei. These cells may resemble
Hodgkin or RS cells. In some cases, the cells can
resemble those seen in anaplastic large cell
lymphoma, and show sinusoidal and/or cohesive
growth pattern. However, these should not be
confused with anaplastic large cell lymphoma that
is of T-cell origin or ALK positive large B-cell

Figure 2 Diffuse large B-cell lymphoma with GCB phenotype
positive for cyclin D1. The cells resemble centroblasts with oval
nuclei and one or more nucleoli mostly at the nuclear membrane
(top). The cyclin D1 stain reveals nuclear staining. FISHwas negative
for t(11;14). Top: Hematoxylin and eosin, bottom: immunoperoxidase
stain for cyclin D1 hematoxylin counterstain. Original �240.
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lymphoma. These cases must also be differentiated
from metastatic undifferentiated carcinoma. Other
rare morphologic variants of DLBCL include cases
with microvillous, spindle cell or signet ring cells in
which the cytoplasm contains large amounts of
protein displacing the nucleus (Figure 4).

Molecular and genetic features

DLBCL is characterized by clonal rearrangements of
immunoglobulin heavy and light chain genes. There
are somatic hypermutations in the variable regions
in most cases. Based on GEP, DLBCL can be divided
into two main subtypes: germinal center B-cell

(GCB) with a GCB signature (50% cases) and an
ABC group, which has a gene profile similar to that
induced by in vitro activation of peripheral blood
lymphocytes.28 The non-GCB group has been
associated with an adverse prognosis even in the
rituximab era.29 Not all cases of DLBCL can be
characterized as ABC or GCB, and there is a third
less well-characterized group that does not clearly
fit the two main molecular subtypes. The proportion
of ABC subtype DLBCL increases with age, and
patients 70 or older are more likely to have non-GCB
lymphomas.30,31 Immunohistochemical markers for
the ABC group include IRF4/MUM1 and CD138.
ABC lymphomas exhibit higher expression levels of
NFkB, and constitutive NFkB signaling is required
for survival of the malignant cells.28,32 The most
common genetic findings in DLBCL, NOS are
abnormalities in 3q27 involving BCL6 in 30–40%
of cases (more in the ABC type of DLBCL),
abnormalities of BCL2 t(14;18) in 20–40% and
MYC rearrangement involving 8q24 in 10% of cases.
BCL2 and MYC translocations are usually associated
with germinal center-related DLBCL. BCL2 is the
most highly mutated gene in GCB DLBCL.33 MYC
rearrangements may be associated with an adverse
prognosis either as a ‘simple’ hit involving the MYC
gene alone34 or additional hits involving MYC/
BCL2, MYC/BCL6 or MYC/BCL2/BCL6 (discussed
below).35 Tumors with extra MYC signals plus
IgH@BCL2 or MYC rearrangement plus extra BCL2
signals also appear to have a poor prognosis.36

Immunohistochemical subgroups as surrogates for
GEP

A number of investigators have attempted to recapi-
tulate the molecular subgroups described above using
a limited panel of immunohistochemical reagents to

Figure 3 Diffuse large B-cell lymphoma (DLBCL) with non-
germinal center B-cell (GCB) phenotype and an immunoblastic
appearance. The cells are large and somewhat pleomorphic, many
with large central nucleoli and amphophilic cytoplasm. Hema-
toxylin and eosin, original �400.

Figure 4 Diffuse large B-cell lymphoma (DLBCL) with signet ring cells mimicking carcinoma. This germinal center B-cell (GCB)
phenotype DLBCL has cells with central cytoplasmic clear zones in histologic preparations and touch imprints. The cytoplasm forms a
ring about a central clear vacuole. Hematoxylin and eosin, original � 240 (left) and �400 (right).
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identify GCB and non-GCB lymphomas.29 The Hans
classifier of DLBCL37 has been widely used in
clinical trials. According to this scheme, DLBCL
that are CD10þ in more than 30% of the cells are in
the GCB group. Cases that are CD10 negative and
BCL6þ , IRF4/MUM1 negative are also in the GCB
group. Cases that are BCL6� , CD10� or BCL6þ
and IRF4/MUM1þ are non-GCB. There are a
number of newer algorithms attempting to improve
on the Hans schema. These include the use of
FOXP1 and GCET1 by Choi et al38 and the use of
LMO2 by Natkunam et al.39 One study comparing
different algorithms on a large patient cohort showed
an 87% concordance with GEP for the Choi method
and 86% for Hans.29 In a multi-center study,
performed by the cancer and leukemia group B
using dose-adjusted EPOCH-R for previously
untreated DLBCL, significantly improved time to
progression, event-free survival and overall survival
was noted in the GCB group as defined by the Hans
method.40 The efficacy of DA-EPOCH-R on GCB-
DLBCL may relate to its effect on BCL6.40 A report
from the international DLBCL rituximab-CHOP
consortium program study used an algorithm based
on expression of CD10, FOXP1 and BCL6, which had
a 92.6% concordance with GEP.41 Although most
studies find that immunohistochemical algorithms
correlate with prognosis in DLBCL, there are
contrary reports arguing that these methods are not
reliable as surrogates for molecular testing.10,27,42

DLBCL based on an anatomic site

Some subtypes of DLBCL are peculiarly related to
their sites of presentation. Examples include pri-
mary DLBCL of the CNS, primary cutaneous DLBCL
leg type and primary mediastinal (thymic) large
B-cell lymphoma.

Primary DLBCL of the CNS (PCNSL)

This subtype of DLBCL is rare (4% of primary brain
tumors and less than 1% of non-Hodgkin lympho-
mas), and defined as primary intracerebral or
intraocular lymphoma. Lymphomas of the dura,
intravascular lymphoma, lymphomas secondarily
involving the CNS and immunodeficiency lympho-
mas are excluded from this group. Primary CNS
lymphoma is most common in older males and has a
poor outcome in those over 60.43 They may present
as single space occupying lesions in the brain,
although multiple lesions occur in about 30% of
patients. The particular microenvironment in the
CNS sanctuary site likely contributes to the adverse
prognosis.44 Intraocular DLBL are also in this
category, and patients with intraocular disease
have a high incidence of spread to the CNS.
Studies with GEP suggest that there is a characteri-
stic gene profile associated with primary CNS
lymphomas.45,46 There is no consistent pattern of

ABC vs GCB signature, but the histogenesis may
relate to a germinal center exit B cell.

Pathology of primary DLBCL of the CNS. Tumor
cells mostly resemble large centroblasts or immuno-
blasts, and characteristically involve perivascular
spaces (Figure 5). The malignant cells may occur in
sheets or be intermixed with reactive small lympho-
cytes, macrophages, active microglial cells and
reactive astrocytes. Necrosis is frequently present.
They are positive for pan B-cell markers, and
frequently express BCL6 and IRF4/MUM1. Major
issues that need to be resolved in PCNSL include the
origin of the tumor cells, transforming events and
role of the microenvironment of the CNS.47

Primary cutaneous B-cell lymphoma, leg type

This subtype of DLBCL occurs mostly in elderly
females, presenting with rapidly growing tumors on
one or both lower legs. It is characterized morpho-
logically by sheets of centroblasts and immunoblasts
and frequent mitoses (Figure 6). In addition to pan
B-cell markers, these lymphomas characteristically
express BCL-2 (unlike primary cutaneous follicle
center lymphoma—PCFCL), BCL6 and IRF4/
MUM1þ , but not CD10. This is an aggressive form
of DLBCL with only a 50% 5-year survival. Analo-
gous to other nodal and extranodal LBCL, but unlike
PCFCL, immunohistochemical expression of IgM is
characteristically present and may be related to an
ABC-like phenotype. As DLBCL leg type has genetic
similarities with DLBCL’s at other sites, it is not
entirely clear that the leg type of DLBCL is a distinct
entity. However, characteristic molecular findings
have been identified, and include defects of the
CDKN2A suppressor pathway, phosphorylation of
Rb protein and expression of p53.48

Figure 5 Diffuse large B-cell lymphoma of the central nervous
system. Malignant cells are large and pleomorphic with promi-
nent nucleoli. They are seen ringing a blood vessel and
admixed with small lymphocytes and glial cells. Hematoxylin
and eosin � 400.
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DLBCL associated with immune
dysfunction or infectious agents

Aggressive B-cell lymphomas associated with in-
fectious agents include the spectrum of HIV-and
Kaposi’s sarcoma-associated herpes virus (KSHV)-
related lymphomas. Discussion in this review will
be centered on lymphomas associated with EBV and
senescence of the immune system.

EBV-positive DLBCL of the elderly

This is an aggressive form of DLBCL included as a
provisional subtype in WHO 2008. It is defined as a
clonal EBVþ large cell lymphoma in a patient 450
years old with no known cause for immunodefi-
ciency or prior lymphoma. The median age is 70
years. The incidence appears higher in Asia and
some Latin American countries.49 It can occur in
younger individuals, but one must rigorously
exclude the possibility of an underlying immuno-
deficiency. It is critical to exclude other more
specific types of EBV-related lymphoproliferative
disorders such as lymphomatoid granulomatosis,
infectious mononucleosis and PEL. EBV should be
localized in the malignant cells not bystander
lymphocytes, and the characteristic pattern of viral

latency in the large malignant cells is EBERþ ,
LMP1þ and EBNA2þ /� . DLBCL of the elderly
must be also be distinguished from EBV-positive
mucocutaneous ulcer, which may have a similar
polymorphous or lymphomatous appearance, as
well as clonal gene rearrangements, yet pursues an
indolent and often self limited clinical course
(Figure 7).13

Clinical features. Cases of EBVþ DLBCL of the
elderly may be nodal or extranodal in presentation.
Many have a high IPI and prognosis is inferior to
EBV-negative DLBL even if adjusted for age. Most
are refractory to initial therapy with poor overall and
progression-free survival.50

Pathologic features. Common to many EBV-related
lymphoproliferative disorders, the histology may
vary over a spectrum from polymorphic to mono-
morphic. Geographical necrosis is common
(Figure 8). Particularly, the polymorphic cases can
resemble post-transplantation lymphoproliferative
disorders. H–RS cells may be present, and classical
Hodgkin lymphoma in the elderly must be consid-
ered in the differential diagnosis. Most cases have
a non-GCB phenotype (CD10� , IRF4/MUM1þ ),
and are characterized by prominent classical and
alternative NF-kB pathway activation.50 Most cases

Figure 6 Primary cutaneous diffuse large B-cell lymphoma, ‘leg type’. The section is from a large ulcerating mass on the lower limb.
There is a diffuse infiltrate of large lymphoid cells with oval nuclei. Immunoperoxidase stain for IRF4/MUM1 is positive. Left:
Hematoxylin and eosin, original �400, Right immunoperoxidase stain for IRF4/MUM1, hematoxylin counterstain.
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have monoclonal immunoglobulin gene rearrange-
ments and in addition may have clonal T-cell
populations.50

Immunphenotypic features. Immunophenotypic
studies are helpful in the differential as most cases
are CD20þ , CD79aþ , IRF4/MUM1þ , CD10� and
BCL6� . The H–RS-like cells are characteristically
EBVþ, including expression of EBV LMP1, CD20
and CD30 in 75% of cases, but are CD15 negative.
However, the H–RS cells may have decreased
expression of CD20 and there may be expression of
CD15. EBV should be present in the majority of the
tumor cells.51 EBNA2 is found in about 30% of
cases, and is an indicator of an impaired immune
system.51 This viral latency pattern differs from
that seen in PBL and may be helpful with this

differential diagnosis (see below). Cases of EBVþ
DLBCL of the elderly have clonal immunoglobulin
gene rearrangements, which may be helpful in
differentiating atypical reactive processes and
infectious mononucleosis of the elderly.

Plasmablastic lymphoma

PBL is defined as a diffuse proliferation of large
cells, which resemble B immunoblasts, but in which
all of the neoplastic cells have the phenotype of
plasma cells. Other lymphomas with plasmablastic
features should be considered in the differential
including anaplastic lymphoma kinase-positive
large B-cell lymphoma, and the spectrum of KSHV-
associated lymphomas (PEL), extracavitary PEL and
large B-cell lymphomas arising in KSHVþ multi-

Figure 7 EBVþ Mucocutaneous ulcer. The biopsy is from an elderly patient present with an oral mucosal ulcer. The top panel is a whole
mount showing ulcerated oral mucosa and a deep lymphoid infiltrate. The section lower left shows a pleomorphic infiltrate including
numerous large lymphoid cells that resemble a large cell lymphoma. The immunostain for EBV LMP1 is positive in the cytoplasm of the
large cells (right). This patient was treated conservatively with resolution of the lesion. Hematoxylin and eosin, original � 40 (top) and
� 240 (lower left). Immunostain for EBV LMP1 (right) with hematoxylin counterstain �300.
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centric Castleman disease. KSHV-positive lympho-
mas are not included within the spectrum of PBLs.

PBL of the oral cavity type. PBL of the oral cavity
type is an aggressive large B-cell lymphoma gen-
erally associated with HIV infection, and most
common in men with a median age of 40. There is
a predilection for the oral cavity, nasal and para-
nasal areas, but it may occur at other extranodal sites
including the skin, soft tissue and gastrointestinal
tract.52 Neoplastic cells are usually uniform and
cohesive, and there is a morphologic spectrum with
many cases resembling B immunoblasts or
centroblasts, whereas in other cases there is more
obvious plasmacytic differentiation (Figure 9). The
phenotype reveals evidence of strong terminal
differentiation with weak or absent CD20 and
CD45, variable BCL6, and staining for CD138 and
IRF4/MUM1. PBLs generally do not express PAX5,
which is associated with early and mature stages of
B-cell differentiation, and are positive for XBP1 and
BLIMP 1, which are thought to drive plasmacytic
differentiation.53 Montes-Moreno et al53 describe a
variant phenotype of PBL that has low or absent
expression of CD138. CD79a may be positive, and
many cases express cytoplasmic immunoglobulin,
usually IgG. EBV-EBER is positive in most cases.
EBV LMP1 and EBNA2 are not expressed (EBV viral
latency pattern I). This differs from the viral latency
pattern seen in EBVþ DLBCL of the elderly, which
more closely resembles post transplant lymphomas.
Rearrangement of theMYC gene is seen in up to 60%
of cases, and MYC may be a common genetic
mechanism that imparts plasmablastic morphology
and aggressive clinical course.54,55 MYC
rearrangements are more common in EBVþ PBLs
and may be associated with gains in multiple
chromosomal loci.56 Complex karyotypes are
frequently encountered, and abnormalities include
increased copy number and amplification of
CCND1.54 Although it has been suggested that oral

and extraoral PBL’s have distinct clinicopathologic
features,57 this is not always the case (Table 2).

PBL not associated with HIV. In addition to oral
cavity type PBL associated with HIV, similar
lymphomas are seen in patients with non-HIV-
related immunosuppression, and occasionally in
immunocompetent patients.53,57,58 This form of PBL
may present in lymph nodes, and usually does not
involve the oral mucosa. The lymphoma cells have a
markedly plasmacytic appearance. Clinical
information may be essential in making the
differential between plasmablastic myeloma and
lymphoma, as in the case illustrated in Figure 10,
which was a PBL in the bone marrow. Although
EBV-EBER is more often associated with PBL than
myeloma, plasmablastic myeloma in immunocom-
petent patients is occasionally positive for EBER.59

Burkitt lymphoma

Clinical features

Burkitt lymphoma (BL) is the most common non-
Hodgkin lymphoma (NHL) in children and adoles-
cents accounting for over 40% of NHL’s in those
under the age of 20.9 However, because of the
relatively low incidence of NHL in childhood, about
30% of cases of BL occur in adults over 60. It is
essential to differentiate these cases from DLBCL as
BL may be cured with intensive chemotherapy and
CNS prophylaxis, as well as adequate supportive
care that may include prevention of tumor lysis
syndrome.60 Bone marrow involvement at presen-
tation is common particularly in HIV-associated BL.
Although BL is a single pathologic entity, there are
different clinical variants. Endemic BL usually
occurs in equatorial Africa and is associated with
EBV in greater than 90% of cases. Children with
endemic BL present with tumor masses in the jaws,
gonads and kidneys. Sporadic Burkitt lymphoma is
seen in the west in immunocompetent patients, and
usually involves the abdomen, terminal ileum and
Waldeyer’s ring. Both sporadic and HIV-related BL
are only associated with EBV in about 40% of cases.
Nodal involvement is more common in adults, as is
bulky disease.60 BL associated with HIV occurs in
patients with relatively high CD4 T-cell counts,
greater than 50/ml,61 and there is frequent lymph
node, gastrointestinal tract and bone marrow
localization. Despite this clinical diversity
endemic, sporadic and HIV-related BL have similar
pathologic features and almost identical miRNA
profiles. MYC and NFkB pathway-associated
miRNA’s can also be used to differentiate between
BL and DLBCL.62

Pathologic features

BL is characterized by a monomorphic proliferation
cohesive of medium sized B cells with numerous

Figure 8 EBVþ DLBCL of the elderly. There is marked
geographic necrosis and a pleomorphic infiltrate that includes
large lymphoid cells with irregular nuclei and prominent
nucleoli. Hematoxylin and eosin, original � 200.
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mitoses and frequently a ‘starry sky’ pattern caused
by the presence of phagocytic or tingible body
macrophages. The neoplastic cells resemble the
small non-cleaved cells (centroblasts) seen in the
germinal center, with round nuclei, dispersed
chromatin, basophilic cytoplasm and squared off
cell borders, cytoplasmic vacuoles, medium-sized
paracentral nucleoli. There are few small lympho-
cytes and histiocytes in the background. BL’s are

typically described as uniform in their cellular
makeup, but there may be some variation in size
and shape particularly following therapy. In AIDS-
related Burkitt lymphomas, the neoplastic cells
typically have a more plasmacytoid cytoplasmic
appearance (Figure 11). The 2008 WHO classifica-
tion appropriately recognizes the histologic range
seen in cases of BL and eliminates the category of
atypical BL or Burkitt-like lymphoma.63 Cases that

Figure 9 Plasmablastic lymphoma of the oral cavity type. The cells have a blastic appearance, but plasmacytic differentiation is not
marked. The lymphoma is negative for B-cell markers including CD79a, but positive for plasma cell marker CD138 and positive for MYC
protein. Hematoxylin and eosin (top left), immunoperoxidase stains, hematoxylin counterstain � 240.

Table 2 Plasmablastic lymphoma

PBL of the oral mucosa type PBL with plasmacytic differentiation

Histology May have minimal plasmacytic differentiation Plasmacytic differentiation marked
Clinical associations Usually associated with HIV May be associated with transplants, autoimmune

disease, advanced age, rarely occurs in
immunocompetent individuals

Site Usually extranodal
Often involves the oral cavity, nasal
and paranasal sinuses

May involve lymph nodes
Uncommon in the oral cavity

EBV-EBER EBV positive in almost all cases EBV positive in 60–75% of the cases

Abbreviations: DLBCL, diffuse large B-cell lymphoma; EBV, Epstein-Barr virus; PBL, plasmablastic lymphoma.
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resemble BL in all aspects but exhibit greater
variation in size and shape should still be
classified as BL, and this finding does not justify a
‘gray zone’ diagnosis.

Immunophenotype

The neoplastic cells have a germinal center pheno-
type positive for CD10 and BCL6. The immunoglo-
bulin genes are hypermutated but the cells are
positive for IgM and there is no class switch. BCL2
and TdTare characteristically negative, and the Ki67
proliferation rate approaches 100%. Although the
diagnosis of BL is usually not problematic, ques-
tions arise in cases that are not entirely typical,
either because of morphologic or immunophenoty-
pic overlap with other lymphomas. For example, BL
may be negative for BCL6, and although BL is
characteristically negative for BCL2, a subset may be
weakly positive.

Molecular/cytogenetic characteristics

The translocation in Burkitt lymphoma involves the
MYC gene on chromosome 8, plus the heavy chain
gene on chromosome 14, the kappa chain gene on
chromosome 2, the lambda light chain gene on
chromosome 22, or rarely other translocation part-
ners. In endemic BL, the MYC gene is typically
translocated to the IgH joining region, whereas in
sporadic BL, the MYC gene is juxtaposed to the IgH
MU switch region. The MYC translocation is
characteristic of BL but can be seen in other non-
Hodgkin lymphomas, including DLBCL and so-
called double-hit lymphomas that have both BCL2
and MYC translocations (see below). A MYC break
apart probe is usually used in interphase FISH to

identify MYC translocations as it is not dependent
on the specific translocation partner, but not all
cases of BL are positive and a negative FISH result
does not exclude the diagnosis. BL is characteristi-
cally ‘MYC simple’ in that translocation involving
MYC is the primary event with few other karyotypic
abnormalities. It is important to realize that translo-
cation involvingMYC cannot always be documented
in BL, and no single parameter is the gold standard
for diagnosis.

GEP has revealed distinct molecular signatures for
BL and DLBCL.64,65 BL is distinguished by the high
level of expression of MYC, the expression of a
subgroup of germinal center genes and low level of
NFkB. Studies using GEP as the ‘gold standard’ to
differentiate BL from DLBCL indicate that a
significant percentage of cases may be misclassi-
fied by expert pathologists using standard
criteria.64–66 Using different platforms (Affymetrix
U133 GeneChips in the case of Hummel et al65 and a
custom oligonucleotide microarray with 2524
unique genes in the case of Dave et al64), GEP
identified an intermediate group of cases with
signature intermediate between DLBCL and BL.
These included cases that were diagnosed by
pathologists as atypical Burkitt lymphoma that
lacked a characteristic molecular BL signature, and
likely would fall into the unclassifiable category
using current criteria (see below). Table 3 contrasts
the clinical and pathologic features of DLBCL, BL
and B-cell lymphoma, unclassifiable, with features
intermediate between diffuse large B-cell lymphoma
and Burkitt lymphoma (BLU).

B-cell lymphoma, unclassifiable, with
features intermediate between DLBCL and
Burkitt lymphoma (BLU)

B-cell lymphoma, unclassifiable, with features inter-
mediate between diffuse large B-cell lymphoma and

Figure 10 Plasmablastic lymphoma involving the bone marrow.
The cells are blastic with abundant cytoplasm and paranuclear
clearing or ‘hof’. Differential from blastic myeloma may be
difficult without adequate clinical information. Hematoxylin
and eosin, original �400.

Figure 11 Burkitt lymphoma in a patient with HIV. The cells are
intermediate in size and exhibit some variation in size, with many
having a plasmacytoid appearance. Hematoxylin and eosin,
original �400.
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Burkitt lymphoma (BLU) is a heterogeneous cate-
gory that is not considered a distinct entity by the
WHO, but may be used as a working classification
for cases that may have morphological and genetic
features of both DLBCL and BL but do not fulfill
diagnostic criteria for either entity. Criteria for
applying the BLU category are still evolving, and
are expected to be refined as additional case series
are reported. Some cases more closely resemble BL
but have an atypical phenotype such as expression
of BCL2, or a complex karyotype that includes BCL2,
as well as MYC translocations and other abnormal-
ities. Morphology is variable, but there is a uniform
diffuse proliferation of intermediate to large lym-
phoid cells without significant numbers of infiltrat-
ing lymphocytes. Proliferation rate is high (80% or
more), but often less than the 100%, which
characterizes BL. Other cases resemble DLBCL with
centroblastic morphology and many of these are
‘double’ or ‘triple hit’ lymphomas with transloca-
tions involving the BCL2 gene, the MYC gene and
sometimes the BCL6 gene as well (Figure 12). About
2/3 of cases with BCL6 and MYC translocations also
have BCL2 translocations.67 The term BLU should be
used with discretion and does not apply to DLBCL
cases simply because of a high growth faction, starry
sky macrophages or MYC translocations. Similarly
the term is not valid in cases of BL cases because of
atypical cytology. Blastoid lymphomas with cyclin
D1 and MYC rearrangements are considered blastoid
MCLs. Transformed follicular lymphomas may also
be considered separately even if they show complex
genotypes that include MYC translocations.

Immunophenotype

Phenotypically the cells are positive for pan-B cell
markers although expression of CD20 and immuno-

Table 3 Differential between DLBCL, BL and B-cell lymphoma unclassifiable, with features intermediate between DLBCL and BL (BLU)

DLBCL BL BLU

Age at presentation Usually older but can occur at any
age

Children, young adults Older adults

Pathogenesis May be related to the germinal
center (GCB), activated B cell or
other pathway

GCB derived GCB derived

Growth rate Rapid Extremely rapid, Ki67 approaching
100%

Extremely rapid but usually
less than 100%

Stage Even distribution, 50% stage 1 or 2 Usually high stage Usually advanced III/IV
Bone marrow involvement Uncommon, often terminal Common Common
CNS involvement Unusual Leptomeningeal disease common at

presentation in children and adults60
Common

EBV Uncommon in the absence of
immunodeficiency or age-related
senescence

490% in endemic BL
40% in sporadic and HIV-related BL

Negative

MYC translocation Uncommon, usually a secondary
event associated with a complex
karyotype

Almost always present as initiating
event and single abnormality (MYC
simple)

Often double hits with
translocations involving MYC,
plus BCL2 and/or sometimes
BCL6

Abbreviations: BL, Burkitt lymphoma; CNS, central nervous system; DLBCL, diffuse large B-cell lymphoma; EBV, Epstein-Barr virus; GCB,
germinal center B cell.

Figure 12 B-cell lymphoma, unclassifiable, with features inter-
mediate between diffuse large B-cell lymphoma and Burkitt
lymphoma (BLU). There is a diffuse proliferation of intermediate
to large lymphoid cells with small nucleoli. Few infiltrating small
lymphocytes or histiocytes are apparent. The lower panel shows
immunostain for MYC protein in a paraffin section. FISH studies
revealed translocations in MYC and BCL2 (double hit lymphoma).
Top: Hematoxylin and eosin �400; bottom: Immunoperoxidase
stain for MYC, hematoxylin counterstain �240.
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globulin light chains may be decreased.68 They
usually have a germinal center signature and are
usually CD10þ , BCL6þ , IRF4/MUM1 negative.
Unlike Burkitt lymphoma, most are positive for
BCL2.67,69 High protein expression of MYC may be
seen even in cases that lack the translocation, and
may relate to amplification or extra copies of the
gene.70,71 Most cases with MYC translocations have
high levels of nuclear staining for MYC with
immunohistochemical techniques (greater than 70–
80% of the malignant cells positive), and this may
be used as a screening test to determine which cases
may require further genetic testing.

Clinical features

BLU occurs in older adults most of whom present at
advanced stage (III or IV), with generalized lympha-
denopathy.71 Patients frequently have high levels of
LDH, high IPI, bone marrow involvement and CNS
involvement, although the frequency of CNS disease
either at presentation or relapse varies widely in
different studies (9–50%).67 The disease is aggres-
sive with a poor clinical outcome and is not curable
with conventional chemotherapy.

Cytogenetic and molecular studies

Cytogenetic studies usually reveal a complex karyo-
type unlike Burkitt lymphoma. Many cases are
‘double-hit’ or ‘triple hit’ lymphomas with transloca-
tions involving MYC in addition to BCL2 and some-
times BCL6 as well. Only about 60% of cases with
MYC translocations involve the heavy chain gene
t(8;14), and in 40% of the cases there are other
translocation partners.72 The significance of the
translocation partner is unknown, but one study
suggests a better outcome if there is a non-Ig/MYC
translocation.72 BCL6þ /MYCþ double hit lympho-
mas are less common and most represent BCL2þ /
MYCþ /BCL6þ triple hits.67 From a genetic perspec-
tive, the gray zone between Burkitt lymphoma and
DLBCL may be a temporary repository for different
biologic entities.73 The pathogenetic mechanism and
aggressive behavior may relate to synergism between
the proliferative activity of MYC and the anti-
apoptotic effect of BCL2.

Conclusions

Refinements in diagnostic hematopathology incor-
porating newer immunohistochemical and molecu-
lar techniques, as well as attention to clinical
parameters, have resulted in a long list of aggressive
B-cell lymphomas that need to be recognized to
provide appropriate therapy. In addition to describ-
ing new variants and subtypes of DLBCL, such as the
primary cutaneous leg type of DLBCL, the WHO
classification now recognizes areas of acceptable

uncertainty such as BLU, and age and EBV infection
as a defining factor in DLBCL. GEP, miRNA profiling,
signaling pathway analysis, whole genome sequen-
cing and other techniques have ushered in a new era
in the characterization of aggressive B-cell lympho-
mas,74 and it is anticipated that these advances will
result in the identification of rational targeted
therapeutic targets. In addition, there is growing
appreciation of the role of the tumor microenviron-
ment, and the importance of the immune
background of the patient. There are a significant
percentage of patients with DLBCL who fail
conventional therapy, and the number of ongoing
clinical trials attest to the search for novel-targeted
agents tailored towards specific molecules or
pathways.75 One example is the promising use of
PIM2 inhibitors, which act on cytokine pathways
(IL2, IL6) and the JAK-STAT pathway.6 Finding the
‘Achilles heel’ of DLBCL will require case selection
based on gene expression, cytokine and signal
transduction pathways among others. Clearly, the
classification of aggressive B-cell lymphomas is
changing and the entities that emerge must have
clinical relevance that translates to effective therapy.
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