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Aggressive B-cell lymphomas—from morphology to molecular
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Abstract: The 2016 revised World Health Organization (WHO) classification of lymphoid malignancies
recognizes several distinct entities within the group of diffuse large B-cell lymphoma (DLBCL) characterized
by unique clinical and pathological features. Nevertheless, diffuse large B-cell lymphoma, not otherwise
specified (DLBCL, NOS) is the most common aggressive B-cell lymphoma. In the last 20 years our
understanding of the genetic changes and biology of DLBCL has increased tremendously. According to the
2016 WHO classification, the diagnosis of DLBCL, NOS, should include cell of origin (COQO); germinal
centre B-cell (GCB) or activated B-cell (ABC)/non-GCB subtypes, because of their different molecular
features, biologic behavior, prognosis and treatment. High-grade B-cell lymphoma (HGBL) with MYC
and BCL2 and/or BCL6 rearrangements (i.e., double-hit or triple-hit lymphoma, DHL or THL) as well
as HGBL, NOS, are two new categories in the 2016 revised WHO classification that substituted the
provisional category of B-cell lymphoma, unclassifiable (BCLU) with features intermediate between DLBCL
and Burkitt lymphoma (BL), which was introduced in the 2008 WHO classification. The pathogenesis and
molecular changes of BL are better understood and led to the recognition of a new provisional entity called
Burkitt-like lymphoma with 11q aberration. In this article, we will review the progress made in the last years
within the most commonly encountered aggressive B-cell lymphomas, highlighting the better understanding
of the underlying disease mechanisms that eventually might be translated into more rational and effective
therapeutic strategies. Controversial issues about fluorescent iz situ hybridization (FISH) for the detection of
MYC, BCL2 and BCL6 translocations will be addressed, as well as new molecular techniques used to improve

diagnosis and prognostication in aggressive B-cell lymphomas.
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Introduction representing around 30% to 40% of all newly diagnosed

lymphomas. DLBCL is clinically, morphologically and
Diffuse large B-cell lymphoma (DLBCL) is the most biologically a heterogeneous disease reflected in its
common subtype of non-Hodgkin lymphoma (NHL), highly variable clinical course. The 2016 World Health
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Organization (WHO) classification of lymphomas (Table )
recognizes within the group of large B-cell lymphomas
several distinct entities characterized by unique clinical
and pathological features including primary DLBCL of
the central nervous system (CNS), primary cutaneous
DLBCL, leg type, primary mediastinal (thymic) large B-cell
lymphoma (PMBL), T-cell histiocyte-rich large B-cell
lymphoma (TCHRLBCL) and EBV positive DLBCL,
NOS (1-8). Nevertheless, most cases of DLBCL fall into
the “NOS” category (9). Gene expression profiling (GEP)
studies have revealed that DLBCL comprises several
molecular groups that reflect either the stage in B cell
development from which the disease originates or the
activity of different biological programs (10,11). Based on
these GEP studies, DLBCLs have been divided into two
main groups based on the putative cell of origin (COO).
Germinal center B cell-like (GCB)-DLBCL exhibits a
transcriptional profile that resembles that of a GCB cell
with expression of CD10 and the transcriptional repressor
BCL6 and harbouring highly mutated immunoglobulin
genes with ongoing somatic hypermutations (SHM).
Activated B cell-like (ABC)-DLBCL shows several
features of B cell receptor (BCR) activated B-cells with up-
regulation of genes required for plasma cell differentiation
(IRF4/MUM1). These tumors downregulate the GC-
specific program, activating at the same time, the NF-kB
and BCR signalling pathways. These activated signalling
pathways are crucial to promote cell survival, proliferation,
and inhibition of apoptosis (12,13). Consistent with their
late GC origin, these tumors do not show evidence of
ongoing SHM. A less well-characterized group comprising
about 15% of the cases remain unclassifiable. More recently
the mutational analysis of DLBCL provided new insights
into DLBCL pathogenesis and suggested that these genetic
signatures also predict clinical outcome and can be used to
develop new treatment strategies (14,15).

The distinction between Burkitt lymphoma (BL) and
other morphologically aggressive B-cell lymphomas has
been problematic for pathologists. GEP studies have
shown that BL has a characteristic signature but that there
are cases within the spectrum of DLBCL and aggressive
B-cell lymphomas, which have a similar BL signature
or fall into an intermediate category (16). The 2008
WHO classification recognized this problem and added
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Table 1 Large B-cell lymphomas and other aggressive B-cell

lymphomas in the 2016 revised WHO classification

DLBCL, NOS
Morphological variants
Centroblastic
Immunoblastic
Anaplastic
Other rare morphological variants
Specific immunophenotype
Double-expresser DLBCL, NOS
CD30-positive DLBCL, NOS
CD5-positive DLBCL, NOS
Cyclin D1-positive DLBCL, NOS
Molecular subtypes
Germinal centre B-cell (GCB) subtype
Activated B-cell (ABC) subtype
Unclassified by gene expression profiling
Primary DLBCL of the CNS
Primary cutaneous DLBCL, leg type
Primary mediastinal (thymic) large B-cell ymphoma (PMBL)
Primary effusion lymphoma (PEL)
Intravascular large B-cell lymphoma
T-cell/histiocyte-rich large B-cell ymphoma (THRLBCL)
Plasmablastic lymphoma (PBL)
EBV-positive DLBCL, NOS
HHV8-positive DLBCL, NOS*
DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
ALK-positive large B-cell lymphoma
Large B-cell ymphoma with /RF4 rearrangement
Burkitt lymphoma
Burkitt-like lymphoma with 11q aberration*

HGBL with MYC and BCL2 and/or BCL6 rearrangement (i.e.,
double-hit or triple-hit lymphoma)

HGBL, NOS

B-cell lymphoma, unclassifiable, with features intermediate
between DLBCL and CHL

*, provisional entity. ALK, anaplastic lymphoma kinase; CHL,
classical Hodgkin lymphoma; CNS, central nervous system;
DLBCL, diffuse large B-cell lymphoma; EBV, Epstein-Barr virus;
HGBL, High-grade B-cell lymphoma; HHV8, human herpesvirus
8; NOS, not otherwise specified.

a provisional category of B cell lymphoma, unclassifiable,
with features intermediate between DLBCL and BL
(BCLU) (17). The BCLU category was enriched with cases
carrying MYC and BCL2 and/or BCL6 translocations so-
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Figure 1 Cytomorphology of diffuse large B-cell lymphoma (DLBCL). (A) Centroblastic morphology displays medium-sized to large,
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usually oval to round nuclei, vesicular chromatin, 2-4 nuclear membrane-bound nucleoli, and scant amphophilic or basophilic cytoplasm

(H&E stain, x400). (B) Giemsa stain highlighting the morphological features of centroblasts (Giemsa stain, x400). (C) Anaplastic variant

is characterized by large cells with bizarre pleomorphic nuclei that may mimic Hodgkin/Reed-Sternberg cells or the neoplastic cells of

anaplastic large cell lymphoma (H&E stain, x400). (D) Immunoblasts typically have large and round nuclei with a central large nucleolus

and basophilic cytoplasm (H&E stain, x630).

called double-hit (DHL) and triple-hit (THL) lymphomas
(18,19). The 2016 WHO classification substituted the
BCLU category with two provisional categories of high-
grade B cell lymphomas (HGBL); one with MYC and BCL2
and/or BCL6 rearrangements (DHL and THL), and one
HGBL, NOS, characterized by high grade morphology but
without translocations (20). These two categories should
be recognized because of their worse outcome, potentially
different treatment strategy, and different genetic profile
compared with BL and DLBCL, NOS (21).

There are still some unsolved or controversial questions
about HGBL, such as how to select cases to do FISH
analysis for MYC, BCL2 and/or BCL6, the prognostic
significance of BCL2-MYC vs. BCL6-MYC DHL and THL,
IG and non-IG partner of MYC translocation, and the
importance of single-hit lymphoma with MYC translocation
only with or without amplification or copy number gains
of BCL2 and/or BCL6. In this review, we will focus on

© Annals of Lymphoma. All rights reserved.

aol.amegroups.com

DLBCL, NOS and HGBL highlighting some unsolved or

controversial issues.

Diffuse large B-cell lymphoma, NOS

DLBCL, NOS, is the most common type of NHL,
accounting for 25-35% of adult NHL in developed
countries (22). It is a B-cell lymphoma composed of large to
medium-sized cells with a diffuse growth pattern, excluding
other specific entities listed in Table 1.

Morphology

DLBCL, NOS has three common morphological variants
(centroblastic, immunoblastic and anaplastic) and several
rare variants (Figure I). The centroblastic variant is the
most common and is characterized by medium-sized to
large lymphoid cells with vesicular nuclei containing

Ann Lymphoma 2019;3:1
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Table 2 Differential diagnosis of aggressive B-cell lymphomas
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Diagnosis CD20 PAX5 Ccb10 BCL6 MUM1 BCL2 MYC CD138 CD30 EBER HHV8
DLBCL, NOS, GCB subtype + + +/— + —/+ +/— —/+ - —/+ - -
DLBCL, NOS, ABC subtype + + - +/— + +/— —/+ - —/+ - -
PMBL + + —/+ +/- +/- +/—- —/+ - +/—- - -
PBL - - —/+ - + - +/- + —/+ +/- -
LYG + + NA NA NA NA NA NA +/- + -
BL + + + + —/+ - + - - —/+ -
LBCL with IRF4 rearrangement + + +/- + + +/—- NA NA NA - -
ALK+ LBCL - - NA NA + NA + + - - -
EBV+ DLBCL, NOS + + - +/— + —/+ +/— NA +/- + -
HHV8+ DLBCL, NOS +/— +/—- - - + NA NA —/+ NA - +
PEL - - - - + - +/- +/—- +/- +/—- +

+, positive; +/—, mostly positive; —/+, mostly negative; —, negative. ABC, activated B-cell; BL, Burkitt ymphoma; DLBCL, diffuse large B-cell
lymphoma; GCB, germinal centre B-cell; LBCL, large B-cell ymphoma; LYG, lymphomatoid granulomatosis; NA, not available; NOS, not
otherwise specified; PBL, plasmablastic lymphoma; PEL, primary effusion lymphoma; PMBL, primary mediastinal large B-cell lymphoma.

fine chromatin. There are 2-4 nuclear membrane-
bound nucleoli, and scant basophilic cytoplasm. The
immunoblastic variant is defined as a tumor with >90%
immunoblasts (22). The immunoblasts typically contain a
large, oval or round nucleus, a single prominent centrally-
located nucleolus, and considerable basophilic cytoplasm.
Some cases show overlapping features with plasmablasts
with eccentric nuclei and perinuclear hof. These cases
should be differentiated from plasmablastic lymphoma,
ALK-positive large B-cell lymphoma, Epstein-Barr virus
(EBV)-positive DLBCL, NOS, extracavitary primary
effusion lymphoma and HHVS8-positive DLBCL, NOS.
Recently, this morphologic variant was associated with
higher IGH/MYC rearrangement frequency without
concurrent BCL2 or BCL6 rearrangement (23). The
anaplastic morphology is characterized by one to several,
large, pleomorphic nuclei, mimicking Hodgkin/Reed-
Sternberg cells or the tumor cells of anaplastic large
cell lymphoma (ALCL). Some cases show sinusoidal
and/or cohesive growth pattern, mimicking ALCL or
undifferentiated carcinoma. However, these cases are not
associated with ALK translocation, and are not related
to ALCL. Other rare morphological variants include
sinusoidal CD30-positive DLBCL (24), spindle cell
morphology (25), signet ring cell morphology (26), myxoid
stroma (27), fibrillary matrix or rosette formation (28),
marked tissue eosinophilia (29), and microvillous
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DLBCL (30). These rare morphological variants are
sometimes within the differential diagnoses of ALCL,
undifferentiated carcinoma, sarcoma, signet ring cell
carcinoma or neurogenic tumors.

Immunophenotype

Immunophenotypically, the neoplastic cells express pan-
B-cell markers, such as CD19, CD20, CD22, CD79a,
and PAXS, but may lose one or more of them. The Ki-67
proliferation index is usually high and can be more than
90% in some cases. The immunophenotype and differential
diagnosis with other aggressive B-cell lymphomas are
summarized in Table 2.

CD30 is positive in 10-20% of cases of DLBCL, NOS
and might be associated with anaplastic morphology
(Figure 2). Interestingly, the GEP of CD30+ DLBCL
overlaps with that of PMBL, and is associated with a favorable
prognosis with R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisolone) therapy,
regardless of the COO (31,32). Some recent studies showed
that CD30 expression in DLBCL was associated with lack
of MYC rearrangement, which might be the real cause of its
better prognosis (33,34). Cases with CD30 expression might
benefit from anti-CD30 therapy (35), but more large-scaled
studies are warranted.

CD5 is positive in about 5-10% of cases of DLBCL,

Ann Lymphoma 2019;3:1
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Figure 2 Immunophenotypic variants of DLBCL, NOS. (A,B) A case of CD30-positive DLBCL, NOS, with anaplastic cytomorphology
(H&E stain, x400) and positive for CD30 (B, x400). (C,D) A case of cyclin D1-positive DLBCL, NOS, reveals centroblastic cytomorphology
(H&E stain, x400) and expression of cyclin D1 (D, x200), raising the differential diagnosis of pleomorphic mantle cell lymphoma. However,

this case is negative for CD5 and SOX11 immunostaining in the absence of CCNDI translocation by fluorescence iz situ hybridization (FISH).

NOS. Most cases are de novo, while the minority of CD5-
positive DLBCL cases are transformed from B-chronic
lymphocytic leukemia/small lymphocytic lymphoma (so-
called Richter transformation). CD5 positivity is associated
with higher frequency of bone marrow involvement, CNS
relapse, ABC subtype, BCL2 overexpression, STAT3 and
NF-kB activation, and worse overall survival in cases of
DLBCL, NOS with R-CHOP or R-EPOCH (rituximab,
etoposide, prednisone, vincristine, cyclophosphamide and
doxorubicin) treatment (36,37).

Cyclin D1 expression has been reported in 1.5-15%
of DLBCL cases with about 10% of these cases showing
copy number gains of CCNDI gene, but not translocation
(Figure 2) (38-46). Cyclin D1-positive DLBCL, NOS, can
be distinguished from pleomorphic mantle cell lymphoma
(MCL) by lack of CD5 and SOXI11 expression and lack of
CCNDI translocation (38-46). A similar phenomenon has
been reported in plasma cell myeloma (47), and nodular
lymphocyte predominant Hodgkin lymphoma (48).

© Annals of Lymphoma. All rights reserved.
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GCB versus non-GCB phenotype

Because the accurate distinction of the GCB from the
ABC suptype seems to be an important predictive factor in
DLBCL, NOS, the 2016 WHO classification recommends
to include this information in the pathological report.
GEP, which is considered the gold standard to assign
the molecular subtypes, is not routinely available and
is not cost-effective. Several studies have attempted to
recapitulate the molecular subgroups (GCB vs. non-
GCB) using a limited panel of antibodies available in most
pathology laboratories. Although most studies find that
immunohistochemical algorithms (Hans, Choi or Tally)
correlate with prognosis in DLBCL, everybody agrees
that these algorithms are an imperfect substitution for
GEP. The Hans algorithm has been the most widely used
in clinical trials. In this classifier three antibodies are used
CD10, BCL6 and IRF4/MUM]1 (49). Cases positive for
CD10 or cases positive for BCL6 and negative for IRF4/

Ann Lymphoma 2019;3:1
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MUMLI are classified as GCB phenotype whereas cases that
are IRF4/MUM1 positive with or without expression of
BCL6 are assigned to the non-GCB subtype (Figure 3) (49).
More recently, mRNA based techniques have emerged
as a realistic option to accurately determine the COO
(50,51). These techniques have shown to work reliably with
formalin-fixed paraffin-embedded tissue.

Double-expresser lymphoma

A subset of DLBCL, NOS show co-expression of MYC
and BCL2 proteins, without demonstrable MYC or BCL2
translocation. These cases are referred as “double-expresser”
lymphomas. BCL2 and MYC protein are positive in about
50% and 30%, respectively, of DLBCL cases with the
cut-off value of 50% and 40%, respectively (52). Double-
expresser lymphomas account for about 30% of DLBCL,
NOS, and they are more commonly of the ABC subtype
(2,52,53). Double-expresser lymphomas are associated
with worse prognosis when compared with cases that do
not express MYC and BCL2 proteins, but better prognosis
when compared to DH or TH lymphomas (2,52-54).

CO0

According to the 2016 WHO classification, diagnosis of all
cases of DLBCL, NOS should include COO, (GCB uvs. ABC,
or non-GCB if an IHC algorithm is used), because of their
different molecular features, biologic behavior, prognosis
and treatment (22). ABC subtype shows NF-kB activation
and recurrent mutation of MYD88 and CD79B (55), while
GCB subtype reveals more frequently BCL2 rearrangement
and recurrent mutation of BCL2, TNFRSF14 (56),
EZH2 (57), and GNAI3 (58). ABC subtype has worse
prognosis than GCB subtype with R-CHOP therapy (59).
However, cases of ABC subtype seem to benefit from adding
lenalidomide (60) or ibrutinib (61) to R-CHOP, reaching
a similar prognosis to GCB subtype, but these results need
further confirmation. Primary DLBCL of the CNS (62),
testis (63), and breast (64), as well as primary cutaneous
DLBCL, leg type (65) usually belong to ABC subtype
and show more frequently mutations of MYD88 and/or
CD79B. New mutational studies have identified a group
with frequent alterations in BCL6 (fusion/translocation)
and mutations in NOTCH?2 but GEP independent from
the GCB and ABC subtypes that suggest a derivation from
marginal zone cells (14,15).

© Annals of Lymphoma. All rights reserved.
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MYC rearrangement (single-bit lymphboma)

The prognosis and treatment of so-called single-hit
lymphoma (SHL) with MYC rearrangement are still
inconclusive due to variable morphology (DLBCL
or BCLU morphology), presence or absence of gene
amplification or copy number gains, and treatment
(R-CHOP or more intensive therapy) in previous studies.
Some studies showed poor prognosis of SHL similar to
DHL (66-69), while others revealed better prognosis than
DHL (70). Landsburg ez a/. found that cases of single-
hit DLBCL, NOS with R-CHOP treatment showed poor
prognosis similar to DHL, but those with more intensive
therapy revealed better prognosis similar to MYC-normal
DLBCL, NOS (67). Li et al. reported that SHL had similar
poor prognosis to DHL, higher p53 overexpression, less
frequent expression of CD10, BCL6 and BCL2, less history
of previous low-grade B-cell NHL, and more IGH partner
of MYC translocation than DHL (66). The poor prognosis
is probably due to p53 mutations, and they suggested SHL
be treated as DHL (66).

BL

BL is a highly aggressive but potentially curable mature
B-cell lymphoma, characterized by MYC translocation to
an IG locus, and simple karyotype. BL is considered to
arise from GC B-cells in the dark zone and expresses CD10
and BCL6, but not BCL2. A combination of morphology,
immunophenotyping and genetic analysis is necessary for the
diagnosis of BL. There are three epidemiological variants
of BL. Endemic BL occurs in equatorial Africa and Papua
New Guinea and shows strong association with EBV and
malaria. It usually presents as a rapidly-growing mass in
the jaw and other facial bones of children in endemic areas.
Other frequently involved sites include distal ileum, cecum,
omentum, gonads, kidneys, long bones, thyroid, salivary
glands, and breasts (71). Sporadic BL occurs throughout the
world, mainly in children and young adults, but also in the
elderly. It usually presents as an abdominal mass, especially
in ileocecal region, ovaries, and kidneys. EBV is positive in
20-30% of sporadic BL with variable frequency in different
countries (72). Immunodeficiency-associated BL occurs
mainly in HIV-infected patients when CD4+ T-cell counts
are still high. Nodal and bone marrow involvement is more
frequent in immunodeficiency-associated BL than in endemic
or sporadic BL. EBV is positive in 25-40% of cases.

Ann Lymphoma 2019;3:1
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Figure 3 Cell of origin predicted by immunohistochemistry using Hans algorithm. (A,B,C,D, left column) A case of germinal centre
B-cell (GCB) subtype DLBCL reveals centroblastic cytomorphology (A) and expression of CD10 (B) and BCL6 (C), but not MUMI1 (D)
immunohistochemically. (E,F,G,H, right column) A case of non-GCB subtype DLBCL is composed of mixed centroblasts and immunoblasts
(E) and positive for BCL6 (G) and MUMI1 (H), but negative for CD10 (F). (H&E stain: A and E. A, B, and D, E, F, G, H, x400; C, x200).
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Figure 4 Burkitt lymphoma. A case of Burkitt lymphoma displays starry sky appearance with tingible body macrophages and comprises

monotonous, medium-sized lymphoma cells with multiple basophilic small, inconspicuous, paracentrally located nucleoli and basophilic
cytoplasm with occasional squared-off borders (A, H&E stain, x400). The Ki-67 proliferation index of the tumor cells is 100% (B, x400).
The tumor cells express germinal center markers, CD10 (not shown) and BCL6 (C, x400), but not BCL2 (D, x400). MYC immunostaining
is strongly positive in the majority of the tumor cells (E, x400). FISH analysis demonstrates MYC rearrangement by break-apart probes (F,

x1,000).

Morphology and immunopbenotype

BL is characterized by monotonous, medium-sized
lymphoma cells with round nuclei, multiple, small,
paracentrally located nucleoli, basophilic cytoplasm with
squared-off borders, and frequent mitoses with tingible
body macrophages and starry sky appearance (Figure 4).
Cytoplasmic lipid vacuoles are noted in aspiration or

© Annals of Lymphoma. All rights reserved.

aol.amegroups.com

imprint cytology. Greater nuclear pleomorphism and
plasmacytoid appearance are noted, especially in HIV-
associated cases. The tumor cells typically express pan-B-
cell markers (CD19, CD20, CD22, CD79a, and PAXS) and
GC B-markers (CD10 and BCL6). Ki-67 proliferation index
is almost 100%. MYC is usually expressed. BCL2 should
be negative or weakly positive in a minority of cells. High
BCL2 expression suggests other lymphomas, especially

Ann Lymphoma 2019;3:1
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HGBL with MYC and BCL2 and/or BCL6 rearrangements
(DHL or THL). TdT is negative.

Molecular features and FISH analysis

The molecular feature of BL is MYC rearrangement with the
partner mostly IGH as t(8;14)(q24;q32) and less commonly
IGK as t(2;8)(p12;q24) or IGL as t(8;22)(q24;22ql1).
However, MYC rearrangement also occurs in other types
of lymphoma, including plasmablastic lymphoma, HGBL,
and DLBCL, NOS, as well as rare cases of transformed
lymphomas (73). In contrast to other lymphomas with MYC
rearrangement, BL cases show relatively simple karyotype
with no or very few chromosomal aberrations except MYC
rearrangement (74). FISH is a sensitive and specific method
to detect MYC rearrangement. Around 3-10% of BL cases
lack MYC rearrangement detected by FISH or conventional
cytogenetics (75,76). A distant breakpoint from MYC gene
or small insertion of MYC into IG locus is suggested in
some negative cases that may be detected by specifically
designed FISH probes (75,77). It is recommended to use
several FISH probes both break-apart probes (BAP) and
dual-fusion probes (DFP) in cases where BL is suspected
and the initial FISH analysis is negative.

Mutational landscape

Mutations in TCF3 and/or its negative regulator ID3 are
identified in 70%, 67%, and 40% of sporadic BL, HIV-
associated BL, and endemic BL, respectively, but rare in
other lymphomas, such as DLBCL (78). Gain-of-function
of TCF3 and loss-of-function of ID3 activate B-cell
receptor signaling through PI3K pathway, promoting
cell survival and proliferation in BL. Besides, oncogenic
mutation of CCND3 are found in 38% of sporadic BL
cases, producing highly stable cyclin D3 isoforms that drive
cell cycle progression (78). In contrast, other recurrent
mutations of DLBCL, such as EZH2, SGKI1, BCL2, CD79B,
and MYD8$, are rarely found in BL (78,79).

Burkitt-like lymphoma with 11q aberration

Recently, some cases resembling BL in morphology,
immunophenotype, and gene expression profile, but also
DLBCL, NOS, lack MYC rearrangement and contain a
peculiar chromosome 11q aberration with gain in 11q23.2-
23.3 and loss of 11q24.1-qter (76). These cases have more
complex karyotypes and more frequent nodal presentation
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than BL, but the clinical course and prognosis seem to
be similar (76). Whether this group of cases should be
classified as a molecular variant of BL or a distinct entity is
controversial, and it is placed as a provisional entity in the
2016 WHO classification (80). Post-transplant molecularly
defined BL cases more frequently have this characteristic
11q-gain/loss pattern and lack of MYC rearrangement than
immunocompetent cases (81). The 11q-gain/loss aberration
has been found not only in MYC-negative Burkitt-like
lymphoma, but also in some cases of MYC-positive BL and
MYC-positive HGBL, NOS (82).

HGBL with MYC and BCL2 and/or BCL6
rearrangements

HGBL with MYC and BCL2 and/or BCL6 rearrangements
(so-called DHL or THL) is defined as an aggressive mature
B-cell lymphoma with coexisting rearrangements of MYC
at chromosome 8q24 and BCL2 at chromosome 18q21 and/
or BCL6 at chromosome 3q27. Cases with rearrangements
of all three loci, MYC, BCL2 and BCL6, are called THL.
Some cases of THL show reciprocal translocation of MYC
and BCL6 (83). Cases with coexisting rearrangements
of BCL2 and BCL6 without MYC rearrangement, and
cases with coexisting rearrangements of MYC and other
genes such as CCNDI are excluded. MCL with MYC
rearrangement (84,85), are per definition excluded from
the group of HGBL in the 2016 WHO classification. The
translocation partner of MYC can be immunoglobulin (IG)
or non-IG gene. Cases with IG/MYC translocation showed
worse prognosis than non-IG/MYC translocation in some
studies (86,87). Cases with amplification, copy number
gains, somatic mutation of genes or increased protein
expression, including double-expresser DLBCL, without
translocation are excluded although some studies showed
poor prognosis in these groups, similar to DH lymphomas
(1,54,70,88). Rare cases of B-cell lymphoblastic lymphoma
(B-LBL) and pure follicular lymphoma (FL) with MYC and
BCL?2 rearrangements are also excluded. The classification
is primarily applicable to de novo cases; transformed
FL with DLBCL component showing MYC and BCL2
rearrangements should be diagnosed as HGBL with MYC
and BCL2 rearrangements, transformed from FL. Before
the 2016 WHO classification, some studies included cases
of B-LBL (1,5), pure FL (1,83,86,89) or MCL (89) with
DH as well as translocation in one gene and extra copies in
the other gene (1). We should notice that these cases do not
fit the current criteria of HGBL with DH/TH in the 2016
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WHO classification of lymphomas (21).

Clinical presentation

Most patients present with advanced stage (Ann Arbor
IIT or IV in 84-100% of patients), nodal and extranodal
involvement, including bone marrow and CNS, B
symptoms, intermediate-high or high International
Prognostic Index (IPI) score, and high serum lactate
dehydrogenase (LDH) levels (3-6,66,88). Around 30%
of cases have a previous history of B cell NHL, most
frequently FL, acquiring a secondary MYC rearrangement
and transforming to DHL (5,66,88). Rare cases present in
malignant effusion without solid mass, similar to primary

effusion lymphoma or effusion-based lymphoma (90,91).

Morphology

Around 32% to 69% of the cases showed similar
morphology to DLBCL, NOS (5,19,21,86), and about 2-8%
of all cases with DLBCL morphology are DH lymphomas
(3,4,6,21). The other cases mostly revealed morphologic
features of BCLU as defined in the 2008 WHO
classification (Figure 5). BCLU cases have morphological
features intermediate between DLBCL and BL with diffuse
pattern, starry-sky appearance, medium-sized to large tumor
cells, slightly irregular nuclear contours, inconspicious
or small nucleoli, and scant cytoplasm (Figure 5B).
High mitotic activity and apoptosis are frequently found,
but still some cases have low number of mitoses. Some
cases are relatively monotonous, mimicking BL, but the
immunophenotype and genetic findings are different. There
are also some cases revealing blastoid morphology similar
to B-LBL or blastoid variant of MCL (Figure 5D). Around
60% of HGBL with blastoid morphology showed DH of
MYC and BCL2 rearrangements and most of them revealed
GCB phenotype with some transformed from FL (92).
Besides, blastoid cases are enriched in DHL or THL, and
have a significantly worse prognosis even among DHL or
THL with other morphologies (70). Cases of MYC-BCL6
DHL and THL are much less common than MYC-BCL2
DHL (4). Around 33-85% of MYC-BCL6 DHL show
DLBCL morphology, while 15-67% of cases display BCLU
morphology in three larger series (19,91,93). Half of THL
reveal DLBCL morphology and the other half show BCLU
morphology in one series (83). The comparison of MYC-
BCL2 DHL, MYC-BCL6 DHL and THL according to the

literature is summarized in Table 3.
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Immunophenotype

The lymphoma cells express mature B-cell markers (CD19,
CD20, CD79a and PAXS), but are negative for TdT and
cyclin D1. MYC-BCL2 DH lymphomas are mostly GCB
phenotype (90-100% of cases) (19,91), and almost all these
cases express BCL2 (92-95% of cases) (5,19,91), in contrast
to BL. Few BCL2-rearranged cases are negative for BCL2
(clone 100D5) due to BCL2 missense mutations, but stain
for the BCL2, E17 clone (94). IRF4/MUM1 is positive
in 18-39% of MYC-BCL2 DH lymphomas (5,19,91).
MYC is positive in 84% of MYC-BCL2 DHLs and 73%
of cases show double expression of MYC and BCL2 in
one large series (66). The proliferation index is generally
high, but highly variable from 20-100% (19), especially in
cases with DLBCL morphology. Compared with MYC-
BCL2 DHL, cases of MYC-BCL6 DHL express less CD10
(50-75%) and BCL2 (17-80%), but more IRF4/MUM1
(17-88%) (19,91,93). Around 75-86% of MYC-BCL6
DHL cases display GCB phenotype and only 17-33% of
cases show double expression of MYC and BCL2, which
are less than MYC-BCL2 DHLs (19,91,93). There is a
pitfall to misdiagnose MYC-BCL6 DHL cases as BL due
to overlapping morphology, common GCB phenotype
and BCL2 negativity. The clinical presentation in younger
patients, monotonous neoplastic cells without prominent
nucleoli, and simple karyotype are clues for BL diagnosis.
THL reveal similar immunophenotype than that of DHL
with MYC-BCL2 (83). There are some DHL or THL cases
that have been reported to be CD20 negative (83,90,91).
Epstein-Barr virus (EBV)-encoded small RNA in situ
hybridization (EBER) is practically negative with very few
exceptions (5,6,90).

How to select cases for FISH analysis?

Currently, there are no perfect criteria to select cases
for FISH analysis to detect DHL or THL, especially in
cases with DLBCL morphology. Morphologically, cases
with blastoid morphology are enriched in DHL or THL
(around 60%) (70,92). About 30% and 10% of cases with
BCLU morphology are MYC-BCL2 and MYC-BCLG,
respectively (18,95). The DHL or THL with DLBCL
morphology is the most challenging group (5,19,21,86).
Although MYC and BCL2 protein expression correlate
with gene translocation in the majority of cases, still
around 25% of DHL are negative for MYC using the 40%
cut-off value and do not show double expression of MYC
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Figure 5 High-grade B-cell lymphoma (HGBL). Cases of high-grade B-cell lymphoma reveal different morphologies, including BL-like

morphology (A, Giemsa stain, x400), B-cell lymphoma unclassifiable (BCLU) (B, Giemsa stain, x400) with features intermediate between
BL and DLBCL, DLBCL morphology (C, Giemsa stain, x400) and blastoid morphology (D, H&E stain, x400). A case of HGBL with MYC
and BCL2 rearrangements (double-hit lymphoma) shows BCLU morphology (B) and germinal center immunophenotype with expression
of CD10 (E, x400). This case is also positive for BCL2 (F, x200) and MYC (G, x400). Another case of HGBL with MYC and BCL6
rearrangements (double-hit lymphoma) shows DLBCL morphology (C) reveals concomitant rearrangement of MYC (H, x1,000) and BCL6

(I, x1,000) using break-apart probes in FISH analysis.

and BCL2 (19,54,66,70). The percentage of non-double
expression is even lower in MYC-BCL6 DHL (19,93).
Therefore, it is believed that a good percentage of DHL
are missed by immunohistochemistry. Proliferation index
measured by Ki-67 is highly variable (20-100%), and
not a good surrogate marker for FISH analysis (19,70).
If FISH analysis for MYC and BCL2 is performed in all
DLBCL cases with GCB phenotype, most cases of DHL
will be identified, but the MYC-BCL6 DH lymphomas
will be missed (19,91,93,96). Besides, the specificity is
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low because around 60% of all DLBCL cases show GCB
phenotype (97). Some studies suggest performing FISH
analysis in all newly-diagnosed cases of DLBCL (98-100).
However, the cost and benefit are difficult to estimate in
different institutes or countries. A better strategy might be
to start with MYC FISH in cases with aggressive clinical
presentation, blastoid or BCLU morphology, double
expression of MYC and BCL2, as well as GCB phenotype,
and then perform BCL2 and BCL6 if MYC is found to be

rearranged.
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Table 3 Clinicopathologic features of high-grade B-cell lymphoma with MYC and BCL2 and/or BCL6 rearrangement

Features MYC-BCL2 DHL MYC-BCL6 DHL THL
Percentage of total DLBCL cases 2-8% 0.8-1% 0.4-3%
Percentage of total BCLU cases 23% 9% NA

Percentage of total blastoid cases®

CD10 positivity 90-100%
BCL6 positivity 82-95%
MUM1 positivity 18-39%
BCL2 positivity 90-95%
MYC positivity 75-84%
DE of MYC/BCL2 67-73%
GCB phenotype* 90-100%
Ki-67 20-100%
P53 >50% 33%
|G partner of MYC translocation 56-71%
Stage Ill or IV 87-100%
Prognosis compared with DLBCL, NOS Adverse

64%, including all MYC-BCL2 DHL, MYC-BCL6 DHL, and THL cases

50-75% 83-100%
86-100% 70%
17-88% 50%
17-80% 100%
67-100% 90%
17-33% 90%
75-86% 100%
40-100% 75-100%
NA NA
31-64% 53-78%
82% 90%

Adverse, similar to
MYC-BCL2 DHL

Adverse, similar to
MYC-BCL2 DHL

$, blastoid morphology is included in BCLU morphology in some studies; *, GCB or non-GCB phenotype is based on Hans algorithm.
BCLU, B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and Burkitt lymphoma; B-NHL, B-cell non-Hodgkin
lymphoma; DE, double expression; DHL, double-hit ymphoma; DLBCL, diffuse large B-cell lymphoma; GCB, germinal centre B-cell; NOS,

not otherwise specified; THL, triple-hit lymphoma.

Break-apart versus DFP

To detect MYC translocation, BAP for MYC gene or DFP
of IGH-MYC can be used. BAP shows higher sensitivity
than DFP, because of its detection of both IG and non-IG
partner, easier interpretation, and probe-design. However,
BAP still can result in false negative cases, depending on
the probe design and breakpoints (70,77,101). DFP helps
identifying the translocation partner of MYC and detect
some false-negative cases by BAP (70,77,101). Two-probe
approach is optimal, and we suggest at least to start with a
BAP due to its higher sensitivity and easier interpretation.

MYC translocation partner: IGH, 1G light chain or non-
1G gene

The partners of MYC translocation are IG gene in
around two-thirds of the cases while non-IG partners are
identified in one-third (4,5,66,83,91). The ratio of IGH
and IG light chain is highly variable in different studies
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(5,66,83). Compared with BL, the lower frequency of IGH
partner in MYC translocation in DHL or THL suggest
that MYC rearrangement is likely a secondary event (66).
Although both IG and non-IG partner fulfill diagnosis of
DHL or THL in the 2016 revised WHO classification,
some studies showed worse prognosis in cases with I1G-
MYC translocation than non-IG-MYC translocation with
R-CHOP treatment (86,87).

Rearrangement versus amplification/copy number gains

According to the 2016 WHO classification, only gene
rearrangements fulfill the definition of DHL or THL, but
not gene amplification or copy number gains. However,
some studies show worse prognosis in DLBCL cases with
gene amplification or copy number gains of MYC and
BCL2, similar to MYC-BCL2 DHL, especially in cases with
coexisting rearrangement in one gene and amplification
or copy number gains in the other gene (1,70,88). Li ez al.
studied cases with coexisting rearrangement or extra
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copies of MYC and BCL2 and found that these cases
had similar poor prognosis to DHL, but more often
DLBCL morphology, less frequent CD10 expression and
less frequent serum LDH elevation (88). This is still an
unresolved issue that warrants further investigation.

Follicular lymphoma with MYC and BCL2 and/or BCL6
rearrangements

Pure FL with MYC and BCL2 and/or BCL6 rearrangements
(so-called DH-FL) is excluded from HGBL with MYC and
BCL2 and/or BCL6 rearrangements in the 2016 WHO
classification. The cases reported in the literature are few
with controversial results regarding prognosis and optimal
treatment. In two recent series, opposite results were
found; one showed poor prognosis of DH-FL, similar to
DHL (102), whereas the other study reported an indolent
clinical behavior similar to FL without MYC rearrangement,
based on clinicopathological and genome-wide copy-
number alterations and copy-neutral loss-of-heterozygosity
profiles (103). Cases of DH-FL can be low-grade or high-
grade, de movo or with high-grade transformation after
exclusion of any DLBCL component (104).

Prognosis and treatiment

Many studies showed dismal prognosis of HGBL with MYC
and BCL2 and/or BCL6 rearrangements under R-CHOP
immunochemotherapy, worse than DLBCL, NOS and
double-expresser lymphoma (3-6,52,70,100). These
patients frequently have several poor prognostic factors,
such as elderly patients, advanced stage, bone marrow or
CNS involvement, high IPI score or elevated serum LDH
level (2-7,70,88). Disease progression or relapse happens
frequently. The median overall survival is 1.5 years (3-7).
Until now, there is no standard guideline of treatment for
these patients. Because R-CHOP immunochemotherapy
is thought insufficient for most cases, more intensive
therapy, such as R-EPOCH or novel therapy with or
without stem cell transplantation should be considered
(98,100,101,105,106). CNS prophylaxis is suggested in
DHL or THL due to its frequent CNS involvement and
relapse (98,100). Some studies showed poor prognosis even
with intensive chemotherapy or stem cell transplantation
(105,107). Nevertheless, there is a small subset of DHL or
THL without risk factors (patients with early stage, low IPI
score and low serum LDH level), and these patients seem
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to have better prognosis (70,106). Some studies showed
better prognosis in cases with DLBCL rather than blastoid
morphology, without double expression of MYC and BCL2,
or with non-IG partner gene of MYC translocation (70,86).
Although most studies of DHL were based on MYC-BCL2
DHL, other studies demonstrated poor prognosis of MYC-
BCL6 DHL and THL similar to MYC-BCL2 DHL, and
these cases should be treated as MYC-BCL2 DHL (19,70,83).

HGBL, NOS

HGBL, NOS is defined as aggressive B-cell lymphoma
that lacks MYC, BCL2 and BCL6 rearrangements and
morphologically does not fall into the categories of
DLBCL, NOS or BL (21). This new provisional category
includes cases of BCLU or blastoid morphology without
DH or TH. DLBCL, NOS with single hit of MYC or BL
with slightly atypical morphology or immunophenotype are
excluded. Burkitt-like lymphoma with 11q aberration is also
excluded from HGBL, NOS.

Clinical features

There are limited data of HGBL, NOS because most
studies lumped cases of HGBL, NOS with DH, TH, or
DLBCL, NOS. HGBL, NOS seems to be a heterogeneous
group, and the majority of cases have older age, advanced

stage, high IPI score and elevated serum LDH level
(18,108,109).

Morphology and immunophenotype

Morphologically, HGBL, NOS, should show high grade
morphology including BCLU and blastoid morphology.
Cases with blastoid morphology might look like BL, but have
atypical immunophenotype (BCL2 positivity) or complex
karyotype, which do not fit for BL. Cases with DLBCL
morphology and high proliferation rates or with MYC as
single alteration should be still diagnosed as DLBCL, NOS.
The Iymphoma cells express mature B-cell markers, but are
negative for TdT and cyclin D1 to exclude B-LBL and MCL,
respectively, especially in cases with blastoid morphology.
HGBL, NOS is a heterogeneous group and mostly shows
GCB phenotype with expression of CD10 and BCL6, but
less IRF4/MUMI1 (18,92,108). Proliferation index of Ki-67
is usually high, but not 100% as in BL (92,108). BCL2 and
MYC expression are variable (108).
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Molecular features and FISH analysis

"To make a definite diagnosis of HGBL, NOS, one should
perform FISH of MYC with or without BCL2 and BCL6
to exclude HGBL with MYC and BCL2 and/or BCL6
rearrangements. The genetic findings of HGBL, NOS, are
not well studied and seem to be variable, including only
MYC, only BCL2 or only BCL6 rearrangement, with or
without extra copies, or no abnormalities (18,109). Recently,
few cases of HGBL, NOS with MYC rearrangement and
11q aberration were discovered (82,110). Although these
cases are different from Burkitt-like lymphoma with 11q
aberration because they carry MYC rearrangement, further
studies are warranted to see whether these are different
diseases or represent a spectrum within HGBL.

Prognosis and treatment

The prognosis of HGBL, NOS is worse than DLBCL
or BL (109). Compared with DHL, some studies showed
better prognosis in HGBL, NOS (108), while others
revealed similar dismal outcome (18), especially in cases
with MYC rearrangement (SHL) (66). Patients with
age more than 60 years, stage IV or high IPI score have
worse prognosis (18,108). Currently, there is no standard
treatment for cases of HGBL, NOS. Because of the poor
outcome in patients with R-CHOP therapy, alternative
treatment should be considered, especially in cases with
MYC rearrangement (66,95).

Primary DLBCL of the CNS

Primary DLBCL of the CNS is defined as DLBCL arising
in the brain, spinal cord, leptomeninges or eye. It shows
similar morphology to DLBCL, NOS, but more frequent
perivascular growth pattern and geographic necrosis.
Marked tumor necrosis and histiocytic infiltration are
often seen after steroid use, causing diagnostic difficulties.
Immunohistochemically, it usually shows a non-GCB
phenotype. Double expression of BCL2 and MYC is seen
in about 80% of cases, but translocations of MYC or BCL2
are rare (111). Primary DLBCL of the CNS shows more
frequent recurrent mutation of MYD§8 and/or CD79B than
nodal DLBCL, NOS (62).

Primary mediastinal (thymic) large B-cell
lymphoma (PMBL)

PMBL is a specific type of DLBCL of putative thymic B-cell
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origin arising in the mediastinum (112). Morphologically,
it comprises medium-sized to large centroblastic cells
with moderate amount of pale or clear cytoplasm.
Although the tumor grows diffusely, collagenous fibrosis
compartmentalizing the tumor cells is frequently observed.
Immunohistochemically, the tumor cells often express pan-
B-cell markers but lack the expression of immunoglobulins
despite a functional IG gene rearrangement and the
expression of the transcription factors PAXS5, OCT2, BOB1
and PU1. The characteristic immunophenotype includes
expression of CD23, CD30 and MAL, with variable
expression of BCL2, BCL6 and CD10. Rearrangements and
mutations in the class II major histocompatibility complex
(MHC) transactivator CIITA4 at 16p13 have been reported in
half of the cases resulting in downregulation of MHC class
II (113). The unique overexpression of PD-L1 and PD-
L2 in PMBL results from the translocation of PDLI and
PDL2 with CII'TA or by gene amplification of chromosome
9p24.1 including the JAK2/PDLI1/PDL?2 locus (114).
PMBL is characterized by a constitutively activated NF-
kB pathway due, in part, to mutations in TNFAIP3 gene
found in up to 60% of cases (56). In addition, these tumors
have a constitutively activated JAK/STAT signaling pathway
frequently related to inactivating mutations in SOCSI,
STAT6 and PTPNI genes, which are rare or almost absent in
DLBCL (115). XPO1 mutations have been described also to
be characteristic of PMBL, unlike DLBCL (116). PMBL has
a distinct gene expression profile (GEP), which is different
from DLBCL, not otherwise specified (NOS), but similar
to classic Hodgkin lymphoma (CHL) (117). Interestingly,
primary nodal cases without mediastinal involvement with
the typical morphology, phenotype and GEP of PMBL have
been recently described (112), indicating that rare cases
outside the mediastinum do exist. Cases with aberrant cyclin
D1 expression due to copy number gains of CCNDI gene
have recently been described (118).

Plasmablastic lymphoma (PBL)

PBL is characterized by plasmablastic or immunoblastic
morphology and plasmacytic immunophenotype with
expression of CD38, CD138, IRF4/MUM1, BLIMP1/
PRDM1, and XBP1, but lack of CD20 and PAXS (Figure 6).
CD79a is positive in about 40% of cases (119). Cytoplasmic
immunoglobulin is commonly expressed with either kappa
or lambda restriction. Of note, CD10 can be positive in
20% of cases (119), and aberrant T-cell markers such
as CD3 might be positive, misleading to a diagnosis of
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Figure 6 Plasmablastic lymphoma (PBL). A case of PBL, monomorphic variant (A, H&E stain, x400). Immunohistochemically, the tumor

cells were negative for pan B-cell markers such as CD20 (B, x400) or PAXS5 (not shown) but positive for plasma cell markers, such as CD38,
CD138 or MUMI (C, x400). EBV-encoded small RNA (EBER) iz situ hybridization is positive in almost all tumor cells (D, x200). The

tumor cells also display light chain restriction with negative kappa immunostaining (E, x400) and positive lambda immunostaining (F, x400).

T-cell lymphoma (120). EBER is positive in 65% of cases,
especially in HIV-positive patients (119). HHV8 and ALK
are negative. MYC translocation is present in about 50%
of cases with IG gene as translocation partner, in most
cases, and MYC protein overexpression (119,121,122). The
morphology and immunophenotype of PBL might overlap
with plasmablastic plasma cell myeloma (123). Other
differential diagnoses include DLBCL, NOS with loss of
CD20 expression, ALK-positive DLBCL, extracavitary
PEL, and HHV8-positive DLBCL, NOS.
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EBV-positive DLBCL, NOS

EBV-positive DLBCL, NOS, is the current nomenclature
in the 2016 WHO, to stress that these lymphomas affect
not only elderly patients but also younger patients (124).
It is defined as a DLBCL with EBV positivity in
>80% of tumor cells. Excluded from this category
are other well-characterized EBV-associated entities,
such as lymphomatoid granulomatosis, PEL, PBL,
DLBCL associated with chronic inflammation, EBV-
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positive mucocutaneous ulcer, and post-transplant
or immunodeficiency-associated EBV-positive
lymphoproliferative disorders. EBV-positive DLBCL
accounts for 8-15% of DLBCL among Asian and Latin
American patients with only 2-3% among Western
patients (125). Immunohistochemically, the neoplastic
cells usually express pan-B-cell markers, as well as CD30
(124,126). EBV-positive DLBCL, NOS typically has a non-
GCB phenotype and a morphology mimicking CHL or
THRLBCL (124,126). EBER is positive in all cases with
latency II and rarely latency III EBV pattern (124,126).
Expression of PDLI protein (124) and copy number gains
of chromosome 9p24.1, containing PDL2 gene (127),
are noted, implying immune escape mechanism in its
pathogenesis.

Conclusions

The understanding of the biology of DLBCL, BL and
HGBL has increased in the last years. The diagnosis of
DLBCL needs, in addition to standard morphology and
immunohistochemistry, all available ancillary techniques.
According to the 2016 WHO classification, the diagnosis
of DLBCL, NOS requires the inclusion of the COO
(GCB or ABC/non-GCB subtype) determined either with
molecular techniques (GEP and mRNA based techniques)
or immunohistochemistry, as an alternative solution. The
distinction of GCB versus ABC-DLBCL has not yet led
to differences in primary treatment. The current standard
of care for most patients is R-CHOP, which has improved
dramatically the outcome of DLBCL. However, for patients
who fail R-CHOP, the choice of therapy is very likely to be
influenced by the COO and the molecular pathways used
by the tumors for survival and proliferation. Emerging new
targeted therapy will certainly influence the diagnosis and
treatment of DLBCL and HGBL in the near future. The
routine use of FISH and IHC to detect MYC and BCL2
alterations/overexpression is recommended. Patients with
DHL and double expression of MYC and BCL2 protein,
represent poor-risk subsets in which alternative strategies
should be explored. HGBL with MYC and BCL2 and/
or BCL6 rearrangements (i.e., DHL or THL) should be
separated from DLBCL, NOS, due to its clinicopathological
features, molecular findings, and dismal prognosis with
standard R-CHOP therapy. Although there are no strict
recommendations in how to select cases for FISH analysis,
a reasonable approach is to perform FISH analysis for
MYC, BCL2 and/or BCL6 in cases with aggressive clinical
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presentation, blastoid or BCLU morphology, GCB
phenotype, and double expression of MYC and BCL2.
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