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2.1  Introduction

Diffuse large B-cell lymphoma (DLBCL) repre-
sents a heterogeneous group of aggressive lym-
phoid neoplasms that originate, in most cases, 
from the malignant transformation of B cells 
within the germinal center (GC) and feature dis-
tinct genetic, phenotypic, and clinical behavior. 
The 2017 update of the fourth edition of the 
WHO classification of lymphoid, histiocytic, and 
dendritic cell neoplasms reflects this heterogene-
ity by recognizing over ten large B-cell lym-
phoma entities, including, among others, the 
most common DLBCL not otherwise specified 
(NOS), primary mediastinal large B-cell lym-
phoma (PMBCL), intravascular large B-cell lym-
phoma, and a few new categories or provisional 
entities (Table  2.1) [1, 2]. Of importance, the 
revised classification requires the distinction of 
DLBCL-NOS into two “cell-of- origin” molecu-
lar subtypes, i.e., germinal center B-cell-like 
(GCB) and activated B-cell-like (ABC) DLBCL, 
incorporating the notion that these tumors are 
addicted to distinct oncogenic pathways and 

 differ in clinical outcome. Moreover, a separate 
category has been introduced for DLBCL harbor-
ing chromosomal translocations of both MYC 
and BCL2 and/or BCL6 (the so-called double-hit 
or triple-hit lymphomas).

From a genetic standpoint, fundamental new 
insights have been gained over the past decade, 
particularly regarding the mutational landscape 
of DLBCL-NOS and PMBCL. These studies led 
to the identification of multiple genes and path-
ways that are recurrently disrupted by genetic 
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Table 2.1 Lymphomas of large B cells in the updated 
WHO classification

DLBCL, NOS
T-cell/histiocyte-rich large B-cell lymphoma
Intravascular large B-cell lymphoma
Plasmablastic lymphoma
ALK-positive large B-cell lymphoma
EBV-positive DLBCL, NOS
HHV8-positive DLBCL
Primary DLBCL of the CNS
Primary cutaneous DLBCL, leg type
Large B-cell lymphoma with IRF4 rearrangements
Primary mediastinal (thymic) large B-cell lymphoma
DLBCL associated with chronic inflammation
Primary effusion lymphoma
High-grade B-cell lymphoma
  –  High-grade B-cell lymphoma, with MYC and 

BCL2 and/or BCL6 rearrangements
  – High-grade B-cell lymphoma, NOS
B-cell lymphoma, unclassifiable, with features 
intermediate between DLBCL and classical Hodgkin 
lymphoma
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lesions in these tumors and likely play significant 
roles in their pathogenesis. Of note, a number of 
the affected genes represent potentially action-
able targets that could be exploited for precision 
medicine approaches.

This chapter will cover the pathology and 
genetics of DLBCL and related entities, accord-
ing to the definition of the updated 2017 WHO 
classification, with special emphasis on the most 
common and molecularly better characterized 
DLBCL-NOS and PMBCL.

2.2  Diffuse Large B-Cell 
Lymphoma, NOS

DLBCL not otherwise specified (NOS) consti-
tutes the most common type of B-cell lymphoma 
in adults, accounting for approximately 30% of 
all diagnoses, and includes cases that cannot be 
assigned to any other specific subtype or disease 
entity. Morphologically, these tumors consist of 
large lymphoid cells with basophilic cytoplasm 
and vesicular nuclei that are at least twice the size 
of normal lymphocytes and exhibit a diffuse 
growth pattern in the large majority of cases. 
DLBCLs are mainly nodal lymphomas, although 
roughly 40% of cases are considered primary 
extranodal in origin [3]. Among them, the most 
common extranodal site is the gastrointestinal 
tract; however, DLBCL can involve virtually 
every lymphoid and nonlymphoid organ, includ-
ing the Waldeyer’s ring, spleen, bones, gonads, 
thyroid, liver, and kidneys. DLBCL cases local-
ized to some of these sites are considered separate 
entities, as it is the case for primary DLBCL of the 
central nervous system (PCNSL) and primary 
mediastinal (thymic) large B-cell lymphoma 
(PMBCL). Leukemic spread is rare in DLBCL.

The etiology of DLBCL remains largely 
unknown; however, a few specific risk factors 
have been recognized, such as immunodeficiency 
and chronic inflammation. In particular, DLBCL 
NOS arising in the setting of immunodeficiency 
is associated with infection by the Epstein-Barr 
virus (EBV) in a large number of cases, a finding 
that is relatively uncommon in sporadic 
DLBCL.  While most DLBCL cases arise de 

novo, they can also be seen in the setting of 
transformation from preexisting low-grade 
lymphoid tumors, including chronic lymphocytic 
leukemia (so-called Richter’s syndrome) and 
follicular lymphoma.

Patients with DLBCL can be asymptomatic or 
present with systemic symptoms such as fatigue, 
fever, and night sweats. Often, a rapidly growing 
mass is found at the site of involvement, and after 
appropriate clinical staging, only 25–30% of 
patients show localized (stage I or II) disease. In 
many cases, specific symptoms are related to the 
site of origin and/or the site of the predominantly 
manifesting tumor mass [4].

2.2.1  Pathology

In lymph nodes, tumor infiltrates may totally 
efface the underlying architecture of the paren-
chyma, while partial infiltration is found more 
rarely. The perinodal soft tissues are often 
affected as well. In extranodal localizations, the 
pattern of infiltration is generally related to the 
specific site involved, e.g., a diffuse infiltration 
of the lung parenchyma by PMBCL or the con-
finement of the infiltrate to the luminal parts of 
the bowel wall in primary intestinal lymphoma. 
Common morphological variants of DLBCL 
include the centroblastic, immunoblastic, and 
anaplastic variants (Fig. 2.1). Of these, the most 
common one is represented by centroblastic 
DLBCL, which consists of medium- to large- 
sized cells with scant to slightly basophilic cyto-
plasm, an open vesicular chromatin structure, 
and several small membrane-bound nucleoli 
(Fig.  2.1a). This classical tumor cell type 
(referred to as the monomorphic variant) may be 
admixed with immunoblasts (the so-called poly-
morphic variant of DLBCL-centroblastic), and 
nuclei with a conspicuously multilobated shape 
may be observed. Roughly 60–70% of centro-
blastic-type DLBCL cases show a germinal cen-
ter B-cell-like gene expression profile (GEP) 
(see next paragraph). Immunoblastic DLBCLs 
are composed of large cells with broad baso-
philic cytoplasm and large vesicular nuclei 
showing a single central nucleolus (Fig. 2.1b). 
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In this variant, partial plasmablastic differentia-
tion may be observed, and most cases show an 
activated B-cell-like GEP [5]. The anaplastic 
DLBCL variant is characterized by large to very 
large cells with equally large and pleomorphic, 
sometimes bizarre nuclei resembling Hodgkin 
or Reed-Sternberg-like cells, and a cohesive 
growth pattern with occasional intrasinusoidal 
spread (Fig.  2.1c). CD30 expression is fre-
quently observed. In many cases, immunohisto-
chemistry is needed in order to differentiate this 
variant from anaplastic large cell lymphoma of 
T-/null- cell linage [6–8]. Often, however, 
DLBCL shows a mixed composition of these 
cell types, and no specific variant can be diag-
nosed. In addition, a varying number of accom-
panying interspersed T cells and histiocytes can 

be seen in the background, reflecting different 
interactions of the tumor cells with the sur-
rounding microenvironment.

2.2.2  Immunophenotype

The tumor cells of DLBCL express by definition 
pan B-cell markers such as CD19, CD20, or 
CD22. A number of other antigens may also be 
expressed on the membrane, in the cytoplasm, or 
in the nuclei of the tumor cells, including CD5 
(5–10% of cases), CD10 (30%), or CD30 (10–
20%). Reactivity for CD5 or CD10 does not 
necessarily indicate transformation from indolent 
lymphomas, and the vast majority of CD5- and/
or CD10-positive DLBCL are de novo diagnoses. 

a b

c

Fig. 2.1 Morphological variants of DLBCL, NOS. (a) 
Centroblastic variant of DLBCL, characterized by 
medium-sized to large cells with a narrow, slightly baso-
philic cytoplasm and round to oval, or lobulated, nuclei 
with vesicular chromatin and several membrane- bound 
nucleoli. (b) Immunoblastic lymphoma, displaying a 

broader, basophilic cytoplasm and round nuclei with loose 
chromatin and a single, prominent nucleolus. (c) 
Anaplastic variant of DLBCL, characterized by large and 
at times very pleomorphic cells with large, irregular nuclei 
and bizarre or multinucleated giant cells
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Additional markers include CD38, CD138, 
immunoglobulin (cytoplasmic), IRF4/MUM1, 
the GC-associated protein BCL6, and BCL2 [2]. 
Apart from correctly identifying the B-cell deri-
vation of the tumor cells and rendering predictive 
information on CD20 expression (the target of 
anti-CD20 immunotherapy), various immunohis-
tochemical algorithms have been constructed to 
assign DLBCL samples to the two main molecu-
lar classes identified by GEP analysis (discussed 
in the next section). The Ki67 proliferation index 
is generally high, and nuclear reactivity is often 
seen in 60–90% of tumor cells.

Of particular relevance is the immunohisto-
chemical analysis of MYC and BCL2, because 
the simultaneous expression of these two pro-
teins, either due to concurrent chromosomal 
translocations (double-hit lymphomas, 5–8% of 
cases) or independently of genetic lesions (so-
called double-expressor lymphomas, accounting 
for 20–30% of cases), has been associated with 
inferior prognosis, although more recent pro-
spective studies are starting to reveal comparable 
overall survival [9–13]. In the WHO update, 
“double-hit” or “triple-hit” lymphomas are 
included in the new category of high-grade B-cell 
lymphoma (see corresponding section for a 
detailed description), while dual expression of 
BCL2 and MYC without MYC/BCL2 chromo-
somal alterations is recognized as a negative 
prognostic indicator within DLBCL, NOS, but 
not as a separate category. The recommended 

cutoffs to define double-expressor DLBCLs are 
>40% for MYC expression and >50% for BCL2 
expression (Fig. 2.2a, b) [1].

2.2.3  Cell of Origin and Gene 
Expression Profiling

The normal counterpart of DLBCL is a periph-
eral mature B-cell that has experienced the GC 
reaction, as demonstrated by the presence in 
these tumors of clonally rearranged, somatically 
hypermutated immunoglobulin genes [14].
Seminal studies utilizing genome-wide tran-
scriptional profiling approaches allowed the 
identification of at least two molecular subtypes 
of DLBCL, NOS, with an intermediate group 
that remains unclassifiable [5, 15]. The germinal 
center B-cell- like (GCB) DLBCL is character-
ized by a gene expression pattern that is more 
similar to that of a light zone (LZ) B cell, possi-
bly recirculating toward the dark zone [15, 16]. 
Conversely, the activated B-cell-like (ABC) 
DLBCL is characterized by the expression of 
genes that are typically upregulated in a subset 
of GC LZ B cells poised to differentiate into 
plasma cells [15, 16]. Besides indicating the 
putative cell of origin (COO) of the disease, this 
classification identifies tumors with fundamen-
tally different biological and genetic features, as 
well as clinical outcome, with ABC-DLBCL 
being generally less curable [5, 17, 18]. In the 

a b

Fig. 2.2 Double expressor lymphoma. (a) Immunohistochemical analysis of BCL2 expression, showing positivity in 
the cytoplasm of virtually all tumor cells. (b) The vast majority of the cells also express nuclear MYC protein
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upcoming area of targeted therapies [19], the 
COO classification is, therefore, of important 
 predictive impact in the management of 
DLBCL.  Moreover, some association has been 
reported between COO subtype and cytomor-
phology, site of origin, and age at diagnosis [2, 
5]. Particularly, centroblastic lymphomas are 
more often of GCB type, whereas immunoblas-
tic tumors more often display an ABC-like GEP  
[5]. The tumor cells in specific entities such as 
PCNSL or DLBCL of the leg are more often of 
the ABC-type [20]. Finally, the prevalence of 
ABC-type tumors appears to rise with age [21].

The distinction in ABC- and GCB-DLBCL 
has now been officially incorporated into the 
updated WHO classification and is strongly 
recommended in the clinical practice [1]. 
Because genome-wide molecular profiling is 
not available in all laboratories, a number of 
immunohistochemical algorithms have been 
developed over the past decades in order to pre-
dict DLBCL molecular subtype on routine for-
malin-fixed paraffin-embedded (FFPE) 
material. Among these classifiers, the most 
widely used is the so-called Hans algorithm 
[22] that utilizes expression of CD10, BCL6, 
and IRF4/MUM1 to distinguish GC and non-
GC DLBCL.  However, other algorithms have 
been proposed, which employ additional mark-
ers such as GCET1, FOXP1, and LMO2 [23]. 
While the use of immunohistochemical algo-
rithms is considered acceptable in the revised 
WHO classification, two major caveats have to 
be kept in mind: (1) these classifiers do not—at 
least formally—define an “unclassified” vari-
ant; (2) lack of reproducibility in the staining 
pattern and intensity has been frequently 
observed across different laboratories and 
 institutions [24]. Indeed, the individual 
immunohistochemistry- based algorithms are 
far from yielding identical results, even when 
applied on the same case series [25]. In order to 
overcome these limits, several low-density GEP 
platforms have been recently developed, which 
can be applied to FFPE material and provided 
reproducible results comparable to conven-
tional microarray-based GEP, thus showing 
promise as a routine diagnostic tool [26, 27].

2.2.4  Molecular Pathogenesis

Over the past decade, the rapid expansion of 
next-generation sequencing technologies has 
significantly advanced our understanding of the 
molecular pathogenesis of DLBCL. These stud-
ies revealed a remarkable complexity in the 
DLBCL coding genome, which harbors between 
30 and >100 lesions/case [28–31] and features 
approximately 150 candidate driver genes, as 
predicted in a recent study of over 500 cases 
[32]. Even greater complexity is expected to 
emerge as we start interrogating the noncoding 
portion of the DLBCL genome, including long 
noncoding RNAs, microRNAs, and promoter/
enhancer elements that could be targeted by 
ASHM.  Consistently, recent whole-genome 
sequencing studies uncovered clusters of muta-
tions at enhancers, which may reflect the activ-
ity of the AID cytidine deaminase [33, 34]. 
While only a subset of the identified lesions has 
undergone detailed functional characterization 
to date, these studies revolutionized our knowl-
edge of DLBCL biology, leading to the discov-
ery of several potential targets for therapy. Here 
we will focus on selected genetic alterations that 
are more frequently observed and have been 
functionally dissected (Fig. 2.3).

2.2.4.1  Genetic Lesions Found in Both 
GCB-DLBCL and ABC-DLBCL

Histone/chromatin modifier genes. A consis-
tent theme in recent DLBCL sequencing studies 
has been the discovery of recurrent mutations in 
genes encoding for histone/chromatin modifi-
ers, including methyltransferases, acetyltrans-
ferases, and linker histones [28–30]. Mutations 
of epigenetic modifiers (particularly, CREBBP 
and KMT2D) were shown to represent early 
events that are acquired by a common ancestral 
clone before final clonal expansion and, in the 
context of FL transformation, divergent evolu-
tion to FL or tFL [35–38], suggesting that these 
lesions contribute to the initial phases of 
lymphomagenesis.

Overall, ~30% of all DLBCL samples, with 
some enrichment for GCB-DLBCL, carry 
 mutations and/or deletions inactivating the 
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 acetyltransferase genes CREBBP (25%) and 
EP300 (5%) [39]. These two highly conserved and 
ubiquitously expressed enzymes catalyze the addi-
tion of acetyl groups to the lysine residues of mul-
tiple histone and nonhistone proteins implicated in 
diverse signaling and developmental pathways 
[40]. Mutations include prototypical loss-of-func-
tion events that truncate the CREBBP/EP300 
polypeptide, abolishing the histone acetyltransfer-
ase (HAT) domain, as well as amino acid changes 
that target the HAT domain, leading to diminished 
affinity for Acetyl- CoA and thus impaired enzy-
matic activity [39]. Of note, most of these events 
are heterozygous, and the residual  wild-type allele 
is expressed, implicating a  haploinsufficient 
tumor suppressor role. Indeed, reduced dosage of 
CREBBP/EP300 in mouse GC B cells was shown 
to cooperate with BCL2 deregulation to facilitate 

the development of FL [41]. Recent studies have 
started to unveil the mechanism by which these 
mutations contribute to neoplastic transformation. 
This involves in part the reduced ability of 
CREBBP to acetylate the oncoprotein BCL6, 
where acetylation serves as a negative modulator 
[42], and the tumor suppressor TP53, which, con-
versely, requires acetylation for its transcriptional 
activation [43, 44]. The balanced activity of these 
two proteins is fundamental for GC physiology 
and pathology and particularly for the regulation 
of DNA damage checkpoints during IG remodel-
ing processes [45]; thus, one consequence of 
BCL6 activity overriding p53 would be an 
increased tolerance for DNA damage in the 
absence of proper apoptotic responses. CREBBP 
opposes the activity of BCL6 also by acetylating 
H3K27 residues at the promoter/enhancer 

Naive
B cell

GCB-DLBCL ABC-DLBCL

Plasma cell

Memory B cell

Germinal Center

Plasmablast

PMBCL

Thymic
B cell

Ag

Dark zone Light zone

T cell

T cell

Thymus

FDC

GCB- and ABC-
DLBCL

epigenetic modification 
immune escape 

proliferation 
apoptosis 

BCL6 deregulation 
terminal differentiation 

NF-κB/BCR signaling
JAK/STAT signaling 

DNA damage response 
cell cycle other 

MLL2/MLL3 M

CREBBP/EP300 M/D

B2M/CD58 M/D

BCL6 Tx

MEF2B M

FOXO1 M

TP53 M

32-38

32

21-29

20-40

11

8

20

%

TNFAIP3 M/D

MYD88 M

CD79A/B M

CARD11 M

BCL2 Amp

PRDM1 M/D

CDKN2A/B D

30

30

20

9

24-30

25

30

% PDL1/2 Amp/Tx

JAK2 Amp

CIITA Tx

STAT6 M

SOCS1 M

TNFAIP3 M

TP53 M

PTPN1 M

49

30

38

36

45

36

20

%

20

BCL2 Tx/M

MYC Tx

EZH2 M

GNA13 M

BCL6 BSE1 M

PTEN D

miR17-92 G

34

10

22

25

15

6-11

6-12

%

Fig. 2.3 Most common genetic lesions in DLBCL, NOS and 
PMBCL. Postulated cell of origin for germinal center B-cell-
like (GCB) DLBCL, activated B-cell-like (ABC) DLBCL, 
and primary mediastinal B-cell lymphoma (PMBCL). The 
most common genetic alterations associated with these dis-

eases (including those shared across different subtypes and 
those subtype-specific) are shown, with color codes indicat-
ing the subverted biological pathway. Blue textbox, loss-of-
function; red, gain-of-function (Modified from Pasqualucci 
and Dalla-Favera, Semin Hematol, 2015) [18]
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sequences of most of its target genes, facilitating 
their transcription. This is particularly important 
for the commissioning of enhancers that need to be 
activated during the transition between GC and 
post-GC stages, when cells receive signals to 
down-regulate BCL6 and become plasma cells 
[41]. Reduced CREBBP acetyltransferase activity 
will impact on multiple biological programs that 
are critical to the normal GC reaction, with genes 
involved in GC exit being especially susceptible. 
The discovery of mutations in CREBBP and 
EP300 has clinical implications in view of avail-
able drugs (i.e., histone deacetylase inhibitors) that 
could provide therapeutic benefits by re-establish-
ing physiologic acetylation levels  in tumors carry-
ing these alterations.

Inactivating mutations of KMT2D (also known 
as MLL2) are found in approximately one third of 
DLBCL cases and >80% of FL cases, representing 
one of the most frequent genetic aberrations associ-
ated with GC-derived malignancies [28, 29]. 
KMT2D is a member of the SET1 family of histone 
methyltransferases and controls epigenetic tran-
scriptional regulation mostly by mono- and dimeth-
ylating the lysine 4 position of histone H3 (H3K4), 
a mark associated with active chromatin conforma-
tion [46]. In GC B cells, KMT2D occupies chroma-
tin domains at enhancer and less frequently at 
promoter regions of genes that have established 
roles in B-cell physiology, including immune regu-
lators and components of BCR and CD40 receptor-
mediated signaling responses [47, 48].

KMT2D mutations impair the protein methyl-
transferase activity by either removing the 
C-terminal cluster of conserved domains, includ-
ing the SET module (truncating mutations) [28, 
39], or by introducing disruptive amino acid 
changes in the same portion of the protein (mis-
sense mutations) [48]. In analogy to the human 
data, conditional B-cell-specific deletion of 
KMT2D before GC formation leads to a signifi-
cant increase in the GC B-cell population and to 
the establishment of a distinct transcriptional 
program enriched in anti-apoptotic and cell cycle 
regulatory genes [48]. While loss of KMT2D is 
insufficient to drive tumor formation, combined 
KMT2D deletion and BCL2 deregulation led to a 
significant increase in the development of lym-

phomas recapitulating the spectrum of pheno-
types observed during human FL to DLBCL 
transition [48].

Collectively, the findings accumulated to date 
suggest that alterations in epigenetic modifiers 
may act differently from classical tumor 
suppressor genes and facilitate the initial stages 
of transformation by creating a permissive 
environment for the proliferation and survival of 
the cancer clone, in cooperation with other 
genetic lesions (e.g., BCL2 translocations).

Deregulation of BCL6 activity. BCL6 is a 
master regulator of the GC reaction [49, 50], and 
deregulation of its activity constitutes a major 
oncogenic mechanism exploited by DLBCL 
cells. The function of BCL6 is required in normal 
GC B cells to negatively modulate multiple 
biological programs that are critical for allowing 
the selection of cells with high-affinity antigen 
receptors and include the establishment of a pro-
liferative phenotype, the attenuation of DNA 
damage sensing and replication checkpoints [45, 
51–53], the protection from programed cell death 
[54, 55], and the block of terminal differentiation 
[56]. These programs are hijacked by DLBCL 
cells through multiple genetic aberrations that 
dysregulate BCL6 function either directly or 
indirectly (Fig.  2.4). Approximately 30% of 
cases—with a preference for ABC-DLBCL 
[57]—carry chromosomal translocations that 
juxtapose the intact coding domains of BCL6 to 
heterologous sequences derived from over 20 
chromosomal partners (the IG heavy and light 
chain loci being most commonly involved) 
[58–61]. In an additional ~6% of cases, translo-
cations cluster at an alternative breakpoint region 
and link BCL6 to distantly acting transcriptional 
regulatory elements [62]. The common feature of 
these promoters is a broader activity that extends 
past the GC stage [63], thus preventing the down-
regulation of BCL6 transcription necessary for 
differentiation into post-GC B cells.

BCL6 is also altered by multiple somatically 
acquired mutations that are distributed within a 
~2  kb region downstream to its TSS, 
encompassing the first noncoding exon (~75% of 
cases). While most of these events reflect the 
physiologic activity of the SHM process [64, 65], 
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selected nucleotide changes within its 
untranslated first exon appear to be restricted to 
lymphoma cells, where they abrogate a negative 
autoregulatory feedback loop (10% of GCB- 
DLBCL cases) [66, 67] or prevent the IRF4- 
mediated BCL6 transcriptional repression 
induced by CD40 signaling in the GC LZ [68].

Besides genetic lesions directly affecting the 
BCL6 locus, several indirect mechanisms lead to 
deregulated BCL6 activity in DLBCL (Fig. 2.4). 
These include (1) inactivating mutations of 
CREBBP/EP300 (discussed above) [41, 42, 69]; 
(2) somatic mutations in the GC-specific tran-
scription factor MEF2B [28, 70], which enhances 
BCL6 expression in ~15% of cases, by abrogat-
ing the binding to the corepressor CABIN1 (mis-
sense mutations in the N-terminal MEF/MAD 
domain) or by generating truncated proteins that 
lack phosphorylation- and sumoylation-mediated 
negative regulatory motifs located in the 
C-terminal portion of the protein (truncating 
mutations) [70, 71]; and (3) loss-of- function 
mutations and/or deletions of the ubiquitin adap-
tor protein FBXO11 (~5% of cases), leading to 
increased BCL6 protein stability [72]. In line 

with the genetic data, mouse models recapitulat-
ing these lesions develop clonal lymphoprolifera-
tive disorders mimicking various stages of the 
human disease [41, 73, 74]. Collectively, these 
data highlight BCL6 as an attractive therapeutic 
target for DLBCL, with several in vitro and pre-
clinical studies showing promising results upon 
the use of small peptide inhibitors [75, 76].

Escape from immune surveillance. DLBCL 
cells have devised means to escape immune 
surveillance mechanisms, both cytotoxic T 
lymphocytes (CTL)-mediated and natural killer 
(NK) cell-mediated, by virtue of several genetic 
lesions. In approximately 60% of DLBCL 
clinical samples, the MHC class I complex is not 
expressed; this is explained in part by (1) biallelic 
inactivating mutations and/or focal homozygous 
deletions of the B2M gene, which encodes for 
β2-microglobulin and is required for assembly of 
the MHC-I complex on the cell surface (29% of 
cases), and (2) point mutations or genomic loss 
of the HLA A, B, and C loci [77]. In the remaining 
30–45% of cases, lack of expression or aberrant 
cytoplasmic localization of the B2M/HLA-I pro-
tein complex is observed in the absence of such 
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Fig. 2.4 Deregulation of BCL6 activity by genetic 
lesions in DLBCL. Recurrent genetic alterations deregu-
lating the function of BCL6 in DLBCL, either directly or 
indirectly. Representative biological programs modulated 
by BCL6  in the GC and disrupted as a consequence of 

these lesions are shown at the bottom. Symbols depict 
loss-of-function and gain-of-function genetic alterations 
(Modified from Pasqualucci and Dalla- Favera, Semin 
Hematol, 2015) [18]

L. Pasqualucci and G. Ott



49

genetic lesions, suggesting additional mecha-
nisms [78]. Interestingly, the loss of HLA-I 
expression is infrequently observed in other 
B-NHL types [77], but it is often associated with 
FL transformation [38, 79].

Nearly 20% of DLBCL cases carry disruptive 
point mutations and focal deletions inactivating 
CD58, the ligand for the CD2 receptor expressed 
on T cells and NK cells [80]. Notably, concurrent 
loss of HLA-I and CD58 expression is observed 
in over half of DLBCL samples, suggesting that 
lymphoma cells co-select these lesions to evade 
both arms of immune surveillance [78].

Finally, downregulation of MHC class II 
expression has been reported in 40–50% of sam-
ples [5, 81]. This phenotype involves at least in 
part the genetic inactivation of CIITA, the gene 
encoding for the MHC-II transactivator; CIITA 
was identified as a common target of ASHM in 
~23% of DLBCL and can also be implicated in 
promiscuous chromosomal rearrangements (3% 
of cases) that were shown to either disrupt the 
gene or generate dominant-negative fusion pro-
teins [82, 83]. Moreover, CIITA is a functional 
target of CREBBP, and reduced levels of MHC-II 
were observed in GC B cells from CREBBP con-
ditional knockout mice, suggesting that CREBBP 
mutations could also contribute to its downregu-
lated expression [41, 69, 84]. Reduced MHC-II 
levels were shown to correlate with poor outcome 
and may thus represent a relevant biomarker [5, 
81].

Mutations of FOXO1. The transcription fac-
tor FOXO1 plays central roles during B-cell dif-
ferentiation and, within the GC, is expressed 
specifically in the DZ, while its activity is down-
regulated in the LZ via the phosphatidylinositol 
3-kinase (PI3K)/AKT and mTOR cascade. 
FOXO1 is an essential requirement for sustain-
ing the DZ transcriptional program, in part by 
cooperating with BCL6. Accordingly, mice 
engineered to delete FOXO1 specifically in the 
GC form DZ-less structures [85, 86]. This cir-
cuit is disrupted in 8–10% of DLBCL cases that 
carry somatic mutations of this gene. FOXO1 
mutations mainly cluster around a T24 phos-
phorylation site required for its AKT-mediated 
nuclear-cytoplasmic translocation and inactiva-

tion; other events substitute the initiating methi-
onine of the FOXO1 polypeptide, leading to the 
synthesis of proteins that utilize a downstream 
in-frame start codon, and thus also lack the 
N-terminal nuclear export domain. These events 
were suggested to prevent the cytoplasmic 
translocation and inactivation of FOXO1 
induced by PI3K signaling [87]. While muta-
tions are preferentially enriched in GCB-
DLBCL, aberrant nuclear localization of the 
FOXO1 protein is observed in both DLBCL 
phenotypic subgroups (unpublished), implicat-
ing a broader involvement for FOXO1 dysregu-
lation in DLBCL pathogenesis. Clearly, 
additional studies will be needed to dissect the 
precise mechanism by which FOXO1 mutations 
contribute to lymphomagenesis, including a 
systematic examination of their consequences in 
the context of B cells and the analysis of larger 
cohorts to confirm the reported preferential 
enrichment of these mutations in patients with 
aggressive disease [87, 88].

2.2.4.2  Genetic Lesions Associated 
with GCB-DLBCL

Chromosomal translocations of BCL2. The 
BCL2 proto-oncogene encodes for the founding 
member of a protein family that governs com-
mitment to programmed cell death at the mito-
chondrion [89]. BCL2 is also a direct target of 
BCL6, which binds to its promoter via the tran-
scriptional co-activator Miz1 and prevents its 
expression in GC B cells, ensuring the mainte-
nance of a default pro-apoptotic programme [55, 
90]. This regulatory axis is disrupted in 30–40% 
of GCB-DLBCL due to the t(14;18) transloca-
tion, which brings the BCL2 coding exons under 
the control of potent regulatory elements from 
the IG locus, resulting in its ectopic expression 
[91]. As a consequence, BCL2 also becomes tar-
geted by multiple AID- mediated somatic muta-
tions, although the significance of these events 
remains controversial [90, 92]. In line with its 
ability to confer survival advantage, deregula-
tion of BCL2 has been associated with an infe-
rior outcome [93], particularly when coupled 
with MYC deregulation (see paragraph on 
“HGBL-DH”).
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Chromosomal translocations of MYC. The 
MYC gene encodes for a sequence-specific tran-
scription factor that acts as an amplifier of tran-
scriptional programs associated with numerous 
biological functions, ranging from proliferation to 
cell growth, energy metabolism, differentiation, 
apoptosis [94], and DNA replication independently 
of its transcriptional activity [95]. In 10–14% of 
GCB-DLBCLs, the MYC protein is constitutively 
expressed due to chromosomal translocations that 
fuse its intact coding exons to the IG heavy or light 
chains loci [96–99]. Besides juxtaposing enhancer 
elements in close proximity of the MYC locus, a 
subset of these rearrangements abrogates regula-
tory sequences bound by BCL6 to negatively mod-
ulate its transcription in most GC cells [100]. The 
presence of MYC-IGH translocations has been 
linked with worse prognosis in DLBCL [101].

Mutations of the EZH2 methyltransferase. 
EZH2 encodes for the enzymatic component of 
the polycomb repressive complex-2 (PRC2), 
which is responsible for trimethylating the lysine 
27 residue of histone H3 (H3K27me3) at the pro-
moter/enhancer regions of silenced or poised 
genes [102–104]. In GC B cells, EZH2 facilitates 
the establishment of bivalent domains [105] in 
multiple genes that are critical for the termination 
of the GC reaction (IRF4, PRDM1) or for other 
GC programs (CDKN1A) [106, 107]. In line with 
these essential functions, conditional deletion of 
EZH2 in the mouse was sufficient to prevent GC 
formation and affinity maturation [106, 107].

Somatic heterozygous mutations of the EZH2 
gene have been identified in up to 22% of GCB- 
DLBCL [108]. The vast majority of these events 
replace a single evolutionarily conserved residue 
(Y641) within the protein SET domain, leading 
to increased levels of H3K27me3 through altered 
catalytic specificity of EZH2 for its substrates 
[109–111]. Consistently, expression of the 
mutant EZH2Y641F allele in the mouse induces GC 
hyperplasia and, when combined with BCL2 
deregulation, accelerates the development of 
mature B-cell lymphomas [106, 107]. Of note, 
selective small molecule inhibitors of EZH2 have 
shown specific activity in preclinical studies 
 particularly in GCB-DLBCL [106, 112, 113], 
supporting their evaluation in early clinical trials. 
Indeed, a recent first-in-human phase II trial eval-

uating a highly selective EZH2 inhibitor showed 
promising results in patients with FL and, to less 
extent,  relapsed/refractory DLBCL [114].

Mutations of the Gα13 pathway. The position-
ing and confinement of GC B cells within the 
B-cell follicle is regulated by the activity of two 
G-protein-coupled receptors that, among B-cell 
types, are expressed specifically in the GC: sphin-
gosine-1-phosphate receptor 2 (S1PR2) [115] and 
the orphan purinergic receptor P2Y, G-protein-
coupled 8 (P2RY8) [116]. These receptors recruit 
two closely related G proteins (Ga12 and Ga13) in 
response to lipid ligands and stimulate Rho activ-
ity via specific guanine nucleotide exchange fac-
tors (Rho-GEFs), ultimately suppressing pAKT 
signaling and cell migration. The importance of 
the Gα13 inhibitory circuit in the pathogenesis of 
GCB-DLBCLs is underscored by the presence of 
recurrent inactivating mutations in several of its 
components, including S1PR2, GNA13, and, more 
rarely, ARHGEF1 and P2RY8 (~20% of cases) 
(Fig. 2.5) [28, 30, 116]. Consistently, deletion of 
these genes in the mouse is associated with 
increased GC B-cell survival and disruption of the 
GC architecture, followed by dissemination of GC 
B cells to the lymph and bone marrow; with time, 
GNA13, ARHGEF1, and S1PR2 [117] knockout 
mice develop lymphomas exhibiting features of 
GCB-DLBCL [116]. Disruption of this pathway 
may thus contribute to malignant transformation 
by abrogating Gα13-mediated inhibitory signals 
to both cell migration and AKT signaling.

Mutations of TNFRSF14. TNFRSF14 is a 
member of the TNF receptor superfamily 
expressed in both T and B cells, which emanates 
inflammatory or inhibitory signals depending on 
its specificity for diverse ligands [118]. In 9–22% 
of DLBCL, almost exclusively of the GCB type, 
missense (~50%), nonsense (~40%), and frame-
shift (2.5%) mutations target the exons encoding 
for its ectodomain, leading to functional inactiva-
tion (Fig. 2.5). Additionally, TNFRSF14 is part 
of a genomic region that is frequently deleted on 
chromosome 1p36. A tumor suppressor function 
for this gene during DLBCL development was 
recently demonstrated in a BCL2-driven mouse 
model where silencing of Tnfrsf14 induced cell 
autonomous activation of B-cell proliferation 
and  enhanced the development of GC-derived 
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lymphomas [119]. Loss of TNFRSF14 contrib-
utes to tumorigenesis by inhibiting cell-cell inter-
actions between TNFRSF14 and its ligand 
BTLA, thus inducing a supportive microenviron-
mental niche characterized by lymphoid stroma 
activation and increased recruitment of T follicu-
lar-helper cells. Consistent with this model, 
TNFRSF14 mutations and BTLA downregula-
tion are largely mutually exclusive in FL, 
although no studies have investigated this aspect 
in DLBCL.  Of note, administration of soluble 
HVEM to  BTLA- expressing lymphoma cells 
in  vitro was able to restore this circuit and to 
inhibit cell growth, while local production by 
modified CAR-T cells in vivo led to the signifi-
cant reduction of established lymphomas [119].

Other Lesions. While the multitude of genetic 
alterations associated with DLBCL prevents their 
comprehensive and detailed description, loss of the 
tumor suppressor PTEN, amplifications of the REL 
gene, and mutations of SGK1 should be mentioned 
because of their frequency and/or potential thera-
peutic implications. Approximately 55% of GCB-
DLBCL, as compared to 14% of ABC-DLBCL, 
lack expression of PTEN [120], due in part to the 
presence of mutually exclusive 10q chromosomal 
deletions and amplifications of the oncogenic miR-
17-92 micro-RNA cluster (collectively, ~20% of 
patients) [17]. This pattern was inversely corre-
lated with activation of the PI3K/AKT pathway 
and sensitivity to pharmacologic PI3K inhibition, 
uncovering potential therapeutic opportunities 
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Fig. 2.5 Disrupted signaling pathways in GCB- 
DLBCL.  Genetic lesions preferentially associated with 
GCB-DLBCL include chromosomal translocations of 
BCL2 and/or MYC, which cause their ectopic expression 
in part by bypassing BCL6-mediated transcriptional 
repression; chromosomal translocations (15% of cases) 
and point mutations (10% of cases) of BCL6, leading to 
its deregulated expression; gain-of-function mutations of 

EZH2 (~20% of cases), which induce epigenetic remodel-
ing in various lymphoma-relevant genes, such as 
CDKN1A, in part cooperating with BCL6. Additionally, 
loss of PTEN expression is observed in 55% of cases, as a 
consequence of genetic deletions (15%) and amplifica-
tions of miR17-92 (%), resulting in activation of the PI3K/
Akt/mTOR signaling pathway
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[120]. Also largely restricted to GCB-like DLBCL 
is the presence of chromosome 2p amplifications 
encompassing the REL gene, which encodes for a 
subunit of the NF-κB transcription complex. 
Finally, mutations of SGK1, presumably reflecting 
the aberrant activity of SHM, were found specifi-
cally in this phenotypic subgroup. The SGK1 genes 
encode for a PI3K-regulated kinase implicated in 
the control of FOXO transcription factors [121], 
NF-κB [122], and NOTCH signaling [123], but the 
functional consequences of these mutations remain 
unaddressed.

2.2.4.3  Genetic Lesions Associated 
with ABC-DLBCL

Alterations sustaining constitutive activation of 
the NF-κB signaling pathway. The genetic hall-
mark of ABC-DLBCL is the presence of multiple 
genetic aberrations that lead to the constitutive 
activation of the NF-κB signaling pathway, down-
stream of the BCR signaling cascade and the Toll-
like receptor (TLR)/IL1R pathway (Fig. 2.6).

Mutations in the BCR signaling pathway. Most 
ABC-DLBCL cells are characterized by a “chronic 
active” form of BCR signaling associated with the 
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Fig. 2.6 Disrupted signaling pathways in ABC- 
DLBCL. Multiple genetic alterations cluster around two 
main biological programs in ABC-DLBCL: constitutive 
activation of the NF-κB transcription complex and block 
of plasma cell differentiation. NF-κB activity can be 
induced by a variety of signals in GC LZ cells, including 
engagement of the BCR by the antigen, interaction of the 
CD40 receptor with the CD40L presented by T cells, and 
TLR activation, which all lead to the upregulated expres-
sion of its target genes (e.g., IRF4 and A20). IRF4, in turn, 
extinguishes the GC program by suppressing BCL6 and 

thus releasing the expression of the plasma cell master 
regulator PRDM1/BLIMP1. NF-κB responses are then 
terminated in part by a negative feedback loop that 
requires the activity of A20. Subversion of the BCR and 
NF-κB signaling pathways may fuel malignant transfor-
mation by hijacking the anti-apoptotic and pro- 
proliferative functions of NF-κB while blocking terminal 
B-cell differentiation through mutually exclusive altera-
tions deregulating BCL6 or inactivation of BLIMP1 
(Modified with permission from Pasqualucci and Dalla- 
Favera, Semin Hematol, 2015) [18]
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presence of clustered BCRs on the plasma mem-
brane, similar to those formed in antigen-stimu-
lated B cells. This signaling cascade requires 
CARD11 and is sustained in part by somatic muta-
tions in the CD79A/B genes [124]. In particular, 
20% of ABC-DLBCL patients harbor gain-of-
function somatic variants in the immunoreceptor 
tyrosine-based activation motifs (ITAMs) of 
CD79B (or, rarely, CD79A) [124]. Most of these 
events replace the first tyrosine residue (Y196) in 
the cytoplasmic tail of the two BCR subunits and 
are thought to maintain BCR signaling chronically 
active by attenuating the phosphorylation and acti-
vation of the Lyn kinase, which is necessary for 
internalization of the surface BCR and serves as a 
negative feedback regulator.

In ~9% of ABC-DLBCL, activation of the BCR 
and NF-κB signaling cascade can be attributed to 
oncogenic mutations of CARD11 [125]. The 
CARD11 protein is a component of the CBM 
complex that is coordinately recruited to transduce 
signals emanating from the BCR [126]. Missense 
mutations typically target the CARD11 coiled-coil 
domain, facilitating the formation of cytosolic 
aggregates and the recruitment of downstream 
effector molecules, ultimately enhancing its ability 
to transactivate NF-κB target genes [125].

The genetic lesions discussed above maintain, 
yet do not initiate, chronic active BCR signaling, 
which instead was recently shown to require 
engagement by self-antigens [127]. The depen-
dence of ABC-DLBCL from the BCR signaling 
pathway is underscored by the preferential sensi-
tivity of these tumors to agents that inhibit 
Bruton’s tyrosine kinase (BTK), the molecule 
linking BCR to NF-κB, even in the absence of 
mutations targeting CD79A/B [128].

Mutations of the MYD88 gene. MYD88 
encodes an adaptor molecule that mediates acti-
vation of NF-κB as well as type I interferon 
responses downstream the TLR signaling path-
way [129]. Thirty percent of ABC-DLBCLs carry 
a hotspot L265P substitution within the protein 
TIR (Toll/IL1 receptor) domain, which was 
shown to induce the spontaneous assembly and 
activation of a protein complex containing the 
kinases IRAK1 and IRAK4, leading to engage-
ment of the NF-κB signaling pathway [130]. 

MYD88-mutated DLBCL cases also show auto-
crine transcriptional activation of the JAK/STAT3 
signaling cascade, another distinctive phenotype 
of ABC-DLBCL required for their survival [130, 
131]. The significance of other MYD88 muta-
tions found in both ABC- and GCB-DLBCL 
remains to be established. Importantly, MYD88-
mutant DLBCL are not sensitive to BTK inhibi-
tion, but this treatment was exquisitely toxic to 
tumors carrying concurrent MYD88 and 
CD79A/B mutations, suggesting functional inter-
action between these two molecules [128].

Mutations of the TNFAIP3 gene. TNFAIP3 
(also called A20) encodes a dual function ubiqui-
tin-modification enzyme involved in the termina-
tion of NF-κB responses triggered by TLR and 
BCR stimulation. This protein removes K63- 
linked regulatory ubiquitins from a number of 
substrates via its OTU domain and subsequently 
conjugates K48-linked ubiquitins via its zinc fin-
ger domains, targeting these proteins for protea-
somal degradation. In line with this, TNFAIP3 
knockout mice show abnormally prolonged 
NF-κB responses associated with an overactive 
phenotype [132]. Almost one third of ABC-
DLBCLs and fewer GCB-DLBCLs harbor bial-
lelic truncating mutations and/or focal deletions 
that inactivate the function of TNFAIP3, leading 
to constitutively active NF-κB responses [133, 
134]. A tumor suppressor role for this gene  in 
ABC-DLBCL is supported by the observation 
that enforced expression of wild-type TNFAIP3 in 
TNFAIP3-null DLBCL cell lines results in cyto-
plasmic re-localization of the NF-κB complex 
and suppression of its activity, leading to apopto-
sis [133, 134].

At lower frequencies, a variety of other genes 
encoding for NF-κB positive and negative regula-
tors have been found mutated in ABC- DLBCL, 
overall accounting for more than 50% of cases 
[133]. It should be considered that, since the 
BCR emanates signals to multiple downstream 
effectors besides canonical NF-κB (namely, 
PI3K, ERK, and NF-AT), the activation of these 
circuits could also represent vulnerabilities of the 
tumor cells. This may offer additional therapeutic 
opportunities based on the design of combinato-
rial strategies, as supported by the cooperative 
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toxicity observed upon combined inhibition of 
NF-κB and PI3K [125].

Genetic lesions preventing terminal differen-
tiation. A second pathogenic mechanism in ABC-
DLBCL is blockade of post-GC differentiation. 
Indeed, these tumors derive from a GC B cell that 
has received signals to commit to plasma cell dif-
ferentiation but is arrested at the plasma blast 
developmental stage due to a variety of genetic 
and epigenetic mechanisms abrogating the func-
tion of the plasma cell master regulator PRDM1/
BLIMP1 (Fig. 2.6). In 25% of patients, both cop-
ies of the PRDM1 gene are lost owing to truncat-
ing mutations, loss-of-function missense 
mutations, and/or genomic deletions [135–137]. 
Another 25% of patients lack BLIMP1 expression 
as the result of direct transcriptional repression by 
constitutively active, translocated BCL6 alleles 
[135]. Alternative modes of inactivation could 
explain the absence of BLIMP1 in the remaining 
large fraction of cases, including epigenetic 
silencing or high expression of the ETS family 
factor SPIB.  Consistent with this model, condi-
tional ablation of PRDM1 in mouse GC B cells, 
either alone or in combination with a constitu-
tively active IκB kinase, leads to the development 
of DLBCL with ABC-like phenotype [135, 138]. 
BCL6 rearrangements and PRDM1 inactivation 
are mutually exclusive [34, 35], supporting a 
complementary role for these lesions in fostering 
lymphomagenesis.

Other genetic lesions. Additional recurrent 
alterations include amplifications of the BCL2 
locus, observed in more than one third of patients 
[5, 17], homozygous deletions or lack of expres-
sion of the CDKN2A/B tumor suppressor genes 
(30% of cases) [17], and gains or amplifications 
of a large region on chromosome 19q (27% of 
cases), which spans the SPIB locus and may con-
tribute to the elevated expression of this protein 
observed in DLBCL [17].

2.3  High-Grade B-Cell 
Lymphomas

The fourth edition of the WHO classification of 
hematolymphoid tumors of 2008 has coined the 
provisional category of “B-cell lymphoma, 

unclassifiable, with features intermediate between 
DLBCL and BL,” or so-called grey zone lym-
phoma [139]. These lymphomas were defined 
because of their intermediate morphological, 
immunohistochemical, and genetic features 
encompassing features of both DLBCL and 
Burkitt lymphoma. However, this category was 
poorly reproducible, and, owing to the fact that 
around 60% of greyzone lymphomas harbor dou-
ble or triple hits involving MYC and BCL2 and/or 
BCL6, research had mainly focused on the dou-
ble-/triple-hit subcategory. In the 2017 update of 
the fourth edition, this provisional category has 
been replaced by two new categories: high- grade 
B-cell lymphoma with MYC and BCL2 and/or 
BCL6 rearrangements (or HGBL-DH) and high-
grade B-cell lymphoma, not otherwise specified 
(HGBL-NOS), which by definition lacks a dou-
ble- or triple-hit constellation involving MYC but 
may be MYC-rearranged [1]. Most patients with 
HGBL will present at higher age and with aggres-
sive and/or extensive disease, and bone marrow 
and extranodal involvements are common, as are 
elevated lactate dehydrogenase (LDH) levels.

2.3.1  High-Grade B-Cell Lymphoma 
with MYC and BCL2 and/or 
BCL6 Rearrangements 
(HGBL-DH)

The diagnosis of these tumors as a new WHO 
category relies exclusively on the presence of 
rearrangements involving both MYC and BCL2 
and/or BCL6 (previously known as double-hit 
DLBCL). In contrast, DLBCL featuring high- 
level amplifications, copy number alterations, or 
elevated protein expression of MYC will not be 
included in this category. Therefore, by defini-
tion, HGBL-DH encompasses the following 
morphological cases:

• Tumors with the morphology of DLBCL and a 
double (DH) or triple hit (TH) (Fig. 2.7a)

• Tumors that, in the former taxonomy, would 
have been classified as “unclassifiable with 
features intermediate between DLBCL and 
BL” harboring dual rearrangements involving 
MYC (Fig. 2.7b)
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• Cases with blastoid cytomorphology and a 
double- or triple-hit genetic constitution 
(Fig. 2.7c)

One important new concept of the updated 
WHO classification is that DLBCLs with a DH or 
TH genetic constitution will be reclassified as 
HGBL-DH. Consequently, all DLBCL would be 
required to undergo FISH testing in order to iden-
tify and classify these cases. The update of the 
WHO classification, however, does not formally 
require FISH testing on all DLBCL; therefore, 
pathologists may preselect cases according to a 
variety of criteria in order to minimize the efforts 
inherent to extensive FISH testing.

With the probable exception of cases display-
ing immunoblastic morphology and cases with a 
higher number of tumor cells expressing nuclear 

MYC [140], HGBL—DH/TH are virtually indis-
tinguishable from bona fide DLBCL upon mor-
phology. Cases with blastoid cytomorphology 
have a lymphoblast-like appearance and, there-
fore, may require a differential diagnosis with 
B-cell lymphoblastic leukemia/lymphoma or the 
blastoid variant of mantle cell lymphoma. More 
frequently, cases transformed from preexisting or 
concurrent follicular lymphoma with secondary 
MYC rearrangement will have this appearance. 
The latter tumors are classified as transformed 
follicular lymphomas with dual MYC and BCL2 
rearrangements and blastoid cytomorphology. 
Finally, tumors previously classified as greyzone 
lymphomas consist of predominantly medium- 
sized cells in between the size of Burkitt  
lymphoma and DLBCL cells, but featuring a 
more pleomorphic cytology than BL, and will 

a b

c

Fig. 2.7 (a) High-grade B-cell lymphoma, featuring 
large tumor cells of varying size and moderately 
pleomorphic nuclei equivalent to a DLBCL. (b) Double- 
hit DLBCL showing medium-sized cells with narrow 
cytoplasm and round, only slightly polymorphic nuclei. 
This tumor would have been classified as “B-cell 

lymphoma, unclassifiable, with features intermediate 
between DLBCL and BL” in the 2008 WHO classification. 
(c) High-grade B-cell lymphoma with MYC/BCL2 
translocation, transformed from FL. This tumor features 
blastoid cells with small to intermediate size and finely 
dispersed nuclear chromatin
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 occasionally show a starry-sky pattern [139]. 
Cases with a MYC and BCL6 double hit are 
almost exclusively of the GCB type, and, because 
of their particularly poor clinical outcome, they 
represent an unmet clinical need within this oth-
erwise favorable prognostic category of 
DLBCL.  Some clinico-pathological differences 
have been recorded between MYC-BCL2 and 
MYC-BCL6 DH tumors [141, 142].

2.3.2  High-Grade B-Cell Lymphoma 
Not Otherwise Specified 
(HGBL-NOS)

This new category mainly includes the former 
greyzone or high-grade B-cell lymphomas, 
unclassifiable, with features intermediate 
between DLBCL and BL, which lack a genetic 
DH or TH constellation. Morphologically, these 
cases are composed of predominantly medium- 
sized or blastoid cells with a narrow cytoplasmic 
rim, round nuclei slightly more pleomorphic than 
those of Burkitt lymphoma, a finely dispersed 
nuclear chromatin, and inconspicuous nucleoli, 
sometimes in combination with a starry-sky pat-
tern (Fig. 2.8). HGBL-NOS often shows a GCB-
like GEP, although some cases are of 

ABC-DLBCL type based on either GEP or 
immunohistochemical algorithms. By virtue of 
their definition, these tumors may carry isolated 
MYC, BCL2, or BCL6 rearrangements and may 
also show dual BCL2 and BCL6 rearrangements. 
It has to be noted that tumors showing the classi-
cal morphology of DLBCL and harboring iso-
lated MYC rearrangements will continue to be 
diagnosed as DLBCL and do not fall into the 
HGBL-NOS category [1].

2.4  Other Lymphomas of Large 
B Cells and Special Subtypes/
Variants

2.4.1  T-Cell/Histiocyte-Rich Large 
B-Cell Lymphoma

T-cell/histiocyte-rich large B-cell lymphoma 
(THRLBCL) is defined as a DLBCL variant with 
few scattered tumor cells and an abundant reac-
tive background consisting of T cells and histio-
cytes. The median age at presentation is in the 
sixth to seventh decade of life, but this variant 
may also be seen in children. There is a male pre-
dominance. THRLBCL is a primarily nodal dis-
ease and often presents with high-stage and bone 

Fig. 2.8 Bone marrow 
biopsy of a high-grade 
B-cell lymphoma, NOS, 
displaying diffuse 
infiltration by medium- 
sized blasts. Cytogenetic 
analysis in this case was 
positive for a MYC 
translocation, but no 
alterations of BCL2 or 
BCL6 were seen
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marrow involvement. On morphology, there is 
complete effacement of the underlying architec-
ture, with large lymphoid cells scattered in a pre-
dominantly reactive background of activated 
lymphocytes and histiocytes. The tumor cells in 
THRLBCL make up less than 10% of the whole 
cell population, without clusters or sheets 
(Fig. 2.9). Presence of an even focal component 
of NLPHL excludes de novo THRLBCL (see 
above). The cytomorphology of the tumor cells is 
centroblastic, immunoblastic, or LP or HRS cell- 
like. The tumor cells express pan B-cell markers, 
are negative for CD30 and CD15, and often co-
express BCL6 and EMA.  In the background, 
CD3-positive cells usually express CD8 and 
TIA1. THRLBCL shows clonally rearranged IG 
genes, and roughly one quarter of the cases has 
BCL2 rearrangements. EBV is negative in the vast 
majority of cases. In some cases, a biological 
overlap to progressed variants of nodular lympho-
cyte predominant Hodgkin lymphoma (NLPHL) 
is suggested [143]. Malignant lymphomas with 
features of THRLBCL have been observed in pro-
gression of or as secondary lymphomas that 
develop after NLPHL. Diffuse variants of NLPHL 
may bear close similarity to THRLBCL, and 
therefore it is not clear whether predominantly 
diffuse NLPHL and THRLBCL may be repre-
senting a spectrum of the same disease or whether 
THRLBCL could represent transformation of 
NLPHL [144, 145]. Cases with T-cell/histiocyte-

rich areas in NLPHL are designated as THRLBCL-
like transformation of NLPHL in the revised 
fourth edition of the WHO classification.

2.4.2  Intravascular Large B-Cell 
Lymphoma

Intravascular large B-cell lymphoma (IVLBCL) 
is a DLBCL subtype in which blastic tumor cells 
are seen exclusively—or at least predomi-
nantly—within the lumina of small-sized blood 
vessels [146]. The lymphoma is rare, predomi-
nantly occurring in older patients with a peak in 
the seventh decade. IVLBCL can be seen in all 
organs, but most commonly in the CNS, skin, 
kidney, lung, and liver. Clinical symptoms are 
often nonspecific and related to the site of 
infiltration, such as cerebrovascular dysfunction. 
Involvement of the bone marrow is rare. A par-
ticular variant associated with hemophagocytic 
syndrome has been described in Asian patients.

Histologically, medium-sized to large lym-
phoma cells with varying cytological appearance 
are seen in often dilated lumens of small to inter-
mediate-sized vessels (Fig. 2.10a, b). There may 
be secondary changes such as thrombosis or 
endothelial hyperplasia, causing infarction and 
hemorrhage. The tumor cells express pan B-cell 
markers and may be positive for CD5, CD10, 
and/or BCL6. Clonal IGH rearrangements are 

a b

Fig. 2.9 T-cell/histiocyte-rich large B-cell-lymphoma 
(THRLBCL). In this tumor, rare large B blasts highlighted 
in a CD20 stain are seen in a background of small and 

slightly activated reactive T cells and histiocytes (a). Of 
importance, no small B cells are present. (b) H&E 
staining
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usually found. The majority of cases show a non-
GCB immunophenotype, and no specific cytoge-
netic alteration has been defined so far [139].

2.4.3  Plasmablastic Lymphoma

Plasmablastic lymphoma (PBL) is defined as 
a   terminally differentiated B-cell neoplasia. 
Morphologically, it consists of immunoblastic or 
plasmablastic cells. The negativity of the tumor 
cells for the CD20 antigen is a hallmark defining 
feature [139]. PBL frequently occurs in adults with 
immunodeficiency states (most commonly HIV 
infection) but may also be seen in the setting of 
posttransplantation or autoimmune disorders. In 
addition, these tumors are also diagnosed in 
patients without any apparent immunodeficiency. 
PBL frequently arises in extranodal sites, mainly of 
the head and neck and often in the oral cavity, in 
which it was primarily described [147]. Other 
involved locations are the upper respiratory tract, 
gastrointestinal tract or soft tissues, skin, bone, 
lung, and lymph nodes. The latter localization is 
often characteristic in PBL occurring in a post-
transplantation setting. Most patients are diagnosed 
in higher clinical stages (III/IV), but this is less 
apparent in patients without immunodeficiency. In 
general, the prognosis is poor.

PBL may demonstrate monomorphic cytologi-
cal features or plasmacytoid differentiation. 
The  common variant of PBL shows a diffuse 

 proliferation of cohesively growing immunoblasts 
or plasmablasts, whereas in cases of plasmacytoid 
differentiation, the cells are rounder with more 
eccentric nuclei and abundant basophilic cyto-
plasm. In some cases, a starry-sky pattern may be 
seen, and there may be extensive necrosis. On 
immunophenotyping, the tumor cells are negative 
for CD45, CD20, and PAX5. Expression of 
CD79A is variable. Plasma cell-associated mark-
ers are regularly expressed (CD38, CD138, IRF4/
MUM1, and others such as BLIMP1 and XBP1). 
EMA is frequently positive and CD56 expression 
may be seen in some cases. The proliferative 
index is high. BCL2 and BCL6 are usually not 
expressed [148]. EBV association may be seen in 
roughly 70% of cases, in most of the tumors with 
a latency type I pattern. HHV8 is always negative. 
Genetic analyses frequently show complex karyo-
types, and MYC translocationsc to the IG genes 
have been seen in 50% of the cases [149]. These 
cells express the MYC protein, circumventing the 
BLIMP1-mediated suppression of its transcrip-
tion usually encountered in plasma cells.

2.4.4  ALK-Positive Large B-Cell 
Lymphoma

ALK-positive large B-cell lymphoma is an 
uncommon subtype of DLBCL that shares 
with plasmablastic lymphoma its frequent immu-
noblastic-plasmablastic morphology and protein 

a b

Fig. 2.10 Intravascular large B-cell lymphoma. (a) 
Hematoxylin-eosin (H&E) staining of a lung biopsy 
showing dense infiltrations of medium- to large-size 

tumor cells in distended capillary vessels of the alveolar 
septa. (b) CD20 staining of the same sample highlights 
the intravascular localization of the tumor cells
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expression phenotype. In addition, ALK+ 
DLBCL strongly expresses the ALK protein. It 
occurs predominantly in young adults, but there 
is a broad age range at presentation. Generalized 
disease is common, and no obvious association 
with immunodeficiency states has been reported. 
The majority of patients have high-stage (III/IV) 
disease, and the tumor is aggressive with short 
5-year overall survival.

The tumor cells feature an immunoblastic or 
plasmablastic appearance with vesicular nuclei 
and frequently a large central nucleolus 
(Fig. 2.11a). One characteristic architectural fea-
ture is a sinusoidal growth pattern in many cases, 
creating a differential diagnosis with carcinoma. 
CD20, CD79A, and PAX5 are usually negative, 
but the tumor cells express CD45, EMA, IRF4/
MUM1, immunoglobulin light chain genes and 
often IgA.  In addition, CD138, BLIMP1, and 
XBP1 are usually positive. CD30 is negative or 
only weakly expressed [150]. All cases are EBV- 
and HHV8-negative. By definition, the ALK 
kinase is expressed, usually in the cytoplasm 
with a granular pattern (Fig.  2.11b), and these 
cases frequently harbor ALK-CLTC transloca-
tions [150–152]. Tumors with the classical ALK-
NPM translocation inferring nuclear and 
cytoplasmic expression of the ALK protein are 
rare. ALK activation leads to upregulation of the 
STAT3 pathway, and ALK- positive LBCL 
express high levels of phospho- STAT3. STAT3, 

in turn, upregulates MYC and also BLIMP1. 
Consistently, ALK-positive LBCLs also express 
the MYC protein, but do not harbor MYC translo-
cations [153].

2.4.5  Primary Mediastinal (Thymic) 
Large B-Cell Lymphoma

Primary mediastinal (thymic) large B-cell lym-
phoma (PMBCL) is regarded as a distinct sub-
type of DLBCL with organotypic features. The 
tumor usually presents in the upper anterior 
mediastinum of predominantly young adults, 
with a median age of 35 years and a female to 
male ratio of 2:1. The tumor can invade into 
neighboring structures such as the thoracic wall, 
the pericardium, the pleura, and the lung. 
Symptoms are related to the often bulky medias-
tinal mass, such as superior vena cava obstruc-
tion, dyspnea, and chest pain [139]. More 
recently, cases with a gene expression profile of 
PMBCL have also been described outside the 
mediastinum [154].

On morphology, the tumor shows a diffuse 
infiltration of medium-sized to large blastic cells 
that have a variable cytological appearance 
(Fig. 2.12) [155]. Centroblastic, immunoblastic, 
anaplastic, or Hodgkin- and Reed-Sternberg-like 
cells may occur, and a clear cell morphology is 
not infrequent [156]. One hallmark feature of 

a b

Fig. 2.11 ALK-positive large B-cell lymphoma. (a) 
H&E staining shows large tumor cells reminiscent of 
immunoblasts with a certain cohesiveness featuring 
abundant cytoplasm and slightly eccentric nuclei. CD20 

negativity of the tumor cells suggested plasmablastic 
differentiation. (b) ALK staining reveals positivity in the 
cytoplasm of the tumor cells with granular reactivity that 
is characteristic of an ALK-CLTC fusion
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PMBCL is background sclerosis with delicate 
or coarse collagen fibers encompassing small 
groups of lymphoma cells in a way “compart-
mentalizing” the infiltrate. The immunopheno-
type, although not specific to PMBCL, is 
characteristic, frequently showing co-expres-
sion of CD30 and CD23, with pan B-cell mark-
ers and absent expression of MHC class I and II 
antigens [139]. Another feature characteristic of 
PMBCL is expression of the MAL protein [157].  
PMBCL displays a unique GEP that is closer to 
that of classical Hodgkin lymphoma and reflects 
the origin from a thymic, GC-experienced B cell 
(with particular asteroid morphology) [158, 
159].

Molecular Pathogenesis. The core biology of 
PMBCL is defined by a constellation of somatic 
mutations, copy number changes, and genomic 
rearrangements that lead to deregulation of the 
JAK-STAT and NF-κB signaling pathways, as 
well as to acquired immune privilege [82, 160–
163] (Fig. 2.3).

Constitutive activation of the JAK-STAT sig-
naling pathway, a signature identified by gene 
expression profiling analysis and shared with 
classical Hodgkin lymphoma (cHL), is the 
result of both paracrine interleukin receptor-
mediated signaling [164] and genetic altera-

tions, including amplification of JAK2 (>50% 
of patients) [163, 165], deletions or inactivat-
ing mutations of the negative regulators SOCS1 
(45% of cases) [166] and PTPN1 (22% of cases) 
[160], and mutations of STAT6. Amplification 
of chromosomal region 9q24 is a genetic hall-
mark of both PMBCL and cHL and spans mul-
tiple genes of possible pathogenic significance, 
in addition to JAK2, namely, CD274 (PDL1), 
PDCD1LG2 (PDL2), and JMJD2C. The latter 
encodes a demethylase that removes histone H3 
lysine 9 trimethylation marks, interfering with 
the recruitment of HP1α and heterochromatin 
formation [167]. Interestingly, phosphoryla-
tion of JAK2 also contributes to an active chro-
matin conformation by phosphorylating both 
histone H3 and HP1α [168]. Thus, activation 
of JAK-STAT signaling may act synergisti-
cally with acquired immune privilege (through 
PDL1/2) and chromatin remodeling (through 
JMJD2C) in the pathogenesis of PMBCL [161]. 
SOCS1 mutations abrogate SOCS box func-
tion leading to hyperphosphorylation of JAK2 
and STAT5 [166], while mutations of PTPN1, 
encoding a non- receptor member of the pro-
tein tyrosine phosphatases superfamily named 
PTP1B, impair its phosphatase activity caus-
ing hyperphosphorylation of STAT molecules. 

Fig. 2.12 Mediastinal 
(thymic) large B-cell 
lymphoma. This biopsy 
shows large blastic B 
cells diffusely 
infiltrating the 
mediastinal tissue. Note 
the slight fibrosis in the 
background

L. Pasqualucci and G. Ott



61

Consistent with these data, STAT6 phosphoryla-
tion has been suggested as a reliable marker for 
the differential diagnosis of PMBCL from other 
large cell lymphomas [169]. Finally, recurrent 
mutations of the transcription factor STAT6 are 
found in 36% of PMBCL cases, although the 
exact functional consequences of STAT6 muta-
tions in the DNA binding domain are still a sub-
ject of debate.

Another major target of genetic alterations in 
PMBCL is the NF-κB signaling pathway [161], 
which is maintained constitutively active by a 
variety of somatic gene mutations and structural 
genomic changes. These include (1) copy number 
gains and amplifications of the REL gene (>50% 
of cases), correlated with nuclear localization of 
the REL protein [170]; (2) inactivating mutations 
of TNFAIP3 (36% of cases) [171]; and (3) ampli-
fication of the genomic regions encoding for the 
NF-κB regulators BCL10 (1p22) and MALT1 
(18q21), observed in a subset of cases [172].

Finally, several genetic lesions impinge on the 
crosstalk between the tumor cells and the tumor 
microenvironment [173], leading to acquired 
immune privilege [82]. Among these lesions, the 
loss of MHC-II molecules is a prominent event 
that, analogous to DLBCL, NOS, has been linked 
to decreased infiltrating cytotoxic T cells and infe-
rior outcome [5, 81]. Downregulation of surface 
MHC-II expression in these tumors is explained 
in part by allelic imbalances of the HLA-DR loci 
on chromosome 6p [174, 175] and by genomic 
breakpoints and mutations of the MHC class 
II transactivator gene CIITA (38% of samples) 
[83]. In addition, 20% of PMBCL carry recurrent 
genomic rearrangements involving the PDL1/
PDL2 genes on the short arm of chromosome 9, 
which encode for inhibitors of T-cell responses. 
These rearrangements generate PDL1 and PDL2 
gene fusions with various partner genes, leading 
to elevated protein expression, and may in part 
explain the unique features of PMBCL, which are 
characterized by a significant inflammatory infil-
trate. The cumulative incidence of genetic altera-
tions that interfere with the interaction between 
the lymphoma cells and the microenvironment 
supports a central role for escape from immuno-
surveillance mechanisms in the pathogenesis of 

these neoplasms. Importantly, the frequent co-
amplification of JAK2 and PDL1/2 on chromo-
some 9p24 suggests that combination therapies 
with JAK-STAT pathway inhibitors and immune 
checkpoint inhibitors might have synergistic anti-
tumor activity.

2.4.6  B-Cell Lymphoma, 
Unclassifiable, with Features 
Intermediate Between Diffuse 
Large B-Cell Lymphoma 
and Classical Hodgkin 
Lymphoma

B-cell lymphoma, unclassifiable, with features 
intermediate between DLBCL and CHL (so-
called mediastinal greyzone lymphoma, MGZL) 
still represents a peculiar tumor that shows fea-
tures of both primary mediastinal large B-cell 
lymphoma and classical Hodgkin lymphoma. 
The clinical characteristics of the condition are 
predominantly determined by the site in which 
the tumor arises. Usually, there is a large medi-
astinal mass that can spread to supraclavicu-
lar lymph nodes and/or can invade neighboring 
structures per continuitatem, such as the lungs, 
the surrounding soft tissues, and even bone struc-
tures, but that rarely metastasizes to distant sites. 
Retrospective analyses have shown a poorer clin-
ical outcome of MGZL in comparison with either 
CHL or PMBCL [176]. There are two more or 
less distinct morphologies that may be seen. One 
resembles that of CHL (frequently, of nodular 
sclerosis type), but, on immunohistochemistry, 
the B-cell program is greatly preserved as exem-
plified by strong expression of B-cell-associated 
antigens including CD20 and CD79a and also 
reactivity for the B-cell-specific transcription 
factors OCT-2 and BOB1, while expression of 
CD15 is usually absent. The other type of MGZL 
shows the morphology of large B-cell lymphoma 
with expression of B-cell markers, in which the 
tumor cells are also uniformly positive for CD30 
and often CD15, or are EBV associated [177]. 
This tumor should be set apart from a compos-
ite lymphoma simultaneously showing classical 
Hodgkin lymphoma and primary large B-cell 
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lymphoma in different areas of the same site or 
biopsy.

2.4.7  Primary Cutaneous Diffuse 
Large B-Cell Lymphoma,  
Leg Type

Primary cutaneous DLBCL, leg type (PCDLBCL, 
leg type) is a special variant of diffuse large 
B-cell lymphoma with a characteristic clinical 
presentation, morphology, and immunopheno-
type [1]. It usually develops on the lower legs of 
predominantly female older adults. There is a 
diffuse infiltration of the skin and subcutaneous 
tissues by large cells, often centroblasts and 
immunoblasts, forming large cutaneous nodules 
[178]. The tumor cells express BCL2, IRF4/
MUM1, and FOXP1, while CD10 and BCL6 are 
negative. A characteristic feature is strong 
cytoplasmic expression of IgM and MYC protein 
(without underlying MYC rearrangements). Leg- 
type DLBCL often displays an ABC-type (or 
non-GCB-type) expression profile. High-level 
amplifications of the BCL2 locus have been seen 
in two thirds of cases along with CDKN2A dele-
tion or promoter methylation. Mutation analyses 
have revealed MYD88 L265 mutations in 60% of 
the cases and presence of mutations in genes 
characteristic of ABC-type DLBCL, such as 
CARD11, CD79B, und TNFAIP3 [179].

2.4.8  Primary Central Nervous 
System Lymphoma

Primary CNS lymphoma (PCNSL) is a malignant 
lymphoid neoplasm arising in the brain, spinal 
cord, or leptomeninges; intraocular lymphoma 
forms a subset of PCNSL. PCNSL are predomi-
nantly diagnosed as large B cell lymphomas 
[139] and can develop in either immunocompe-
tent or immunosuppressed patients. The affected 
individuals are in general elderly adults with a 
slight male predominance while, among immu-
nodeficient patients, HIV-infected individuals, 
with younger age and clear male predominance 
at presentation are commonly seen. Histology 

characteristically reveals a diffuse proliferation 
of blasts with perivascular growth and—often 
extensive—necrosis. The tumors are usually 
composed of immunoblasts or centroblasts. They 
express pan B-cell antigens, usually BCL2, 
IRF4/MUM1, and often BCL6 implying a non-
GCB immunophenotype [180]. PCNS-DLBCL 
shares with other lymphomas arising at immune- 
privileged sites the characteristic downregula-
tion of MHC class II antigens [181]. Virtually all 
cases of PCNS-DLBCL in immunosuppressed 
patients are positive for EBERs, and a subset of 
them also expresses LMP1.

At the molecular level, several lines of inves-
tigation support a role for both the NF-κB and 
JAK/STAT signaling pathways as mediators of 
pro-survival signals in this tumor type [182]: 
besides the presence of multiple genetic altera-
tions in NF-κB regulators (see below), interleu-
kin-4 is upregulated at the transcript and protein 
level within the vascular microenvironment; 
IL-10 (another first messenger in the JAK/STAT 
signaling) is increased in the vitreous and cere-
brospinal fluid, and increased JAK1 transcripts 
are detected in the tumor cells [182]. Elevated 
IL-10 expression alongside activation of JAK/
STAT signaling are consistent with aberrant acti-
vation of the MYD88 pathway.

Molecular Pathogenesis. The rarity of PCNS- 
DLBCL and the difficulty in obtaining material 
for investigational studies has hampered the 
molecular analysis of this DLBCL subtype. 
Nonetheless, a number of studies, including 
recent whole-exome sequencing efforts, have 
unveiled important genetic features associated 
with PCNS-DLBCL, including recurrent muta-
tions in genes that are involved in NF-κB path-
way activation (e.g., CARD11, CD79/B, and 
MYD88), cell cycle regulation (CCND3), and 
chromatin structure/histone modifications 
(CREBBP, KMT2D, ARID1A/B, SMARCA4, and 
SMARCA5) [183]. Of these, MYD88 mutations at 
the L265 hotspot represent the most common 
event, accounting for 38–50% of clinical cases 
[184, 185], followed by CD79B (approximately 
20% of cases) [186]. PCNS-DLBCL also shows 
evidence of ASHM in multiple proto-oncogenes 
with established roles in B-cell development and 
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differentiation, including PAX5, PIM1, c-MYC, 
and RhoH/TTF [187].

Moreover, a critical step in the molecular 
pathogenesis of PCNSL (and a biomarker of 
inferior clinical outcome) is inactivation of the 
CDKN2A/B genes, encoding for p14ARF and 
p16INK4a, by either homozygous deletion (40–
50% of cases) or hypermethylation (15–30% of 
cases). BCL6 translocations are detected in 17% 
of tumors and have been associated with inferior 
overall survival especially when combined with 
6q22 deletions [188]. Other potentially relevant 
genetic lesions in PCNS-DLBCL comprise 
recurrent copy number gains of MALT1 (a 
potential additional contributor to the aberrant 
activation of the NF-κB pathway in this disease) 
[189], chromosome 12 (particularly in the 12q 
region harboring STAT6, MDM2, and CDK4), 
and the long arms of chromosomes 1, 7, and 18 
[182]; deletions of the short arm of chromosome 
6 (which harbors the HLA loci) and chromo-
somes 17 and 18 [188, 190]; and deletions of 
6q21-23, detected in 40–60% of cases. The latter 
encompasses several candidate tumor suppressor 
genes, among which PRDM1 [191], TNFAIP3 
(A20), and PTPRK, a protein tyrosine phospha-
tase that participates in cell adhesion signaling 
events [192] may be most relevant. In contrast, 
mutations in the TP53 gene are observed in only 
a small proportion of PCNS-DLBCL specimens.

2.4.9  Epstein-Barr Virus  
(EBV)-Positive Diffuse Large 
B-Cell Lymphoma NOS

The update of the fourth edition of the WHO 
classification has renamed EBV-positive 
DLBCL because this lymphoma, called EBV-
positive DLBCL of the elderly in the fourth 
edition of the classification (2008), can also 
be seen in younger patients [193]. The name 
“EBV-positive DLBCL, NOS” was adopted to 
emphasize the difference from other specific 
EBV-associated LBCL variants and subtypes. In 
elderly individuals EBV infection of the tumor 
cells is explained by an age-related waning of 
the immune system, whereas its association to 

DLBCL occurring in the younger age group is 
not clear [194]. The frequency of EBV-positive 
DLBCL increases with age and is higher in 
Japan and Latin America as compared to Europe. 
Extranodal disease is common, but lymph nodes 
are affected as well. In younger patients, nodal 
disease is the most common form of presenta-
tion. In both younger and elderly patients, the 
male gender predominates [195].

Generally, there is a diffuse effacement of 
the underlying architecture by diffuse infil-
trates of blasts, in many cases with extensive 
necrosis (Fig.  2.13a). A monomorphic subtype 
characterized by tumor cells resembling cen-
troblasts, immunoblasts, and/or Hodgkin-like 
cells has been described and set apart from cases 
where the infiltrate also harbors many reactive 
bystander cells such as lymphocytes, histio-
cytes, plasma cells, and eosinophils. Some cases 
show pleomorphic large cells with several nuclei 
mimicking Reed-Sternberg cells. The tumor 
cells usually express pan B-cell markers such as 
CD20, CD79A, and PAX5. In many cases, co-
expression of CD30 and a non-GCB phenotype 
is common. By definition, in situ hybridization 
with EBV- encoded small RNAs (EBERs) dem-
onstrates EBV infection in at least 50% of the 
tumor cells (Fig.  2.13b), although different and 
lower cutoffs have been used for its definition in 
the past. LMP1 is usually expressed, and EBNA2 
may be positive, consistent with type II latency. 
As is the case in posttransplantation lymphop-
roliferative disease (PTLD), the tumor cells are 
frequently positive for PDL-1 [196], possibly 
leading to attenuated immune surveillance. In 
contrast with classical Hodgkin lymphoma, the 
tumor cells are usually CD15 negative.

EBV-positive DLBCL, NOS, must be differ-
entiated from EBV-associated mucocutaneous 
ulcer because of the apparently indolent clinical 
course of the latter.

2.4.10  Primary Effusion Lymphoma

Primary effusion lymphoma (PEL) is a distinct 
clinico-pathological entity, the hallmark of which 
is malignant effusion in the pleural or peritoneal 
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cavity or in the pericardium (Fig. 2.14a). Infection 
of the tumor cells by the Kaposi sarcoma herpes/
human herpes virus 8 (KSHV/HHV8) (Fig. 2.14b) 
is characteristic [197, 198]. PEL is a disease of 
HIV-infected patients and, in this setting, it is also 
associated with EBV infection. Rare cases of 
HHV8-positive but EBV-negative cases have 
been described in immunocompetent patients 
[199]. PEL associated with HIV infection fea-
tures malignant effusion without solid tumor infil-
trations. Only rarely, there is tumor propagation 
into the lung, the mediastinum, or regional lymph 
nodes. On microscopy, centroblastic, immuno-
blastic, or anaplastic tumor cells are shed into 

body cavities. The tumor cells are positive for the 
pan leucocyte antigen (CD45) and activation-
associated proteins like HLA-DR and CD30; 
B-cell specific antigens including immunoglobu-
lins and PAX5 are not expressed. Rarely, aberrant 
co-expression of T-cell antigens is seen. 
Characteristically, a nuclear reactivity for the 
HHV8 latency-associated nuclear antigen 
(LANA) (Fig. 2.14b) and co-infection with EBV 
is observed. PEL-like effusion lymphomas with-
out HHV8 may be seen in elderly patients mainly 
in the peritoneum [200]. Rarely, PEL may mani-
fest as an extrapleural solid tumor without effu-
sion [201]. Immunoglobulin genes are clonally 

a b

Fig. 2.13 EBV-positive DLBCL, NOS. (a) H&E staining 
of a lung tumor showing blastic tumor cells of varying 
size and shape, intermingled with some larger Hodgkin- 

like cells. Note focal necrotic areas. (b) EBER in situ 
hybridization discloses infection in more than 50% of the 
tumor cell nuclei by the EBV virus

a b

Fig. 2.14 Primary effusion lymphoma (PEL). (a) 
Cytomorphological evaluation of a pleural effusion, disclos-
ing large atypical cells with abundant cytoplasm,  irregular 

nuclei, and prominent nucleoli. (b) Nuclear expression of 
the latency-associated nuclear antigen (LANA) proves 
infection of the tumor cells by the HHV8/KSHV virus
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rearranged. Classical cytogenetic analyses have 
revealed complex karyotypic alterations, but no 
recurrent aberration has been identified so far.

2.4.11  Diffuse Large B-Cell 
Lymphoma Associated 
with Chronic Inflammation

This DLBCL subtype arises in the context of usu-
ally long-standing chronic inflammation and 
involves body cavities or narrow spaces such as 
the joints. Pyothorax-associated lymphoma (PAL) 
is the classical form frequently arising in the pleu-
ral cavity in the setting of long-standing pyotho-
rax. Most patients are in their fifth to eighth 
decade, and usually there is a long interval (>20–
30 years) between the onset of chronic inflamma-
tion and the diagnosis of malignant lymphoma. 
Most patients present with localized disease [202, 
203], and common sites are the pleural cavity, 
bone, and periarticular soft tissues, with possible 
invasion of adjacent structures. On histology, the 
infiltrating blasts are either of centroblastic or 
immunoblastic type. Immunophenotyping shows 
the expression of pan B-cell markers and usually 
a non-GCB expression profile with reactivity for 
IRF4/MUM1 and negativity for CD10 and BCL6. 
Occasionally, aberrant expression of T-cell mark-
ers may occur [204]. Common genetic features of 
PAL are MYC amplifications, TP53 mutations, 
and deletions of TNFAIP3/A20. Immunoglobulin 
genes are clonally rearranged [205, 206].

2.4.12  Lymphomatoid 
Granulomatosis

Lymphomatoid granulomatosis (LYG) is an 
angiocentric and angiodestructive lymphopro-
liferative disorder associated with EBV-positive 
B-cell blasts in a predominantly reactive back-
ground [207]. Most cases of LYG arise in 
healthy individuals, but the disease can also be 
seen in immune deficiencies of varying cause, 
especially iatrogenic immunosuppression. It is 
usually a disease of adulthood, and most cases 
occur in the fourth to sixth decade of life, with a 

male predominance. LYG mainly presents with 
pulmonary disease and can also manifest in the 
CNS, skin, liver, and kidneys. In contrast, lymph 
node, splenic, and bone marrow involvement is 
uncommon. Presenting clinical symptoms are 
unspecific. The radiologic hallmark of the dis-
ease is bilateral nodular infiltration of the lungs. 
Histology shows angiocentric and angiodestruc-
tive polymorphous infiltrates with lymphocytes, 
histiocytes, and large atypical lymphoid cells 
and tissue necrosis [208]. The EBV-associated B 
cells vary in size and correspond to lymphocytes, 
blasts, and/or HRS-like cells. Grading of LYG 
is based on the number of EBV-positive cells. 
Grade 1 lesions contain a minority of large atypi-
cal cells within a rich polymorphous background, 
and EBER in situ hybridization highlights fewer 
than five cells per HPF.  In grade 3 lesions, the 
large atypical cells are readily seen and may form 
smaller or larger aggregates. In case of a uniform 
infiltration of EBV-positive blasts without the 
characteristic background of LYG, a diagnosis 
of EBV- associated DLBCL, NOS, is warranted. 
On immunophenotyping, the EBV-positive blasts 
express CD20, PAX5 or CD79a, and CD30  in 
many cases, but CD15 is negative. LYG fre-
quently shows an EBV latency pattern III with 
positivity for LMP1, EBNA2, and EBER. Clonal 
IG rearrangements are usually seen in grades 2 
and 3 [209].

2.4.13  HHV8-Positive Diffuse Large 
B-Cell Lymphoma, NOS

HHV8-positive DLBCL, NOS is a new disease 
category in the 2016 update of the WHO classi-
fication. It forms part of the spectrum of KSHV/
HHV8-associated lymphoproliferative disor-
ders and is considered a large B-cell lymphoma 
that frequently, but not invariably, arises in the 
background of multicentric Castleman’s dis-
ease (MCD) [210]. The KSHV/HHV8-positive 
plasmablasts are usually negative for CD45 
and CD20, strongly express the KSHV/HHV8 
latency-associated nuclear antigen (LANA), and 
show monoclonal cytoplasmic IgM/λ staining 
[211]. They often represent a tumor form of the 
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KSHV-/HHV8-infected plasmablasts encoun-
tered in MCD in HIV-infected individuals.

2.5  Concluding Remarks

During the past decade, our understanding of the 
pathogenesis of DLBCL, particularly of its most 
common subtypes DLBCL NOS and PMBCL, 
has improved substantially, owing in part to the 
implementation of powerful genomic technolo-
gies. We have now identified a number of path-
ways that are recurrently dysregulated by genetic 
alterations in this disease and are emerging as 
central players in tumor development and main-
tenance. These lesions reveal vulnerabilities in 
the lymphoma cells, which are often uniquely 
associated with distinct lymphoma subtypes and 
could thus be exploited for patient stratification 
and for the design of more effective, possibly less 
toxic- targeted therapeutic approaches. Indeed, 
the information gained from these studies is 
already being translated into the development 
and clinical testing (or repositioning) of novel 
drugs/drug combinations directed against specifi-
cally disrupted programs in DLBCL. While these 
strategies are expected to impact the standard of 
care for this malignancy, the complexity of the 
involved pathways and the overall heterogeneity 
of the disease, which may also involve non- 
genetic mechanisms, underscores the need of 
precise patient stratification in order to identify 
sensitive and resistant cases.
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