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Abstract: The definitions of follicular lymphoma (FL) and diffuse large B-cell lymphoma (DLBCL) are
evolving in the era of personalized medicine. Early stages of the evolution of FL have been recognized.
Two histological manifestations of early lesions are in situ follicular neoplasia and duodenal type
FL. Additionally, FL frequently undergoes histological transformation, the most common form being
DLBCL. High-grade B-cell lymphoma with double hit, with translocations involving BCL2 and MYC
are important clinically. Rarer forms of transformation include classic Hodgkin lymphoma (CHL) and
histiocytic sarcoma. In addition to conventional FL associated with the BCL2 translocation, alternative
forms of BCL2-negative FL have been observed. These are heterogenous clinically and genetically. A
distinctive group of B-cell lymphomas of follicle cell derivation arise in young patients and include
pediatric type FL, testicular FL and a large B-cell lymphoma with IRF4 rearrangement. Historically
DLBCL was separated into only two histological variants, centroblastic and immunoblastic. In 2017
the WHO classification recommended (1) the segregation of activated B cell and germinal center B
cell derived DLBCL, (2) the identification of high-grade B-cell lymphoma with double hit, and (3) the
recognition of an aggressive lymphoma that may resemble Burkitt lymphoma, currently designated
in the International Consensus Classification as Large B-cell lymphoma with 11q aberration. Today
we appreciate greater genomic complexity among aggressive B-cell lymphomas. Recent studies with
NGS and mutational profiling have identified clinically significant genetic subgroups. It is hoped
that these data ultimately will lead to targeted therapy based on the genetic profile.

Keywords: follicular lymphoma; in situ follicular neoplasia; FL transformation; FL in young patients;
diffuse large B-cell lymphoma NOS; high grade B-cell lymphoma

1. Introduction

The diagnosis of lymphoma is evolving in the era of personalized medicine. Indicative
of these changes is the evolution that has occurred in the criteria and definition of follicular
lymphoma (FL) and diffuse large B-cell lymphoma (DLBCL), two of the most common
subtypes of B-cell lymphoma.

FL is a B cell malignancy that mimics normal follicles histologically and phenotypically.
FL B-cells maintain the same state of differentiation as that of germinal centre (GC) B cells
within the secondary lymphoid follicle [1,2]. Morphologically FL is a follicular proliferation
of centrocytes and centroblasts associated with follicular dendritic cells (FDCs). The
immunophenotypic profile of FL is CD20+, CD19+, CD79a+, CD10+, CD5−, Bcl-2+, Bcl-6+.
The genetic alterations include JH/BCL2 rearrangement, t(14;18) and somatic mutations of
VH. Most patients present with advanced stage disease, (IIIA–IV A), and with indolent,
but generally incurable disease [1,2].
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Diffuse large B-cell lymphoma NOS includes morphologic variants, i.e., centroblastic,
immunoblastic, anaplastic and other rare variants. More recently, the subtypes of DLBCL
have been related to the cell of origin, i.e., the germinal center B-cell (GCB) and activated
B-cell (ABC) subtypes [3]. However, aggressive B-cell lymphomas are diverse and include
many other specific clinico-pathologic entities; among these are T-cell histiocyte rich large B-
cell lymphoma, EBV positive DLBCL NOS, primary mediastinal large B-cell lymphoma [4].

FL and DLBCL NOS are the most common forms of malignant lymphoma, with recent
studies identifying much greater diversity than originally thought.

2. Evolving Spectrum of Follicular Lymphoma

The earliest stages in the evolution of FL have been explored (Figure 1). The clas-
sical model of FL lymphomagenesis is a multistage and progressive process, whereby
t(14;18)(q32;q21) represents the founder event, and clinically significant disease results
from a successive accumulation of genetic and epigenetic alterations. The discovery that
non-neoplastic B cells that carry the t(14;18) in healthy individuals, later referred to as
FL-like B-cells, influenced many aspects of FL research. FL like B cells are found in about
70% of individuals over the age of 50 [2].
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Figure 1. Evolving spectrum of follicular lymphoma.

In addition, the histological counterpart of this early lesion, is termed in situ follicular
neoplasia (ISFN). It can be seen as an incidental finding in routine lymph node biopsies.
ISFN is detected in 2–3% of routine lymph node biopsies. However, fewer than 5% of
these patients will ever develop clinically significant FL. By array comparative genomic
hybridization (CGH), ISFN has a very low level of genomic aberrations beyond the BCL2
translocation [5]. However, these early lesions may show mutations in CREBBP, EZH2, and
TNFRSF14 [6]. Mutations in KMT2D appear to be a later event, associated with increased
risk of progression.

Another early form of the disease is duodenal-type FL in which the BCL2 positive
cells expand within the intestinal lymphoid tissue (Figure 2). All of these early lesions have
a relatively low incidence of progression to clinically significant FL and this is especially
rare in circulating FL-like B cells as found by sensitive PCR testing of normal peripheral
blood [1,7].
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Figure 2. Incipient follicular lymphoma (FL) includes FL-like B cells found in the peripheral blood at
low levels in normal individuals, most commonly after age 50. Tissue manifestations of incipient
FL include in situ follicular neoplasia and duodenal-type FL. Abbreviations. CNAs, chromosomal
numeric aberrations; SHM, somatic hypermutations; CSR: Class switch recombination. Reproduced
with permission from Jaffe and Quintanilla-Martinez [7].

Similarly, knowledge of the diverse forms of histological transformation that may
occur in FL has been expanded. The two most common forms of transformation are DLBCL
and high-grade B-cell lymphoma with double hit (Figure 3) but other rarer forms of histo-
logic transformation include classic Hodgkin lymphoma, and histiocytic sarcoma. Some
cases of high grade B-cell lymphoma may be TdT-positive and resemble B lymphoblastic
lymphoma leukemia (B-ALL/LBL) [8]. Most cases expressing TdT carry both MYC and
BCL2 rearrangement. However, their mutational profile is distinct from B-ALL/LBL [9].
Thus, they are best considered a variant of double hit lymphoma.
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Figure 3. Transformed Follicular Lymphoma. All show clonal identity and retain the BCL2 rearrangement.

Transformation to classic Hodgkin lymphoma and histiocytic sarcoma indicates the
plasticity of the hematopoietic system. Histiocytic or dendritic cell sarcomas show loss
of the B-cell program, most likely related to loss of expression of PAX5 [10]. Secondary
histiocytic sarcomas share some of the molecular alterations of FL but also show evidence
of evolution with acquisition of new mutations that are characteristic of primary histiocytic
sarcoma with mutations in the RAS/RAF/MAPK pathway (Figure 3) [11,12].

Alternative forms of FL, so-called BCL2 negative FL, have been recognized (Figure 1).
BCL2 negative FL are both clinically and pathologically heterogeneous and probably do
not constitute a single disease entity. However, BCL2 negative FL should be segregated
from BCL2 rearranged FL, as both clinical and biological differences exist [13]. A distinctive
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subgroup includes those cases presenting often with inguinal disease that tend to be low
stage. These cases have a high frequency of STAT6 mutations, are frequently positive for
CD23, a helpful feature in diagnosis. These cases are negative for BCL2R still carry some
of the genetic alterations of BCL2 positive FL with frequent mutations in CREBBP [13].
The recent proposal from the International Consensus Classification (ICC) of lymphoid
neoplasms proposed the terminology of BCL2-R negative, CD23-positive follicle center
lymphoma for this lesion [14]. It is likely that this subtype of follicle center lymphoma is
suitable for different management approaches [15].

B-cell lymphomas of follicle cell derivation occurring in young patients differ from
those in adults. These include pediatric type FL, testicular FL and large B-cell lymphoma
with IRF4 rearrangement [16]. Pediatric type FL (PTFL) has a low level of genomic complex-
ity. Aberrations in MAP2K1 and 1p36/TNFRSF14 are the most common genetic changes in
PTFL, each observed in 30–70% of the cases [17,18]. A recurrent loss-of-function mutation
in IRF8, a tumor suppressor gene, was also reported more recently [19]. Recent work has
shown that PTFL and the pediatric variant of nodal marginal zone lymphoma (PMZL)
are morphological variants with a common molecular profile [19]. These cases typically
present with localized disease, Stage I, and recurrence following simple surgical excision is
rare. It is important to distinguish these cases from more aggressive B-cell lymphomas in
young patients, as the management is entirely different [20].

IRF4 large B-cell lymphoma most commonly presents in young patients (Figures 1 and 4)
with involvement of tonsil and Waldeyer’s ring. In contrast to PTFL, which is mainly seen
in young boys, IRF4 large B-cell lymphoma is seen equally in males and females. These
cases can be follicular or diffuse and show co-expression of MUM1 associated with IRF4
rearrangement, are BCL6 positive and often CD10 positive. They are of germinal center
B-cell derivation; and have a relatively good prognosis in contrast to other forms of diffuse
large B-cell lymphoma seen in young patients [1,16,21].
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Figure 4. Follicular Lymphomas (FL) in young patients (<30 years) include pediatric type FL, IRF4
large B-cell lymphoma, testicular FL. Modified and adapted from Liu Q et al. [16].

Finally, there is testicular follicular lymphoma, which is a rare condition seen in young
boys; these patients have a very good prognosis and in the vast majority of cases appear to
be cured by simple orchiectomy [22,23]. Systemic chemotherapy is not required.
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Another rare form of FL is primary cutaneous follicular lymphoma (Figure 1). It
is negative for BCL2 rearrangement and negative for CD10 and has some of the genetic
alterations that are observed in pediatric type FL with 1p36 deletions and mutations in
TNFSR14. However, it is negative for most of the genetic alterations seen in classic nodal
FL. This is an indolent disease that should be managed conservatively. However, if there is
evidence of BCL2-R or BCL2 protein expressed, clinical evaluation is suggested to rule out
secondary cutaneous involvement from a systemic FL [24–26].

In conclusion, FL is not a single disease but is a family of tumors derived from
follicle center B cells. The therapeutic options vary widely from aggressive therapy to a
minimal intervention.

3. Diffuse Large B-Cell Lymphoma NOS and Aggressive B-Cell Lymphomas

Historically DLBCL was separated based on the cytological appearance in routine
H&E–stained sections. The two most common variants were centroblastic and immunoblas-
tic. We now recognize that DLBCLs are a complex group of aggressive B-cell lymphomas [4].
Figure 5 shows a chart that outlines the major subtypes of aggressive B-cell lymphomas at
the time of the 2016 WHO classification [3], which recommended the segregation of ABC
and GCB derived diffuse large B-cell lymphoma, and the recognition of high-grade B-cell
lymphomas with double hit. The most common and well characterized form of “double
hit” lymphoma, is a tumor that has translocations involving BCL2 and c-MYC. Some of
these tumors represent progression from follicular lymphoma. In addition, not all cases
with a double hit involving MYC and BCL2 are detected by FISH. By gene expression
profiling the identification of a double hit signature can uncover double hit high grade B
cell lymphomas with genetic events that are cryptic to FISH analysis [27].
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In 2017 the WHO bluebook also identified a rare variant of aggressive lymphoma, seen
mainly in young patients, and most often presenting with nodal disease. This tumor was
included as a provisional entity and the term “Burkitt-like lymphoma with 11q aberration”
was proposed [28]. More recent studies have shown that these tumors lack the common
mutational findings of Burkitt lymphoma, are more correctly considered a variant of GCB
derived diffuse large B-cell lymphoma [29,30]. In the recently published report from the
International Consensus Committee, the term large B-cell lymphoma with 11q aberration is
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offered as the preferred nomenclature for this lesion [14]. While clinically aggressive, it is
not included among the “high-grade” B-cell lymphomas.

Figure 6 shows a flow chart for the diagnosis of aggressive B-cell lymphomas that
provides a model for current clinical practice. The first step is biopsy of lymph node
or extranodal lesion. At this stage one should consider any one of a group of specific
entities, such as such as primary mediastinal large B-cell lymphoma, EBV positive large
B-cell lymphoma and HHV8/KSHV associated lymphomas. FISH is still important to
recognize high grade B-cell lymphomas with double hit and represents a valuable tool in
the clinical setting.
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It is controversial as to whether aggressive B-cell lymphomas with dual translocations
involving MYC and BCL6 should be retained in the “double hit” category [31,32]. These
cases are heterogeneous at the gene expression level, and do not appear to have the very
aggressive clinical behavior of the classic double hit lymphomas with MYC and BCL2.
Further study of such cases is warranted to determine their proper place in the classification
of aggressive B-cell lesions [14].

A new era is emerging with NGS and mutational profiling. This technology is on the
horizon for clinical practice, although not currently required for the routine diagnosis of
diffuse large B-cell lymphoma. However, there are many clinical settings in which NGS is
commonly used in clinical practice.

Two major studies in the last few years showed that there is genetic heterogeneity in
diffuse large B-cell lymphoma and that this heterogeneity can identify clinically significant
genetic subgroups [33,34]. Variations in prognosis based on the mutational profile could
be shown. The subtype termed MCD is based on the co-occurrence of the L265P mutation
in MYD88 and mutations in CD79B. This subtype is highly enriched in primary central
nervous system lymphoma, testicular diffuse large B-cell lymphoma, and other aggressive
extranodal diffuse large B-cell lymphomas. The ICC group discussed the option of creating
a separate category for extranodal DLBCL but deferred taking this step for the present
time [14]. The subtype designated as BN2 is based on fusions involving BCL6 and mutations
in NOTCH2. This subtype is heterogeneous in its gene expression profile and may represent
an aggressive variant of marginal zone lymphoma. The prognosis of the BN2 group seems
to be somewhat better than many of the other forms of diffuse large B-cell lymphoma [34].
Thus, it might represent marginal zone lymphoma with increased transformed cells.

In more recent work, even greater heterogeneity in the molecular classification of
diffuse large B-cell lymphoma was observed [35]. New molecular variants were uncovered
including a subset of aggressive lymphomas with a high degree of aneuploidy and a high
frequency of p53 mutation and deletion [35]. The term A53 refers to these key features: p53
mutation and aneuploidy.

The historical cell of origin approach (ABC or activated B-cell; GCB or germinal center
B-cell) for the classification of DLBCL can be integrated in part to the new data derived from
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genomic profiling based on NGS studies [36]. For example, the EZB and C4 subgroups are
related to germinal center B cells. Mutations in EZB are common in germinal center derived
neoplasms, including FL. The CD4 cluster, as designated by Chapuy et al. [33] includes the
ST2 subset, as recognized by Wright et al. [35]. These cases are characterized by mutations
in SGK1 and TET2 (hence ST2) and includes tumors with features of T-cell/histiocyte-rich
large B-cell lymphoma related to nodular lymphocyte predominant B-cell lymphoma [14].
Tumors related to activated B-cells (ABC) are more heterogeneous, with the MCD group
being a major subset. MCD tumors as noted above are almost always extranodal. N1,
with mutations in NOTCH1 is ABC as well. The hope is that these data will be clinically
relevant and lead to targeted therapy in the future based on the genetic profile [33,35–38].
A challenge will be to make this technology accessible for routine practice and diagnosis.

4. Pathology Provides a Roadmap for Disease Discovery and Treatment

Disease discovery and disease definition using routine diagnostic tools are critical
first steps in elucidating the pathogenesis of lymphomas. Discovery of recurrent genetic
alterations have usually followed on the heels of a precise description of the lymphoma
entity based on clinical, morphological, or immunophenotypic grounds [39,40]. In other
words, it starts with the microscope but insights from genetics, epigenetics, and knowledge
of the cellular microenvironment, lead to refinement of diagnostic criteria, and ultimately
appropriate therapy.
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