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Diffuse large B-cell ymphoma with molecular variations more
than ABC and GCB classification
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Diffuse large B-cell lymphoma (DLBCL), the most
common type of lymphoid malignancy in adults, is highly
heterogeneous at the clinical and genetic level. The
landmark study by Alizadeh ez 4/ almost 20 years ago that
used gene expression profiling identified three DLBCL
subgroups: activated-B-cell-like (ABC), germinal-center
B-cell-like (GCB) and an unclassified group subsequently
referred to as the cell-of-origin (COO) classification (1).
Biologically, the GCB DLBCLs are derived from B cells
of the germinal-center dark zone, where B-cells encounter
antigen and somatic hypermutation occurs. In contrast,
ABC DLBCLs are liked derived from B cells in the
germinal center light zone and/or immediately after B cells
leave the germinal center. Pathologic genetic events also
differ greatly between these two subgroups, for example,
t(14;18)(q32;q21)/IGH-BCL2 is common in GCB tumors
whereas constitutive NF-kB activation and enriched genetic
aberrations including trisomy 3 and MYD&8§ mutation are
more common in ABC tumors (2,3). As reported in many
studies, patients with ABC DLBCL respond less well to
standard R-CHOP immunochemotherapy and have a poorer
outcome compared to patients with GCB DLBCL (4).
However, it need be noted that not all clinical trials
have shown that COO classification has prognostic
importance (5). COO classification has greatly improved
the characterization of DLBCL biology and predicts
response to ibrutinib therapy (6). However, approximately
11% of DLBCLs remain unclassified based on the current
system and the biological characteristics of these cases
are largely undefined (7). Furthermore, within the ABC
and GCB subgroups of DLBCL there still remains great
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heterogeneity in biology and prognosis. For instance,
DLBCL cases with MYC and BCL2 translocations (so-called
double hit lymphoma) have an extremely poor prognosis,
although these neoplasms have a GCB immunophenotype.
Additionally, in the ABC subgroup patients with DLBCL
that carry MYD"*”" and CD79B mutations showed a
significantly better response to ibrutinib, a Bruton tyrosine
kinase inhibitor, than patients with other ABC DLBCL
tumors (6). These data suggest that the current COO
classification needs to be refined.

The advent of high-throughput gene sequencing has
facilitated a better understanding of the genomic landscape
and molecular pathogenesis of DLBCL. Several groups,
mostly using whole-exome sequencing, have identified
many genetic drivers in DLBCL. Reddy ez /. sequenced a
total of 1,001 DLBCL cases and used CRISPR screening to
explore the biological functions of identified genetic drivers,
which contributed to our understanding of the molecular
pathogenesis of DLBCL (8). In a recently published paper
in the New England Fournal of Medicine (9), Schmitz et al.
did an analysis of 574 fresh-frozen DLBCL using exome
and transcriptome sequencing, deep targeted amplicon
resequencing of 372 genes, and DNA copy number analysis.
The use of multiple platforms analysis enabled the authors
to comprehensively identify genetic events including exonic
or splicing site mutations, copy number alterations, and
chromosomal rearrangements. An important strength of
this study was that the authors enriched for unclassified
DLBCL cases (by gene expression profiling), representing
20% of all cases in their study. The authors showed co-
occurrence of NOTCH2 mutation and BCL6 fusions in
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Figure 1 From a series of 574 DLBCL, 46.6% cases could be genetically classified as the MCD, BN2, N1 or EZB subtypes. Each subtype
had distinct genetic features and gene expression profiles. DLBC, diffuse large B cell lymphoma.

unclassified DLBCL. Additionally, mutations of SPEN,
which inhibits NOTCH-dependent gene expression, were
found in unclassified DLBCL. The presence of NOTCH?2
or SPEN mutations indicates that disruptions affecting the
NOTCH pathway constituted crucial genetic events in
unclassified DLBCL, providing insights into the molecular
pathogenesis of these neoplasms.

The authors further developed an automated algorithm
that identified four genetic subtypes of DLBCL: MCD
(MYD88%*" and CD79B mutations), BN2 (BCL6 fusion
and NOTCH?2 mutation), N1 (NOTCHI mutations) and
EZB (EZH2 mutations and BCL?2 translocations) (Figure
I). These four subtypes overlapped with classical ABC and
GCB subgroups and represented 46.6% of all DLBCL

cases. Each of the above subtypes had unique molecular
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characteristics. MCD cases were exclusively of the ABC
subgroup and over 80% of cases had MYD88"*" or
CD79B mutations or amplification. MYD88"”" and CD79B
abnormalities were both found in 42% of MCD cases and
this observation had clinical implications, since DLBCL
cases with MYD§8"**" and CD79B mutations had a
remarkably higher rate of response to ibrutinib (6). Genetic
lesions that target HLA-A, HLA-B, HLA-C or CDS5§, which
lead to immune escape, were also highly prevalent in MCD
cases. This finding is of interest because DLBCLs arising in
immune privileged sites including testis and central nervous
system are enriched with MYD88"**’ and CD79B mutations
(10,11). These findings suggest that immune surveillance
may constitute an important selection pressure for DLBCL
with MYD88"*" and CD79B aberrations. The BN2 subtype

Precis Cancer Med 2018;1:4



Precision Cancer Medicine, 2018

is characterized by dysregulation of the NOTCH pathway,
with 73% cases carrying a NOTCH?2 aberrations, SPEN or
DTX1 mutations. BCL6 fusion was another BN2 hallmark,
which occurred in 73% of all BN2 cases. Coexistence of
BCL6 fusion and genetic lesions that disrupt NOTCH
signaling (NOTCH?2, SPEN, or DTX1 abnormalities) are
significantly more frequent in BN2 than in non-BN2
cases, suggesting that these lesions may cooperate in the
pathogenesis of the BN2 subtype. Moreover, regulators
of NF-«B pathway were frequently disrupted in the BN2
subtype suggesting that NF-kB dysregulation represents
another feature of this subset of DLBCLs. The N1 subtype
all had NOTCHI mutations and other acquired aberrations
that disrupt B cell differentiation. The EZB cases carried
BCL?2 translocation or EZH2 mutation as well as aberrations
mutations involving tumor suppressor genes involved in
epigenetic regulation (CREBBP, EP300, and KMT2D)
typical of GCB DLBCL.

Further, by using RNA-seq data, the authors explored
gene expression variances among the different genetic
subtypes. Analysis of gene-expression signatures of
various signaling or pathways revealed that each genetic
subtype has distinct gene expression features. For instance,
MCD is characterized by expression of genes that are
transcriptionally activated by IRF4, which contributes to
the ABC phenotype of MCD. Although both of the N1 and
BN2 subtypes showed up-regulated NOTCH signaling, the
N1 subtype showed a highly-expressed plasma-cell signature
whereas the BN2 subtype displayed enhanced B-cell
receptor-dependent NF-«B activation and up-regulation of
MYC-induced genes. Regarding tumor microenvironment,
gene signatures that represent T cells, myeloid cells, and
follicular dendritic cells were remarkably high in the N1
subtype, whereas the BN2 and EZB subtypes showed
the previously described “stromal-1” signature, which is
related to favorable prognosis in DLBCL treated with
immunochemotherapy (12).

Importantly, the four genetic subtypes of DLBCL
correlated with different clinical outcomes. Patients with
DLBCL of the BN2 and EZB subtypes had significantly
longer progression-free survival and overall survival than
patients with the MCD and N1 subtypes. Although ABC
DLBCLs are considered to have a less favorable outcome,
the new genetic subtypes helped to further stratify the ABC
subgroup into different risk groups, with the N1 and MCD
subtypes of ABC DLBCL displaying a dismal outcome and
the BN2 subtype having a relatively favorable prognosis.
Similarly, among GCB DLBCL cases, patients with the
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EZB subtype had a less favorable outcome when compared
to patients with other GCB DLCBLs. This result is
consistent with the finding that BCL2 translocation predicts
worse outcome in GCB DLBCL (13). One might also
consider recognizing DLBCL with BCL2 translocation as a
separate group.

Another group from the Dana-Farber Cancer Institute
also comprehensively explored the genomic landscape of
a group of 304 primary DLBCLs (14). In this excellent
study which used a different algorithm, designated as non-
negative matrix factorization (NMF) consensus clustering,
the authors discovered five subsets of DLBCL with
distinctive genetic features (C1-C5). The C1 subtype was
enriched for BCL6 translocations and carried frequent
NOTCH?2 or SPEN mutations. The genetic signature of
C1 suggests that C1 and BN2 are probably identical. The
C3 subtype is mainly composed of GCB DLBCLs and
is characterized by BCL2 translocation, with most cases
carrying abnormalities affecting epigenetic regulator genes
EZH2, CREBBP, or KMT2D. These findings suggest
that C3 and EZB cases are very similar. The C5 subtype
showed frequent co-occurrence of MYD88***" and CD79B
mutations, a feature that also characterizes the MCD
subtype. Clinically, patients with the C3 subtype of GCB
DLBCL showed a poorer outcome (versus other GCB
tumors) and the C5 subtype of ABCL DLBCL showed
a poorer outcome (versus other ABC tumors) , similar to
the EZB and MCD subtypes in the study by Schmitz ez 4.
Combined, the studies of Schmitz er 4/. and Chapuy and
colleagues suggest that classifications of DLBCL based
on coordinate genetic features are reproducible and of
clinical importance. However, the N1 subtype, which is
characterized by NOTCH1 mutations, was not identified
in the Dana-Farber cohort. The explanation for this
discrepancy is unknown, but is possibly due to the different
studied populations and the low number of N1 cases.

Historically, tumors in general and DLBCL in particular
were categorized based on their histologic features and
lineage, which, to some extent, could facilitate diagnosis,
risk stratification, and treatment decisions. Since the advent
of high-throughput profiling of cancer, many efforts have
been made to use these methods for tumor subtyping,
with some success. Early efforts using gene expression
profiling to study DLBCL cases showed three subgroups:
ABC, GCB, and unclassified. The study by Schmitz et 4l.
is another step in the process classifying about half of
DLCBLs into different genetic groups based on a group
of coordinate genetic aberrations rather than individual
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alterations. Based on this classification, each subtype
exhibited distinct genetic, transcriptional as well as clinical
characteristics. In the era of precision medicine, genetic
systems such as these reported by Schmitz er 4/. or Chapuy
and colleagues will likely be useful in guiding treatment
decisions. In the study by Schmitz and colleagues, the
MCD subtype will likely respond well to ibrutinib whereas
the N1 subtype, which expressed prominent T-cell and
plasma cell genes, could possibly benefit from immune-
checkpoint blockade. Future studies will likely further refine
a genetic classification of DLBCL that will eventually lead
to even more precise treatment approaches for patients with

DLBCL.
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