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Defining double-hit
lymphoma in the clinic
Piers Blombery and Stephen Lade | Peter MacCallum Cancer Centre

High-grade B-cell lymphoma with MYC and BCL2 and/or BCL6 rearrange-
ments (also called double-hit [or triple-hit] diffuse large B-cell lymphoma
[DLBCL]) is a distinct biological entity associated with kinetically aggressive
disease, high rates of central nervous system involvement, and inferior clinical
outcomes. In this issue ofBlood, Collinge et al build on their previouswork and
further dissect the definition of this entity through the lens of the diagnostic
tools currently available to pathologists.1

In 2020, cell morphology as assessed by
the light microscope, for better or for
worse, retains its place in the diagnostic
armory used to stratify lymphoma into
biologically and prognostically relevant
groups. After initial subcategorization by
microscopic features, there is now an
ever-expanding array of downstream di-
agnostic tools and technologies that are
increasingly relied upon to provide fur-
ther biological insight in order to inform
patient management (see figure). High-
grade B-cell lymphoma with MYC and
BCL2 and/or BCL6 rearrangements is a
recently recognized entity by the World
Health Organization (WHO) whose defi-
nition is reliant on these technologies
and hostage to their limitations.2 Although

this entity is currently defined by the
presence of structural variants involving
MYC and BCL21/2 BCL6 (typically de-
tected by fluorescence in situ hybridiza-
tion [FISH]), it is clear that the “true”
double-hit lymphoma biological entity
extends far beyond those with detect-
able abnormalities by conventional FISH
testing. A major step toward biological
bedrock was the development of a
specific gene expression signature that
could identify double-hit lymphoma bi-
ology, which revealed that ;50% of
patients with the clinicobiological features
of double-hit lymphoma was unrecog-
nized by conventional FISH testing.3

Although this may be related in part to
the technical performance and discordance

of commonly used FISH probes,4 sub-
sequent whole-genome sequencing stud-
ies have shown that ;30% of these
patients harbor translocations of MYC/
BCL2/BCL6 loci that are cryptic to FISH.5

However, despite the improved pickup
rate when using high-resolution mas-
sively parallel sequencing technologies,
there is still a significant proportion of
patients that belong to the true biological
double-hit lymphoma subgroup as defined
by gene expression profiling, that do not
harbor classical translocations of these
loci.

This study by Collinge et al investigates
other potential pathways to double-hit
lymphoma biology. Using a gene ex-
pression signature developed on a co-
hort of high-grade B-cell lymphoma with
BCL2 rearrangements, double or triple
hit, to define true biological double-hit
lymphoma, the authors first show that
copy number gains of MYC (present in
;20% to 25% of patients) do not rou-
tinely lead to MYC overexpression and
are not equivalent to MYC translocations
in that they do not lead to double-hit
lymphoma biology. Likewise, copy num-
ber gains of BCL2 (despite their associa-
tion with overexpression) were also shown
to be nonequivalent to BCL2 transloca-
tions with regard to double-hit lymphoma
biology. Further study is required to de-
termine whether the biological basis of
this observation relates to a specific re-
quirement of the regulatory region of the
partner chromosome (immunoglobulin
locus or otherwise), and furthermore, how
different MYC/BCL2 translocation part-
ners may also affect the biological out-
come. In addition, the impact of BCL6
genomic abnormalities as well as any ef-
fect of histological features, such as
blastoid morphology, also remains to be
elucidated. However, regardless of the
underlying mechanism, these findings in-
dicate that we have more or less reached
the limit of FISH to identify cases of true
biological double-hit lymphoma, which
falls significantly short of identifying the
entire population of interest.

Immunohistochemistry (IHC) staining for
MYC has previously been investigated as
a means of triaging those patients in
whom FISH testing is warranted to detect
MYC translocations. Although this ap-
proach was used by diagnostic labora-
tories initially, it has since become clear
that a significant proportion of patients
harboringMYC translocations (30% in the
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current study) are “negative” for MYC
staining by IHC. Onemechanism of false-
negative staining (ie, negative MYC IHC
in the presence of increased MYC ex-
pression) that has been reported in this
work is the presence of a relatively rare
(2% to 3%) germline polymorphism,
NM_002467.4:c.77A.G; p.(Asn26Ser)
(referred to in this work as MYC-N11S),
that disrupts the binding epitope of a
commonly used IHC clone (Y69). It is also
highly likely that other mutations (both
germline and acquired through aberrant
somatic hypermutation ofMYC) will result
in false-negative MYC IHC staining in a
proportion of cases and further rein-
forces that IHC cannot be routinely re-
lied upon to triage cases prior to FISH
testing when pursuing a diagnosis of
double-hit lymphoma.

The limitations of FISH and IHC in this
context for identifying double-hit biology
raise the question of whether gene ex-
pression profiling should be routinely
used clinically to identify this important
subtype. There is little doubt that gene
expression profiling is a powerful method
for accurate identification of double-hit
lymphoma (as well as Burkitt lymphoma,
primary mediastinal B-cell lymphoma,
DLBCL cell of origin, T-cell lymphoma
subtyping, and others); however, up until
now this technique has not been widely
implemented into routine diagnostic
hematopathology practice. Although the
reasons for this may be related to tech-
nical (instrumentation, bioinformatics sup-
port, availability of appropriate tissue) or
financial considerations, it may equally
be related to the lack of an evidence-
based clinical intervention to improve
outcomes based on the results of these
specific signatures. Regardless, there is
little doubt that the prerequisite for
improving outcomes in patients with
DLBCL (and hematological malignancy
more broadly) is to accurately establish
the patient’s diagnosis with appropriate
respect to conventional WHO criteria as
well as the molecular and biological
phenotype. In 2020, the light micro-
scope, one of the great survivors in the
pantheon of scientific instruments, re-
tains its relevance; however, there is
clearly further work to do to optimize
and effectively implement downstream
technologies to fully capture double-hit
lymphoma.
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A novel “vascular”
thrombophilia
Ravi K. Alluri and Keith R. McCrae | Cleveland Clinic

In this issue of Blood, Fassel et al1 report a higher frequency of reduced
plasminogen-activating capacity by peripheral blood mononuclear cells (PBMCs)
from patients with thrombosis and a positive family history, but not a known
inherited thrombophilia, compared with either patients without a family history
of thrombosis or patients with a family history accompanied by an inherited
thrombophilia (see figure). Deficient cell surface plasmin generation by PBMCs,
used in this study as a surrogate for endothelial cells, was caused by decreased
expression of annexin A2. This report extends previous studies, primarily in
animal models, suggesting an important role for annexin A2–mediated plasmin
generation on the vascular wall in themaintenance of blood fluidity and suggests
that deficient annexin A2 expression may represent a novel variant of throm-
bophilia that is independent of altered levels and/or mutations in circulating
coagulation proteins or their inhibitors.

Annexin A2 is 1 of a family of 12 annexins
and is highly conserved amongmammalian
species. It has been associated with a re-
markable array of biologic functions, most
of which depend on its membrane binding
and organizing properties. Annexin A2 is
expressed in many cell types, including
endothelial cells, monocytes, macro-
phages, trophoblasts, and tumor cells,
among others.2 In endothelial cells, the
majority of annexin A2 is present in the
cytoplasm, existing largely as a 36-kDa
monomer, with only about 4% trans-
located to the external plasma mem-
brane in the form of a heterotetramer
with S100A10 (p11). The mechanism by
which annexin A2 is translocated to the cell
surface is not well understood; translocation
is stimulated by thrombin, hypoxia, and
other cell activators or stressors and is
dependent on phosphorylation of Y23 by a

pp60src-like kinase. Translocation also
requires expression of p11, which is sta-
bilized by binding to annexin A2.3

By binding both tissue plasminogen acti-
vator (t-PA) and plasminogen, the annexin
A2•p11 heterotetramer mediates activa-
tion of plasminogen by t-PA.4 t-PA binds to
an LCKLSL sequence in the N-terminal tail
of annexin A2, whereas plasminogen binds
to a C-terminal lysine (K308) of annexin A2,
thought to be generated by partial annexin
A2proteolysis5 and/or theC-terminal lysine
of p11.6 Through binding both reac-
tants, annexin A2 lowers the KM and
increases the catalytic efficiency of
t-PA–mediated plasminogen activation
by ;60-fold4; in the context of endo-
thelial cells, this leads to increased
vascular wall fibrinolytic activity.
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