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breakpoint analysis is the way forward to
identify high-risk t(4;14) patients.
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Highs and lows of t(4;14) in
multiple myeloma
Bruno Paiva and Maria-Jose Calasanz | Clinica Universidad de Navarra

In this issue of Blood, Stong et al show that true high-risk t(4;14) multiple
myeloma (MM) patients can be identified by using the coordinates of the
translocation breakpoints in the NSD2 gene.1 The authors provide an
elegant and detailed characterization of a single genetic alteration that
improves our understanding of disease biology and prediction of clinical
outcomes (see figure).
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Among the first reports showing the
presence of t(4;14) in MM were those
published in 1997 by Chesi et al2 and
Richelda et al.3 One year later, Chesi
et al4 demonstrated that the t(4;14) was
an interesting example of an IgH trans-
location that simultaneously dysregu-
lates 2 genes with oncogenic potential:
FGFR3 and MMSET, which is currently
named NSD2. In 2001, Fonseca et al
showed that the t(4;14) was strongly
associated with chromosome 13 abnor-
malities.5 This finding was confirmed in
the comprehensive analysis performed
by Stong et al,1 which further uncovered
a constellation of copy number alter-
ations and somatic mutations that were
enriched in t(4;14) patients. Most inter-
estingly, FGFR3 mutations were exclu-
sive to these and absent in non-t(4;14)
patients, but such mutations had no
impact in survival.1

In 2001 and 2003, Rasmussen et al6 and
Keats et al7 concluded that, in MM,
t(4;14) is an adverse prognostic factor
irrespective of FGFR3 expression. Notably,
Stong et al1 confirmed this finding and
uncovered that expression of NSD2 was
also unrelated to poor outcome. In 2013,
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Walker et al8 performed whole genome
sequencing and identified breakpoint
locations upstream of the NSD2 gene
or within the coding sequence. Other
groups have suggested a potential asso-
ciation between expression of NSD2
truncated isoforms (resulting from break-
point locations within the coding seq-
uence) and a poor prognosis, but the
study from Stong et al, performed in the
largest cohort of 258 t(4;14) newly diag-
nosed MM patients (153 discovery and
105 independent replication), showed
unequivocally that only those with a
breakpoint within the NSD2 gene and
downstream of the translation start site
(coined as “late disruption”; 31%) have a
dismal overall survival.1 Patients with a
breakpoint between the transcription and
translation start site (“early disruption”;
23.5%) and upstream (“no disruption”;
45.5%) of the NSD2 gene displayed pro-
gressively longer survival.1 Importantly,
risk stratification according to the 3
breakpoint regions was superior to that
achieved with previously identifiedNSD2
truncated isoforms.1 Thus, an NSD2

The authors have probably generated
the largest dataset on t(4;14) MM, which
includes whole genome and RNA
sequencing data. The latter were used to
analyze fusion NSD2 transcripts, which
confirmed in most patients the correla-
tion between the no disruption or early
disruption and full-length fusion tran-
scripts, as well as between late disrup-
tion and truncated fusion transcripts.1

Further investigation from this group
using data from RNA sequencing will
be an important sequel of this article,
hopefully identifying novel therapeutic
targets for t(4;14) MM. The identification
of true high-risk t(4;14) may prove
extremely useful for the initial use of
targeted therapy for this genetic risk
group. The median overall survival of
patients with no disruption, early disrup-
tion, and late disruption t(4;14) was 75.1,
59.4 and 28.6 months, respectively.1

The discovery and independent replica-
tion cohorts included patients receiv-
ing numerous induction regimens and
transplant-based and nontransplant ap-
proaches, as well as maintenance of
fixed vs continuous duration. Thus,
although targeted therapies are eagerly
awaited for this and other genetic sub-
groups, future analyses should address
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The presence of multiple t(4;14) myelomas is illustrated in this schematic figure. Tumor cells from patients with t(4;14) may look similar under the microscope during
morphologic and cytogenetic assessments (using fluorescence in situ hybridization [FISH]). Yet, identifying the coordinates of the translocation breakpoints in the NSD2 gene
using next-generation sequencing (NGS), could uncover the presence of no, early, and late disruption subgroups with different median overall survival (OS). Professional
illustration by Somersault18:24.
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whether the dismal survival of patients
with late disruption t(4;14) can be
improved with the nuances of current
treatment approaches, including the use
of anti-CD38 monoclonal antibodies
upfront. In such analyses, that would
probably require an even larger series of
patients with t(4;14), it will be interesting
to investigate whether the multiparam-
eter definition of cytogenetic risk pro-
posed by the same authors9 is able to
improve outcome predictions in each of
the newly defined t(4;14) molecular
subgroups.

Both the late and early disruption NSD2
breakpoint, as well as del(17p), del(1p),
and 1qAmp, were significantly associ-
ated with inferior overall survival in a
multivariate analysis, although age or the
International Staging System (ISS) eval-
uation were not.1 These data, along with
prior publications by some of the same
authors that identified del(17p) with
cancer clonal fraction of 0.55 or higher
and 1qAmp as high-risk features, “makes
a scientific case to discuss modifications
of the revised ISS (R-ISS) criteria to
define high-risk MM.”1 Interestingly, a
second revision of the R-ISS (R2-ISS) was
recently proposed, which includes chro-
mosome 1q gain/amplification, that
outperforms the R-ISS.10 The authors
might be correct in their claim, but new
staging systems must prove superiority
to the R2-ISS, and should be easily per-
formed worldwide. Unfortunately, next-
generation sequencing or polymerase
chain reaction-based approaches to
characterize high-risk t(4;14) are not
performed routinely. Many groups sup-
port a progressive replacement of kar-
yotyping and fluorescence in situ
hybridization by targeted sequencing;
the study from Stong et al nicely shows
that such a replacement is not only
about studying more genetic alterations
using a single assay, but also detailed
characterization of selected abnormal-
ities for improved risk stratification in
MM. A targeted sequencing panel
should therefore analyze the coordinates
of the translocation breakpoints in the
NSD2 gene. The authors should be
commended for showing why and how
this should be done.
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 inhibitor vecabrutinib that has been
attributed to impaired target occupancy.8
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The cat-and-mouse game of
BTK inhibition
Ana Portelinha and Hans-Guido Wendel | Memorial Sloan Kettering Cancer
Center

In this issue of Blood, Zhang et al1 report the preclinical efficacy of a new
Bruton tyrosine kinase (BTK) degrader molecule (NRX-0492, a close relative
of the clinical compounds NX-2127 and NX-5948)2 to overcome BTK inhibitor
resistance. The authors show that NRX-0492 degrades wild-type and C481
mutant BTK, resulting in significant single-agent activity against chronic
lymphatic leukemia (CLL) patient-derived xenografts in vivo.1 A closely
related compound, NX-2127,2 is now in clinical trials in B-cell malignancies
(NCT04830137).
bld-2022-018007-c-m
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BTK is a required component of B-cell
receptor signaling that stimulates the
proliferation of malignant B cells in dis-
eases such as CLL and mantle cell lym-
phoma. BTK itself is not a target of
oncogenic or activating mutations;
however, BTK is required to transmit
growth signals and to sustain the malig-
nant B cells. Ibrutinib is the first-in-class
BTK inhibitor and has dramatically
changed the treatment of CLL patients.3

Ibrutinib covalently binds to a cysteine
residue (C481) in the active site of BTK,
and resistance mutations such as C481S
abolish ibrutinib binding, thereby
restoring normal BTK functions.4 This has
prompted the development of second-
generation, noncovalent BTK inhibitors
that retain activity against C481 mutant
disease. Genetic mutagenesis studies in
our laboratory predicted BTK mutations
that could interfere with noncovalent
BTK inhibitors, and these have recently
been confirmed in CLL patient speci-
mens.5,6 Especially noteworthy is a
gatekeeper residue T474 that is
analogous to the T315 gatekeeper in
imatinib-resistant BCR-ABL (breakpoint
cluster region of the Abelson gene).
Mutation of T474 impairs the binding of
different noncovalent BTK inhibitors.5

The degrader molecules (NX-2127, NX-
5948, NRX-0492) use a noncovalent
BTK inhibitor moiety as a “hook” that is
linked to a “harness” and recruits the E3
ligase adaptor cereblon.7 This approach
has been applied to other targets,
including transcription factors, BTK, and
other kinases, with the goal of triggering
ubiquitylation and proteasomal degra-
dation. The compounds discussed here
act on wild-type and C481S mutant BTK
at sub-nanomolar concentrations and
cause rapid degradation, leading to
responses in patient-derived xenografts
in vivo that the authors describe as
comparable to those of alternate BTK
inhibitors.

How are these compounds superior to
noncovalent BTK inhibitors? The key
MBER 13
difference lies in the requirement for
prolonged and near-complete target
occupancy for regular kinase inhibitors. By
contrast, the degraders trigger loss of the
BTK protein and do not need to occupy
all or most BTK molecules for a prolonged
time. This leads to different pharmacody-
namic properties and results in prolonged
target inhibition beyond the drug’s clear-
ance time. The relevance of this observa-
tion is demonstrated by the lackluster
clinical activity of the noncovalent BTK

To what extent this difference may trans-
late into superior clinical activity and
how it may affect unwanted side effects
and toxicities of regular kinase inhibitors
remains to be seen. A surprising finding
is that the degrader shows binding to
BTK proteins with the T474I gatekeeper
mutation. This is unexpected, because
a noncovalent inhibitor is used as the
“hook” and the T474 residue impairs
access of these compounds to the BTK
binding pocket.5 The therapeutic effect
of this experimental binding is not fully
explored in the present study. However,
recent abstracts submitted to the 2022
American Society of Hematology meeting
appear to confirm the activity BKT
degrader molecules in cells harboring
mutations that impair covalent inhibitor
binding in vitro and even in patients. On
the other hand, one would not expect that
BTK degraders will be able to overcome
mechanisms of resistance that bypass the
cellular effects of BTK loss, such as acti-
vation of phospholipase C gamma-
mediated signaling.4 The new targeting
mechanism further depends on an intact
protein degradation machinery, and this
may provide cancer cells a potential
escape mechanism to the class of
compounds.

In summary, the study reports on the
sub-nanomolar efficacy and in vivo
activity of a new, orally bioavailable BTK
degrader with advantages in target
occupancy that overcome ibrutinib
resistance related to the C481 mutation
and that, intriguingly, may even retain
activity against BTK forms that are resis-
tant to noncovalent inhibitors. Hence,
BTK degraders ring the opening bell for
a new round in the cat-and-mouse game
of BTK-directed therapeutics.
Conflict-of-interest disclosure: The
authors declare no competing financial
interests. ▪
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