
an enhanced demand for biosynthetic
processes, mitochondria are essential in
controlling redox and calcium balance, as
well as cell death. Therefore, they are at
the interface between environmental cues
and the control of the epigenetic identity.
Indeed, mitochondria export intermedi-
ate metabolites needed for the activities
of chromatin remodeling enzymes such as
histone acetylases/deacetylases and DNA
and histone methylases/demethylases.9

Furthermore, the role of mitochondrial
ROS-mediated signaling must not be
neglected in this context. ROS, once
considered a harmful by-product of cel-
lular respiration, is now recognized as a
powerful second messenger, proven to
activate/inactivate protein phosphatases
and kinases as well as transcription factors,
when kept below a cytotoxic threshold.10

Insightfully, Hu et al showed that treat-
ment of SRC-32/2 mice with the antioxi-
dant NAC resulted, under conditions
suppressing the overproduction of ROS
in HSCs, in rescue of the expanded
number, reduced quiescence, and
increased proliferation of SRC-32/2 LT-
HSCs and in improvement of their
engraftment. This finding is in line with
previously reported observations showing
that antioxidant treatment prevented/
reversed alterations of the HSCs homeo-
stasis elicited by knocking out genes
coding for mTOR, ATM, FoxO3, LKB1,
paving the way to new as well as chal-
lenging investigations. Indeed, the chem-
ical nature of the reactive oxygen (and
possibly nitrogen) species acting as sig-
naling molecules and their target(s) re-
main still largely elusive in the context of
the HSC biology. Nevertheless, disen-
tangling these aspects might provide
effective clinical tools in regenerative
medicine. Finally, the study by Hu et al
stimulates more in-depth examinations of
the role of SRC-3 in cancer stem cells and
tumor genesis, given its overexpression in
different human cancers, representing an
exciting avenue for future exploration.
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Comment on Branford et al, page 948

Non-Ph variants
in CML: guilty drivers?
Satu Mustjoki | University of Helsinki; Helsinki University Hospital
Comprehensive Cancer Center

In this issue of Blood, Branford et al report that somatic variants other than
BCR-ABL1 are frequently found in patients with newly diagnosed chronic
myeloid leukemia (CML).1 Notably, up to 70%of patientswith a poor response
to tyrosine kinase inhibitor (TKI) therapy with subsequent blast crisis had
clinically relevant genetic variants, including somatic mutations, copy number
variations, and novel fusion genes.

CML has been a model used to un-
derstand cancer development. Less than
60 years ago, the genetic abnormality,
Philadelphia (Ph) translocation (trans-
location occurring between long arms of
chromosomes 9 and 22), was described
by Peter Nowell and David Hungerford.
Since this discovery, targeted inhibition
of the oncogenic BCR-ABL1 tyrosine ki-
nase by small-molecule inhibitors (TKI)
has profoundly changed the therapy
of CML. Currently, the life expectancy of
CML patients is close to that of the age-
matched normal population.2 Further, the
current goal of CML therapy is treatment-
free remission and discontinuance of TKI
therapy without relapse of the disease.
However, a small proportion of patients fail
to achieve optimal response to TKI therapy;
in extreme cases, this will lead to full-blown
acute leukemia-like disease with limited
treatment options.3 Although many risk
classifications exist (such as Sokal, Euro,

and European Treatment and Outcome
Study risk scores), chronic-phase CML pa-
tients are still treated with “one-size-fits-all”
type of therapy starting usually with first-
generation TKI imatinib. Interestingly,
the disease evolution to blast crisis usu-
ally occurs within the first 2 years after
diagnosis, suggesting that underlying
disease biology in these poorly re-
sponding patients is different. If these
patients could be identified at diagnosis,
alternative treatment that would hopefully
avert the subsequent blast crisis could
be studied and developed.

To investigate the presence of addi-
tional genetic variants, Branford et al se-
quenced 46 chronic-phase CML patients
at diagnosis with whole exome and RNA
sequencing. They chose their cohort of
patients from 2 extremes: 27 patients
with a poor response to TKI therapy with
26 of these evolving to blast crisis, and
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19 patients with an excellent response
to TKI therapy with the achievement of
a major molecular remission. Nineteen
of 27 patients with poor response had
clinically relevant variants occurringmostly
in known cancer genes such as in ASXL1,
IKZF1, RUNX1, and TP53 (see figure).
Some of these mutations had clear asso-
ciations with disease phenotypes such
as IKZF1 alterations occurring in 5 of
6 patients developing lymphoid blast
crisis. Similarly, of 7 patients with copy
number variations at diagnosis, 5 evolved
to blast phase and 1 had resistance to all
4 TKIs used in the treatment. Interestingly,
novel Ph chromosome-associated gene
rearrangements and fusions were also
discovered, such as the BCR-NUP214-ABL1
transcript, and they were more common in
patients with poor outcome.

In addition to sequencing performed in
chronic phase, authors also analyzed
39 patients in blast crisis with paired sam-
ples from the chronic phase. All patients
had variants in the cancer genes such as in
IKZF1, RUNX1, ASXL1, BCORL1, and IDH1.
In addition, known and novel gene fusions
not associated with the Ph translocation
were common (observed in 42% of blast
phase patients).

Although this is the most comprehensive
analysis of CML exomes thus far, there
are still remaining questions needing
study. What is the cause for blast crisis in
patients who do not have additional
variants at the diagnosis; could epige-
netic alterations play a role or are blast
phase initiating clones just so small
that they were missed with the bulk

sequencing, requiring single-cell methods
to detect?4,5 Are the particular alterations
such as the variants in IKZF1, RUNX1, and
TP53 always a sign of poor prognosis? It
should be noted that poor responder
patients in this study do not resemble the
typical chronic-phase CML cohort be-
cause blast phase is rare, with an in-
cidence of only 1% to 2% per year in the
first-line treatment. Furthermore, patients
with suboptimal response, which is a
much more common problem during cur-
rent CML treatment, were not analyzed
at all in this study. Some of the previous
studies have shown that, for example
RUNX1 alterations, are not always associ-
ated with poor outcome.6 It is also impor-
tant to determine what kind of alternative
treatment options can be offered for pa-
tients with poor prognosis variants if the
screening for these alterations is to be
added to the diagnostic workup. Perhaps
allogeneic stem cell transplantation could
be offered as a first-line treatment to
thesepatients doomed todisease evolution
with standard TKI therapy. Because most
ongoing clinical studies in CML address
the achievement of treatment-free remis-
sion, it would be of major interest to study
whether some of the variants detected
in good responding patients are not just
mere innocent passengers but associated
with the biology of the disease. Distinct
variants could stratify a group of patients
who cannot discontinue the current
standard TKI therapy and would need
alternative and/or combined treatment
options to achieve this goal.

The authors conclude that, as genetic anal-
yses become more and more affordable

and available, it is important to gain a
deeper understanding of the whole so-
matic genome in CML. Larger patient
cohorts are needed, and similar studies
have been ongoing with several other
groups.6-10 Pooled analyses from vari-
ous studies should address in the future
whether additional genetic analyses could
guide risk-adapted therapy and lead to a
final cure of CML.
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Optimal response Poor outcome

Need for additional diagnostic
testing and patient stratification?

Patient with
additional variant

No variant detected

Chronic-phase CML patients at the diagnosis. Samples from 19 CML patients with optimal response to TKI therapy
(achievement of major molecular remission) and from 27 patients with poor response (26 evolved to blast phase
during TKI therapy and 1 patient was resistant to all TKIs) were sequenced with exome and RNA sequencing.
Genetic variants in cancer genes involving somatic mutations, fusions, and copy number variations were common in
patients with poor response.
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