
study using data from the patients’ samples. The activity
of APY0201 was highest in patient-derived samples with
hyperdiploidy (trisomies with one or more odd-numbered
chromosomes) and lowest in patients’ samples with a
t(11;14) translocation. In addition, ex-vivo samples with
high TFEB levels were sensitive to APY0201. High TFEB
levels have been associated with increased autophagic flux
suggesting that autophagic flux may be directly related to
PIKfyve inhibition. These preliminary results may suggest
patient populations that could be enriched for in a future
clinical trial. 

In conclusion, Bonolo de Campos et al. provide exciting
data to support the ongoing investigation of therapeutical-
ly manipulating targets specific to plasma cell function,
particularly protein handling in myeloma.2 Although the
finer details of the actual mechanisms may differ some-
what between multiple myeloma and non-Hodgkin lym-
phoma, data from this study and those performed in non-
Hodgkin lymphoma provide compelling evidence for the
role of PIKfyve inhibition in inducing cell death, with
changes seen in the autophagy and lysosomal pathways.
Notably, this study demonstrates the importance of the
inherent genetic differences in myeloma biology and the
potential role of PIKfyve inhibitors in targeting a distinct
group of genetically defined myeloma to continue this era
of personalized medicine.
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The core binding factor (CBF) acute myeloid
leukemias characterized by the t(8;21) and
inv(16)(p13q22)/t(16;16)(p13;q22) cytogenetic

abnormalities have long been known to prognostically
represent more favorable subcategories of acute myeloid
leukemia (AML). These translocations are characterized
by the presence of the RUNX1-RUNX1T1 (AML1-ETO)
and CBFB-MYH11 fusion transcripts, respectively. In fact,
the t(8;21) was the first cytogenetic abnormality identi-
fied in AML in 1973.1 These CBF-AML subtypes have
continued to remain in the favorable risk category in mul-
tiple classification systems up to the current time based
on their high rate of achievement of complete remission
with induction chemotherapy and their relatively low
relapse rate.2 Clinical trials over the years have demon-
strated that these two CBF-AML subtypes are particularly
responsive to high doses of cytarabine utilized in consol-
idation regimens. Addition of the immunoconjugate
drug, gemtuzumab ozogamicin, to induction chemother-
apy further reduces the risk of relapse and improves over-
all survival in patients with CBF-AML.3  The favorable
results of chemotherapy in patients with CBF-AML have
led to the widely accepted practice not to perform allo-

geneic blood or marrow transplant (alloBMT) in these
patients who achieve first remission. This is in contrast to
patients with AML with intermediate risk or unfavorable
risk features where allogeneic blood or marrow trans-
plant in first remission is a widely accepted practice. 

However, the two subtypes of CBF-AML are not the
same in all respects. Studies going back 15 years or more
have pointed out the difference between these two sub-
types.4   Use of next-generation sequencing (NGS) and
identification of additional gene mutations in patients
with AML have begun to further define differences
between the two. One of the first mutational abnormali-
ties found in subsets of patients with CBF-AML were c-
KIT mutations. The c-KIT mutation has been suggested to
be associated with a poorer prognosis in CBF-AML
patients but, here again, this mutation seems to have less
of a prognostic impact in patients with inv(16) compared
to those with t(8;21).5 NGS studies, which are now widely
utilized to assess prognosis in many subtypes of AML,
have been applied to patients with CBF-AML. Multiple
mutations in addition to c-KIT have been identified,
including genes activating tyrosine kinase signaling, such
as N/KRAS and FLT3. Mutations in genes that regulate



chromatin conformation or encode members of the
cohesin complex have been observed with high frequency
in t(8;21) AML, although they are infrequent in inv(16)
AML.6,7 These studies all highlight the heterogeneity of the
two subtypes of CBF-AML and have added further com-
plexity to their characterization. 

Additionally, monitoring for minimal or measurable
residual disease (MRD) by quantitative real-time poly-
merase chain reaction has been shown to risk stratify
patients and predict relapse and, as in other subtypes of
AML, has been shown to be a powerful prognostic factor.8

Despite the favorable risk categorization of CBF-AML,
up to 30-40% of these patients can still relapse after stan-
dard intensive induction and consolidation chemotherapy.
Once they do relapse, additional re-induction chemother-
apy is required to put them into second remission and,
generally, these patients are then candidates for alloBMT
in second remission in order to prevent subsequent relapse
and ensure durable second remissions. Fortunately, these
patients can achieve a second remission with chemother-
apy in up to 80-90% of the cases. In this setting, addition
of gemtuzumab ozogamicin can also help to lessen the
risk of subsequent relapse.9

Thus, the outcome of patients with CBF-AML who
have relapsed and achieve a second remission and subse-
quently undergo alloBMT is of significant importance in
the management of these patients. In this issue of
Haematologica, Halaburda and colleagues from the Acute
Leukemia Working Party of the European Society for
Blood and Marrow Transplantation report the results of
631 patients reported to the EBMT registry between 2000
and 2014 with CBF-AML.10 These patients came from 181
transplant centers, and a little over half of them  (n=366)
had an inv(16) and 265 of them (42%) had a t(8;21). There
were more males with t(8;21) than with inv(16), and time
from diagnosis to transplantation, and time from diagno-
sis to first remission, were also longer in the t(8;21) group.
Over half of the patients were transplanted between the
years 2010 and 2014, and 21% of patients had additional
cytogenetic abnormalities found at diagnosis. Molecular

abnormalities were identified, but were reported with low
frequency. Leukemia-free survival at 2-5 years was 59%
and 54%, respectively, while overall survival probabilities
were 65% and 58%, respectively. Relapse risk at two and
five years was 20% and 23%, respectively, and non-
relapse mortality was 21% and 23% at two and five years,
respectively. In multivariate analysis, factors negatively
impacting leukemia-free and overall survival were: t(8;21),
presence of three or more additional chromosomal abnor-
malities, and poor Karnofsky performance score of <80%.
Furthermore, additional cytogenetic abnormalities and the
t(8;21) increased relapse risk. Use of reduced intensity con-
ditioning in the transplant regimen also increased relapse
risk. As expected, the presence of MRD assessed by
molecular techniques before transplantation was associat-
ed with increased relapse risk and inferior leukemia-free
survival. 

One caveat to keep in mind in studies assessing the
results of alloBMT, particularly in patients with second
remission, is that these studies do not take into account
the outcome of all patients who have relapsed and they
thus select for patients who are able to achieve a second
remission and move on to transplant. These studies also
do not include an analysis of patients who relapse and fail
to achieve second remission, die in the attempt to achieve
a second remission, or have significant comorbidities
develop which preclude them from proceeding to trans-
plant. This has been described as the “myth of the second
remission”.11

Given the increasing heterogeneity of CBF-AML as out-
lined earlier, how are we now to determine which
patients with CBF-AML should undergo alloBMT in first
remission or continue to not be transplanted in first remis-
sion and only to proceed to transplant if they relapse and
achieve a second remission? There are increasing numbers
of prognostic scoring systems that are under development
for multiple diseases, and some of those emerging incor-
porate the availability of identification of additional genet-
ic abnormalities.12 In particular, a recent publication has
reported a novel scoring system for patients with the
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Figure 1. Risk factors and a novel scoring system (I-CBFit) for core-binding acute myeloid leukemia. (A) Risk ratios of risk factors for death or relapse. (B) Overall
survival (OS) according to I-CBFit. Ref: reference values; WBC: white blood cell count; d: days.



t(8;21) subtype of CBF-AML. This study of 247 patients
from the United States and Europe identified older age, a
KIT D816V mutation, a high white blood count, and pseu-
dodiploidy compared with hyper- or hypodiploidy into a
scoring system called the I-CBFit. This scoring system
demonstrated a disease-free survival rate at two years of
76% in patients with a low-risk I-CBFit score compared
with 36% for those with a high-risk I-CBFit score (Figure
1).13

Whereas in the past, CBF-AML has been characterized
and treated as a monolithic entity in terms of treatment
and prognosis, one must now take into account the multi-
ple clinical and laboratory characteristics in order to more
expertly characterize the prognosis of these patients so as
to design the most appropriate treatment plan and incor-
porate decision-making toward use of alloBMT in first or
second remission. The study by Halaburda and colleagues
from the Acute Leukemia Working Party of the EBMT10

adds a valuable source of information to help understand
the pros and cons of these approaches and the outcomes
of patients who undergo transplant with CBF-AML in sec-
ond remission. 
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