Acute Myeloid Leukemia

Allogeneic hematopoietic cell transplantation
improves outcome of adults with t(6;9) acute
myeloid leukemia: results from an international
collaborative study
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ABSTRACT

cute myeloid leukemia (AML) with t(6;9)(p22;q34) is a distinct entity

accounting for 1-2% of AML cases. A substantial proportion of these

patients have a concomitant FLT3-ITD. While outcomes are dismal
with intensive chemotherapy, limited evidence suggests allogeneic
hematopoietic cell transplantation (allo-HCT) may improve survival if per-
formed early during first complete remission. We report on a cohort of 178
patients with t(6;9)(p22;q34) within an international, multicenter collabora-
tion. Median age was 46 years (range: 16-76), AML was de novo in 88%,
FLT3-ITD was present in 62 %, and additional cytogenetic abnormalities in
21%. Complete remission was achieved in 81% (n=144), including 14
patients who received high-dose cytarabine after initial induction failure.
With a median follow up of 5.43 years, estimated overall survival at five
years was 38% (95%CI: 81-47%). Allo-HCT was performed in 117 (66 %)
patients, including 89 in first complete remission. Allo-HCT in first com-
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plete remission was associated with higher 5-year relapse-free and overall survival as compared to consoli-
dation chemotherapy: 45% (95%CI: 35-59%) and 53% (95%CI: 42-66%) versus 7% (95%CI: 3-19%) and
23% (95%CI: 13-38%), respectively. For patients undergoing allo-HCT, there was no difference in overall
survival rates at five years according to whether it was performed in first [53% (95%CI: 42-66%)], or second
[58% (95%CI: 31-100%); n=10] complete remission or with active disease/relapse [54% (95%CI: 34-84%);
n=18] (P=0.67). Neither FLT3-ITD nor additional chromosomal abnormalities impacted survival. In conclu-
sion, outcomes of t(6;9)(p22;q34) AML are poor with chemotherapy, and can be substantially improved with

allo-HCT.

Introduction

Acute myeloid leukemia (AML) with t(6;9)(p22;q34) has
been listed as a distinct entity in the World Health
Organization classification since 2008 and accounts for a
small group (1-2%) of AML patients."” The translocation
t(6;9), first described in AML in 1976,° results in formation
of the DEK-NUP214 chimeric fusion gene, where DEK at
6p22° is fused to NUP214 (formerly known as CAN),
located at 9g34.° This fusion gene acts as an aberrant tran-
scription factor and alters nuclear transport by binding sol-
uble transport factors.’ In addition, DEK-NUP214 has
been reported to enhance protein synthesis in myeloid
cells.*” In a murine model, DEK-NUP214 induced
leukemia when transduced to long-term repopulating
stem cells.®

Acute myeloid leukemia with t(6;9) occurs in children
and adults, as reported in a retrospective cohort analysis of
69 patients (31 children and 38 adults) with a median age
of 23 years, most of whom presented with de novo AML.?
Of note, 42-69% of pediatric and 73-90% of adult AML
patients with t(6;9) are described to harbor a concomitant
internal tandem duplication of the FLT3 gene (FLT3-
ITD),>”* while secondary cytogenetic abnormalities are
observed in 12-19% of pediatric and adult patients.>"

Clinically, t(6;9) AML has been associated with a poor
prognosis in children and adults,”*" with reported 5-year
overall survival (OS) rates of 28% and 9%, respectively.”
With this, adult patients with this translocation are catego-
rized into the adverse risk group according to the National
Comprehensive Cancer Network guidelines.’® Allogeneic
hematopoietic cell transplantation (allo-HCT) may
improve survival if performed during first complete remis-
sion (CR1).>” However, the results were hampered by the
small number of patients. Even results derived from a large
registry data base were inconclusive on this issue due to
missing data on allo-HCT."” Additionally, results on AML
patients with t(6;9)(p22;G34) are rarely reported, although
these patients were included in a recent large randomized
trial.”® Thus, international multicenter cohort studies are
the only opportunity to better describe characteristics and
evaluate outcome according to treatment strategies.

The objectives of our study were to characterize a large
cohort of AML patients with t(6;9)(p22;q34) in an interna-
tional, multicenter cohort and to evaluate outcomes
according to treatment.

Methods

Patients and treatment
Information on 178 patients with AML and t(6;9)(p22;q34)
diagnosed between 1989 and 2016 was collected from fourteen

study groups/institutions in the US and Europe. Participating cen-
ters were chosen upon network relationships of the first and last
author. Detailed case report forms (including information on
baseline characteristics, chemotherapy, allo-HCT, response, and
survival) were collected from all participating centers. Inclusion
criteria were adult patients with t(6;9)(p22;q34), eligible for inten-
sive therapy (ECOG 0-2), including (but not limited to) allo-HCT.
All patients who fulfilled these criteria were included by the par-
ticipating groups/institutions, respectively. Diagnosis of AML
was based on French-American-British Cooperative Group crite-
ria’’ and, after 2003, on revised International Working Group cri-
teria”’ Chromosome banding was performed using standard
techniques, and karyotypes were described according to the
International System for Human Cytogenetic Nomenclature.”!
FLT3 mutation screening for internal tandem duplications (ITD)
and point mutations within the tyrosine kinase domain (TKD)
was carried out at each institution per local practice.'*” Data col-
lection and analysis were approved by the Institutional Review
Boards of the participating centers.

Treatment

One-hundred and seventy-six of the 178 patients (99%)
received intensive induction treatment either within clinical trials
(n=116) or according to local institutional standards (n=62).
Treatment protocols included the Study Alliance Leukemia (SAL)
AMLI6™ and AML2003* trials, the United Kingdom AML10"
AML11,% AML12," AML14,% AML15," AML16® and AML177
protocols, as well as the ALFA 9801, 9802% and 0702 trials.
Induction therapy according to local standard most frequently
consisted of the 7+3 regimen of anthracycline plus cytarabine
(n=53). Two patients (1%) received either azacitidine or
decitabine as induction therapy and both went on to allo-HCT.
Response was assessed according to International Working
Group recommendations.” All studies were approved by the
institutional review boards of the participating centers. All
patients provided written informed consent for participation in
one of the treatment trials or for therapy according to local stan-

dards.

Statistical analysis

Survival end points including OS, relapse-free survival (RES),
cumulative incidence of relapse (CIR), and cumulative incidence
of death in CR (CID) were defined according to the revised rec-
ommendations of the International Working Group.”
Comparisons of patients' characteristics were performed with
the Kruskal-Wallis rank sum test for continuous variables and
Fisher’s exact test for categorical variables. The median follow-up
time was computed using the reverse Kaplan-Meier estimate.”
The Kaplan-Meier method was used to estimate the distribution
of RES and OS.* Confidence interval (CI) estimation for survival
curves was based on the cumulative hazard function using
Greenwood’s formula for variance estimation. Log rank tests
were employed to compare survival curves between groups. A
Cox proportional hazards regression model was used to identify



prognostic variables for OS.* The following variables were
included in the Cox models: age at diagnosis, gender, logarithm
of white blood cells, platelet count, FLT3-ITD mutational status,
and detection of additional cytogenetic abnormalities. The effect
of allo-HCT on OS as a time-dependent intervening event was
tested by using the Mantel-Byar method™ for univariable and
Andersen-Gill model for multivariable analyses.”® The method of
Simon and Makuch was used to estimate survival distributions
with respect to time-dependent interventions.*

The individuals at risk were initially all represented in the
chemotherapy group. If patients received an allo-HCT, they were
censored at this time point in the chemotherapy group and fur-
ther followed up within the allo-HCT group.

Cumulative incidence of relapse and CID and their standard
errors were computed according to the method described by
Gray” and included only patients attaining CR. Missing data
were replaced by 50 imputations using multivariate imputations
by chained equations applying predictive mean matching.®
Backward selection applying a stopping rule based on P-values
was used in multivariable regression models to exclude redun-
dant or unnecessary variables. All statistical analyses were per-
formed with the R statistical software environment, version
3.3.1, using the R packages prodlim, version 1.5.7, and survival,
version 2.39-5.%

Results

Study cohort

Overall demographic and clinical data were collected
from 178 patients (MRC, n=75; SAL, n=27; Fred
Hutchinson Cancer Research Center, Seattle, n=12; ALFA,
n=12; Dana-Faber Cancer Institute and Massachusetts
General Hospital, Boston, n=12; Johns Hopkins
University, Baltimore, n=8; Charité-University Medical
Center Berlin, n=7; University of Maryland Greenebaum
Comprehensive Cancer Center, n=6; Memorial Sloan
Kettering Cancer Center, New York, n=6; Perelman School
of Medicine at the University of Pennsylvania, n=4; Mayo
Clinic Rochester, n=4; Czech Leukemia Centers, n=4;
University Hospital Bonn, n=1) diagnosed with
t(6;9)(p22;q34) AML between 1989 and 2016. Baseline
characteristics are summarized in Table 1; median age was
46 years (range: 16-76) and 82 patients (46 %) were female.
Type of AML was de novo in 157 (88%), therapy-related in
4 (2%), and secondary after previous myelodysplastic syn-
drome (MDS)/myeloproliferative neoplasm in 12 (7%)
patients. In addition, five (3%) patients with MDS treated
intensively according to AML protocols were included in
this analysis. Median white blood cell (WBC) count was
16.6x10°/L (range: 0.5-274) and was significantly higher in
patients with, compared to without, FLT3-ITD (P=0.02).

Cytogenetic and molecular analyses

The balanced translocation t(6;9)(p22;q34) was the sole
abnormality in 140 (79%) patients, while additional cyto-
genetic abnormalities were present in 38 (21%). Of note,
trisomy 13 was present in ten patients, either as a sole
additional abnormality (n=1), in combination with tri-
somy 8 (n=2) or with another balanced translocation
(n=2), or within a complex karyotype characterized by
gains only (n=5). FLT3-ITD molecular testing was avail-
able in 127 (71%) patients and 79 (62%) had FLT3-ITD.
FLT3-TKD mutational status was available in 76 (43%)
and 4 (5%) were mutated (Table 1).

Outcome of adult t(6;9) AML

Response to induction therapy

Data on response to induction therapy were available in
all patients. Early death (ED) occurred in two (1%)
patients. Overall, CR was achieved in 144 patients (81%).
Thirty-five patients with initial induction failure received
a salvage therapy [high-dose cytarabine (HiDAC-)-based,
n=23; other intensive, n=3; not intensive, n=4; unknown,
n=>5)] and 23 of them achieved a CR (66%), including 14
after HIDAC. The CR rate in patients with FLT3-ITD was
81% (64 of 79 patients) as compared to 77% (37 of 48
patients) in patients without FLT3-ITD (P=0.65). No prog-
nostic factors for CR achievement were identified within
the available baseline characteristics. Two of five patients
with MDS achieved a CR according to AML criteria. In six
patients with FLT3-ITD treated on the AML15 (n=2) or
AML17 (n=4) trials, lestaurtinib® was added to induction
therapy and all patients achieved a CR.

Further therapy including intensive consolidation and
allogeneic hematopoietic stem cell transplantation

Fifty-five (38%) of 144 patients in CR1 received inten-
sive consolidation chemotherapy without transplantation,
whereas 89 (62 %) proceeded to allo-HCT. The majority of
the patients (n=52 of 89, 58%) who went on to allo-HCT
received a consolidation therapy prior to transplant.

Relapses occurred in 47 (85%) patients after consolida-
tion chemotherapy and in 28 (31%) after allo-HCT in
CR1. Relapsed patients without allo-HCT died after in
median 5.4 months (range: 1-31.6 months). Twenty-one
patients who relapsed after allo-HCT died.

Three patients died after consolidation chemotherapy
and seventeen in CR after allo-HCT in CR1, mainly due to
graft-versus-host disease (GvHD; n=>5) or infections (n=4).

Tyrosine kinase inhibitors (TKI) were given after relapse
in seven patients with FLT3-ITD, either as single agents
(n=6) or in combination with chemotherapy (n=1) (post
allo-HCT, n=4; post chemotherapy, n=3). A CR2 was
achieved in one patient after treatment with gilteritinib®
and a second patient achieved CR2 with incomplete
hematologic recovery (CRi) after treatment with lestaur-
tinib in combination with mitoxantrone/etoposide/cytara-
bine. The first patient died in CR one month after
initiation of gilteritinib due to a perforated intestine and
sepsis. The second patient relapsed six months after
achieving CR2 and received donor lymphocytes, but died
six months later due to progressive disease. Another
patient was salvaged with quizartinib and achieved a par-
tial remission (9% blast cells in bone marrow). The patient
then went on to allo-HCT, but died one month later due
to GvHD. Treatment with either gilteritinib or sorafenib
was not successful in the other four patients.

Allogeneic hematopoietic stem cell transplantation in
second complete remission

Among patients not proceeding to allo-HCT in CR1, ten
patients were transplanted in CR2. Of those, six have died
at a median of 16.5 months after allo-HCT. Causes of
death in CR were infection (n=2), graft failure (n=1),
multi-organ failure (n=1), and unknown (n=1). One
patient relapsed and died due to AML.

Allogeneic hematopoietic stem cell transplantation
with residual disease

In 34 patients not achieving a CR after intensive induc-
tion therapy, 15 (44%) proceeded to allo-HCT with active
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disease. Of those, six patients are still in CR after amedian 15 days after transplant in another patient. One patient
follow up of 66.5 months (range: 11.8-110.8 months) and  died due to refractory AML after relapse.
two patients achieved CR2 after relapse and are still in CR,
whereas seven patients died (transplant-related mortality, ~Characteristics of patients undergoing allogeneic
n=4; refractory AML after relapse, n=2; pulmonary hematopoietic stem cell transplantation
embolism 7.9 years after transplant, n=1). Overall, an allo-HCT was performed in 117 of the 178
patients (66%), either in CR1 (n=89) or CR2 (n=10), with
Allogeneic hematopoietic stem cell transplantation refractory disease (n=15) or after relapse (n=3) with no
after relapse differences in baseline characteristics between groups
Three patients proceeded to allo-HCT with active dis-  (Table 1).
ease after relapse and all of these patients died. Causes of The majority of patients (n=76) received myeloablative
death included infection after 56 days in one and GvHD  conditioning, including total body irradiation (TBI) in 39
Table 1. Baseline characteristics of patients with acute myeloid leukemia and t(6;9)(p22;q34).
All patients Subset of patients Subset of patients
(n=178) undergoing allo-HCT in CR undergoing allo-HCT with
(n=99) active disease/ relapse (n=18)
Median age (years) (Range) 46 43 46
(16-76) (16-71) (19-69)
Male gender, n (%) 96 (54) 57 (58) 9 (50)
Median WBC, x10%/L (Range) 16.6 13.1 16.3
(0.5-274) (0.5-274) (1.5-200.4)
Missing 12 8 1
Median hemoglobin, g/dL (Range) 8.6 8.6 9
(3.2-142) (3.2-14.2) (4.6-13.1)
Missing 29 18 2
Median platelets, x107L (Range) 53 53 59
(7-451) (7-451) (10-229)
Missing 21 13 2
Median BM blasts, % (Range) 60 55 60
(7-100) (10-100) (7-90)
Missing 22 12 1
Cytogenetics, n (%)
As sole aberration 140 (79) 79 (80) 14 (78)
Including +13* 10 (6) 6 (6) -
Sole +13 1 - -
+8,+13 2 1 -
Other complex** 11 (6) 6 (6) 1(6)
Nullisomy X/Y 4(2) - 2 (11
Other* 13(N (7 1(6)
Disease type, n (%)
De novo AML 157 (88) 88 (89) 15 (83)
s-AML 12 (1) (7 1 (6)
t-AML 4(2) 3(3) -
MDS 5(@3) 1(1) 2 (1)
FLT3-ITD
n (%) 79 (62) 43 (57) 9 (60)
Missing 51 25 3
FLT3-TKD
n (%) 4(5) 4(8) -
Missing 102 48 9
allo; allogeneic; AML: acute myeloid leukemia; BM: bone marrow; CR: complete remission; FLT3: fms-related tyrosine kinase 3; HCT. hematopoietic cell transplantation; ITD:
internal tandem duplication; ssAML: AML after previous myelodysplastic syndrome / myeloproliferative neoplasm; t-AML: therapy-related AML; TKD: tyrosine kinase domain;
WBC: white blood cell count. *Within a complex karyotype characterized by gains only (n=5). **Within a complex karyotype characterized by losses and unbalanced translo-
cations. *Other than +8/+13/nullisomy X/Y.Results may not add-up to 100 due to rounding.
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Outcome of adult t(6;9) AML
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Table 2. Relapse-free and overall survival according to treatment strategy in first complete remission.

5-years RFS %
Allo-HCT (n=89) 45
Consolidation chemotherapy 7

(n=>55)

95%-CI 5-year 0S % 95%-Cl
35-59 53 42-66
3-19 23 13-38

allo-HCT: allogeneic hematopoietic cell transplantation; Cl: confidence interval; OS: overall survival; RFS: relapse-free survival. Median follow up was 5.43 years (95%Cl: 3.93-6.53

years).

patients. Forty-one patients received reduced-intensity
conditioning. Source of donor was matched related in 46,
matched unrelated in 54, haplo-identical in 11, cord blood
in five, and unknown in one of the 117 patients.

Cumulative incidence of relapse, cumulative incidence
of death in complete remission and survival

The median follow up of the entire cohort was 5.43
years (95%CI: 8.93-6.53 years). Median and 5-year OS of
the entire cohort were 2.25 years (95%CI: 1.56-3.70
years) and 38% (95%CI: 31-47%). Five-year RES and OS
were 45% (95%CI: 35-59%) and 53% (95%CI: 42-66%)
in patients proceeding to allo-HCT in CR1 after induction
therapy (n=89), as compared to 7% (95%Cl: 3-19%;) and
23% (95%CI: 13-38%), respectively, in those who
received consolidation chemotherapy alone (n=55) (Table
2). In subgroup analysis, presence of FLT3-ITD had no
prognostic impact on OS, either in the total analyzed
cohort (P=0.093), or in those patients proceeding to allo-
HCT (P=0.39). Similarly, additional chromosomal abnor-
malities had no prognostic impact on OS in the men-
tioned cohorts (P=0.49; P=0.86; respectively). A Cox
regression analysis revealed, after limited backward selec-
tion, higher WBC [hazard ratio (HR) for log10, 1.62;
95%CI: 1.12-2.29; P=0.005] and age (HR for a difference
of 10 years, 1.29; 95%ClI: 1.12-1.50; P=0.001) as unfavor-
able variables, whereas platelet count, type of AML (de
novo vs. therapy-related/secondary after previous
MDS/myeloproliferative neoplasm), presence of FLT3-
ITD, and additional cytogenetic aberrations had no
impact on prognosis.

In 144 patients achieving CR1, CIR was significantly
lower in patients proceeding to allo-HCT (n=89) as com-
pared to those who were treated with consolidation
chemotherapy (n=55; P<0.001). As expected, CID tended
to be higher in patients proceeding to allo-HCT as com-
pared to those receiving consolidation chemotherapy
(P=0.08) (Figure 1).

One hundred and seventeen patients proceeded to allo-
HCT in CR1 (n=89) or CR2 (n=10), or with refractory
(n=15) or relapsed (n=3) disease. The influence of allo-
HCT assessed as a time-dependent co-variable as post
remission therapy on OS is illustrated by a Simon
Makuch plot (Figure 2). In addition, Figure 3 shows a
Kaplan Meier plot illustrating the influence of allo-HCT
performed in CR1 on RFS. The Mantel-Byar tests
revealed a significantly better OS (P=0.001) and RES
(P<0.0001) for patients proceeding to allo-HCT in CR1 as
compared to consolidation with chemotherapy only.
Neither type of conditioning (P=0.90) nor donor type
(matched related donor versus matched unrelated/hap-
loidentical/cord blood donor; P=0.30) had an impact on
outcome. There was no difference in OS measured from
date of transplant in patients transplanted in CR1 or CR2
as compared to those with active disease (P=0.66) (Figure
4). An Andersen-Gill model including allo-HCT as a time-
dependent variable revealed higher WBC and older age as
unfavorable variables, whereas allo-HCT performed
either in CR or with active disease was associated with a
favorable prognosis. Decade of treatment, additional
chromosomal abnormalities or FLT3-ITD had no prog-
nostic impact (Table 8).
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Figure 2. Simon Makuch plot evaluating the impact of allogeneic
hematopoietic cell transplantation (allo-HCT) assessed as a time-dependent
co-variable in comparison with chemotherapy consolidation on overall survival.

Discussion

The focus of our study was to characterize adult AML
patients with t(6;9) in an international cohort study and
compare outcomes according to treatment strategies, with
a specific focus on the impact of FLT3 mutations as well as
the impact of allo-HCT as compared to conventional
chemotherapy on survival.

We studied 178 patients (AML, n=173; MDS, n=5), all
harboring the balanced translocation t(6;9)(p22;q34). A
concomitant FLT3-ITD has been described in 42-69% of
pediatric and 62-90% of adult AML patients with t(6;9),**
B2 but these reports were hampered by the availability of
mutational status in only a subset of patients®”* and/or
analysis of a low patient number.”" In our large cohort,
with available mutational status in 71% of patients, a con-
comitant FLT3-ITD was detected in 62% and was signifi-
cantly associated with higher WBC at diagnosis, which
adds to previously published data.**** Preliminary data
suggest that FLT3-ITD promotes leukemia induction by
DEK-NUP214 in a murine model.® However, a synergistic
effect to explain the high coincidence of the two muta-
tions has yet to be demonstrated. In contrast, FLT3-TKD
mutations were uncommon in our cohort and were slight-
ly less frequent than those reported in AML with normal
cytogenetics.” In addition, secondary cytogenetic abnor-
malities were present in 21% of our patients, most com-
monly including trisomy 13, and/or trisomy 8, or a com-
plex karyotype. To date, there are still conflicting data
regarding the impact of FLT3-ITD on outcome in AML
patients with t(6;9)."*'** While results of a meta-analysis in
50 adult patients indicated an association between
FLT3-ITD mutations and an inferior outcome in t(6;9)
AML,* others were inconclusive due to the low number
of patients without FLT3-ITD,’ or did not find a significant
adverse impact in pediatric AML patients,”®" which may
be due to an already very dismal prognosis.'* In our large
cohort, neither a concurrent FLT3-ITD nor the presence of
additional cytogenetic abnormalities had an impact on the
achievement of CR or OS, which adds to the recent eval-

100 P<0.0001
75
50 - Allo-HCT

n=89

25

Relapse-free survival (%)

01 Chemotherapy consolidation, n=55

01 2 3 4 5 6 7 8 9 10

Time (years)

Figure 3. Kaplan Meier plot illustrating the influence of allogeneic hematopoi-
etic cell transplantation (allo-HCT) performed in first complete remission on
relapse-free survival.

Table 3. Multivariable Andersen-Gill model on overall survival.

FLT3-ITD* 1.35 (0.80-2.27) 0.26
Logl0(WBC)* 1.69 (1.14-2.51) 0.009
Platelets (10x10”/L difference) 1.00 (0.95-1.04) 0.92
Female gender 1.43 (0.96-2.13) 0.08
Age (10 years difference) 1.22 (1.05-1.42) 0.01
Type of AML# 0.83 (0.44-1.56) 0.55
Additional abnormalities 1.09 (0.67-1.77) 0.74
Decade** 0.81 (0.58-1.13) 0.22
Transplant status 0.55 (0.33-0.90) 0.02

AML: acute myeloid leukemia; CI: confidence interval; HR: hazard ratio; ITD: internal
tandem duplication; OS: overall survival; WBC: white blood cell count. *Sensitivity
analysis revealed no significant interaction between transplant status and FLT3-ITD
(P=0.44) or WBC (P=0.12) **Decade, 1989-1999, 2000-2009, 2010-2016. #Type of AML
denotes: de novo versus therapy-related/secondary after previous myelodysplastic syn-
drome/myeloproliferative neoplasm.

uation by the European Society for Blood and Marrow
Transplantation (EBMT).*

Previous publications in adult AML patients with t(6;9)
reported a fairly low CR rate of 33-58% in adult
patients.”* In contrast to these reports, we observed a
high CR rate of 81%. The favorable CR rate in our cohort
after intensive chemotherapy was in part due to a high
response rate of 66% after intensive salvage chemothera-
py in patients with failure after standard induction thera-
py. Intensive combination chemotherapy that incorpo-
rates higher doses of cytarabine is frequently used in
patients with relapsed/refractory AML, but no specific sal-
vage regimen has emerged as standard. While CR/CRi
rates with intensive combination chemotherapy were
overall below 40% and nearly similar in refractory (36%)
and relapsed AML (36.8%),”* the observed CR rate of
66% in our cohort points to a high sensitivity towards
higher doses of cytarabine in patients with initial induc-
tion failure. Particularly patients with adverse-risk cytoge-
netics or FLT3-ITD were shown to benefit from HiDAC



therapy.” Therefore, the HiDAC approach might be
beneficial in patients with t(6;9) and should be addressed
further.

In addition, anthracycline dose intensification during
induction therapy with daunorubicin at 90 mg/m? has
been shown to have a beneficial impact,” not only in
patients with core-binding factor leukemia,” but also in
patients with FLT3-ITD.”*" Although our analysis includ-
ed patients from the AML17 trial (n=22), which studied
high-dose daunorubicin, no meaningful analysis could be
made due to the low number of patients.

In our analysis, we found that allo-HCT resulted in an
excellent RFS and OS, which is in line with the data of
Ishiyama et al.” In a matched-pair analysis of de novo AML
using data from the Japanese allo-HCT data registry, they
compared outcome of 57 patients with t(6;9) to that of 171
patients with normal karyotype.” All patients received an
allo-HCT between 1996 and 2007, either in CR1 or CR2
(n=116), or with active disease (n=112). In patients with
t(6;9), the 5-year OS (45% vs. 40%), disease-free survival
(42% vs. 33%), CIR (42 vs. 45%), and non-relapse mortal-
ity (16 vs. 22%) did not differ from those observed in AML
with normal karyotype.” Nevertheless, the results were
hampered by a lack of molecular profile in the group of
AML with normal karyotype, as well as lack of data on
FLT3-ITD mutational status in AML with t(6;9). Our data
are particularly impressive when compared to the dismal
survival of patients with t(6;9) disease treated with
chemotherapy alone. Thus, allo-HCT seems to ameliorate
outcome in patients with t(6;9), with outcomes compara-
ble to those of patients with intermediate-risk cytogenet-
ics.” As expected, CIR was significantly reduced in our
cohort after allo-HCT performed in CR1 as compared to
intensive consolidation chemotherapy.

Since supportive care might have impacted outcome,
we have included the decade of treatment in multivariable
analysis. However, this had no impact on overall survival.
In addition, neither type of conditioning nor donor type
had any impact on outcome. Outcome after allo-HCT was
also favorable if performed in CR2, or even with active
disease. Overall, this suggests the existence of a specific
and very strong graft-versus-leukemia effect in this molec-
ular context. Of note, recently presented data by Beya ez
al. on behalf of the EBMT demonstrated similar efficacy of
allo-HCT in AML with t(6;9) transplanted in CR2 or active
(relapsed/refractory) disease.” Although this partly sup-
ports the finding from our cohort, we would like to
emphasize that retrospectively collected data have serious
limitations since the factors for allocating patients to allo-
HCT, such as co-morbidities, individual assessment of the
treating physician, choice of conditioning, and availability
of a donor, remain unknown, and this needs to be taken
into account when evaluating the value of allo-HCT in our
series.

Despite the large number of patients with FLT3-1TD,
only thirteen patients were treated with TKI, either front-
line with lestaurtinib (n=6) in combination with intensive
induction chemotherapy,” or after relapse either with sin-
gle-agent gilteritinib" or sorafenib (n=6), or with lestaur-
tinib in combination with intensive chemotherapy (n=1).
Interestingly, all six patients who received front-line
lestaurtinib + chemotherapy achieved a CR, whereas TKI
treatment + chemotherapy in relapsed patients showed
limited efficacy, with only two patients achieving CR2.
Currently, midostaurin is the only approved TKI in de novo
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Figure 4. Overall survival after allogeneic hematopoietic cell transplantation
according to remission status.

AML with FLT3 mutations, based on the positive results
from the large, international randomized phase III trial."®
The combination of midostaurin with intensive
chemotherapy significantly improved OS in younger
adults with FLT3-mutated AML, as compared to the place-
bo arm. In that study, patients receiving an allo-HCT in
CR1 had a better outcome if they were treated with
midostaurin during induction therapy, suggesting that the
optimal treatment strategy in FLT3-mutated AML would
be to move on to allo-HCT early in CR1.” Unfortunately,
no data were presented either in the manuscript or in the
supplement for the small subgroup of patients character-
ized by t(6;9)." Thus, the impact of adding TKI to induc-
tion chemotherapy in t(6;9) AML is currently unknown.

Conclusions

Our cohort of AML patients with t(6;9)(p22;q34)
showed a high CR rate after intensive induction therapy,
suggesting that these patients should be candidates for
intensive induction therapy whenever possible. Despite
the initial high chemo-sensitivity of the disease, treatment
with consolidation chemotherapy alone resulted in dismal
survival outcomes. Thus, based on our encouraging results
with allo-HCT, this should be standard of care whenever
possible for these patients.

Funding

SK gratefully acknowledges to be supported by the Olympia-
Morata fellowship program from the Medical Faculty of the
Heidelberg University as well as financial support by Deutsche
Forschungsgemeinschaft within the funding program Open
Access Publishing, by the Baden-Wiirttemberg Ministry of
Science, Research and the Arts and by Ruprecht-Karls-
Universitdt Heidelberg. MJL is supported by a grant from the
NCI (NCI Leukemia SPORE P50 CA100632). RBW is a
Leukemia & Lymphoma Society Scholar in Clinical Research.
ZR, JM, PZ and TS were supported by the Ministry of the Czech
Republic, grant No. 15-25809A. Data from the AMLA10,
ANLA11, AML12, AML14, AML15, ANMLA6, and AMLA7 tri-
als were supplied by Cardiff University HCTU on behalf of the
NCRI AMLWG.

haematologica | 2020; 105(1) 167 -



] skserotor

- 168 haematologica | 2020; 105(1)

10.

11.

12.

13.

14.

15.

References
1.

Swerdlow SH, Campo E, Harris NL, et al.
WHO classification of tumours of
haematopoietic and lymphoid tissues,
revised 4th edition. WHO Press, Geneva,
Switzerland, 2017.

. Slovak ML, Gundacker H, Bloomfield CD,

et al. A retrospective study of 69 patients
with t(6;9)(p23;q34) AML emphasizes the
need for a prospective, multicenter initia-
tive for rare ‘poor prognosis’ myeloid
malignancies. Leukemia. 2006;20(7):1295-
1297.

. Rowley JD and Potter D. Chromosomal

banding patterns in acute nonlymphocytic
leukemia. Blood.1976;47(5):705-721.

. von Lindern M, Fornerod M, van Baal S, et

al. The translocation (6;9), associated with
a specific subtype of acute myeloid
leukemia, results in the fusion of two
genes, dek and can, and the expression of a
chimeric, leukemia-specific ~ dek-can
mRNA. Mol Cell Biol. 1992;12(4):1687-
1697.

. Scandura JM, Boccuni P, Cammenga J,

Nimer SD. Transcription factor fusions in
acute leukemia: variations on a theme.
Oncogene. 2002;21(21):3422-3444.

. Ageberg M, Drott K, Olofsson T, et al.

Identification of a novel and myeloid spe-
cific role of the leukemia-associated fusion
protein DEK-NUP214 leading to increased
protein synthesis. Genes Chromosomes
Cancer. 2008;47(4):276-287.

. Boer ], Bonten-Surtel ], Grosveld G.

Overexpression of the nucleoporin
CAN/NUP214 induces growth arrest,
nucleocytoplasmic transport defects, and
apoptosis. Mol Cell Biol. 1998;18(3):1236-
1247.

. Oancea C, Riister B, Henschler R, et al. The

t(6;9) associated DEK/CAN fusion protein
targets a population of long-term repopu-
lating hematopoietic stem cells for leuke-
mogenic transformation. Leukemia. 2010;
24(11):1910-1919.

. Oyarzo MP, Lin P, Glassman A, et al. Acute

myelogenous leukemia with
t(6;9)(p23;q34) is associated with dysplasia
and a high frequency of FLT3 gene muta-
tions. Am ] Clin Pathol. 2004;122(3):348-
358.

Thiede C, Steudel C, Mohr B, et al.
Analysis of FLT3-activating mutations in
979 patients with acute myelogenous
leukemia: association with FAB subtypes
and identification of subgroups with poor
prognosis. Blood. 2002;99(12):4326-4335.
Chi Y, Lindgren V, Quigley S, Gaitonde S.
Acute  myelogenous leukemia with
t(6;9)(p23;q34) and marrow basophilia: an
overview. Arch Pathol Lab Med.
2008;132(11):1835-1837.

Gupta M, Ashok Kumar J, Sitaram U, et al.
The t(6;9)(p22;q34) in myeloid neoplasms:
a retrospective study of 16 cases. Cancer
Genet Cytogenet. 2010;203(2):297-302.
Sandahl JD, Coenen EA, Forestier E, et al.
t(6;9)(p22;q34)/DEK-NUP214-rearranged
pediatric myeloid leukemia: an internation-
al study of 62 patients. Haematologica.
2014;99(5):865-872.

Tarlock K, Alonzo TA, Moraleda PP, et al.
Acute myeloid leukaemia (AML) with
t(6;9)(p23;q34) is associated with poor out-
come in childhood AML regardless of
FLT3-ITD status: a report from the
Children's Oncology Group. Br ] Haematol.
2014;166(2):254-259.

Grimwade D, Hills RK, Moorman AV, et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Refinement of cytogenetic classification in
acute myeloid leukemia: determination of
prognostic significance of rare recurring
chromosomal abnormalities among 5876
younger adult patients treated in the
United Kingdom Medical Research Council
trials. Blood. 2010;116(3):354-365.
O'Donnell MR, Tallman MS, Abboud CN,
et al. Acute Myeloid Leukemia, Version
3.2017, NCCN Clinical Practice Guidelines
in Oncology. ] Natl Compr Canc Netw.
2017;15(7):926-957.

Ishiyama K, Takami A, Kanda Y, et al
Allogeneic hematopoietic stem cell trans-
plantation for acute myeloid leukemia with
t(6;9)(p23;q34) dramatically improves the
patient prognosis: a matched-pair analysis.
Leukemia. 2012;26(3):461-464.

Stone RM, Mandrekar SJ, Sanford BL, et al.
Midostaurin plus Chemotherapy for Acute
Myeloid Leukemia with a FLT3 Mutation.
N Engl J Med. 2017;377(5):454-464.
Bennett JM, Catovsky D, Daniel MT, et al.
Proposed revised criteria for the classifica-
tion of acute myeloid leukemia. A report of
the French-American-British Cooperative
Group. Ann Intern Med. 1985;103(4):620-
625.

Cheson BD, Bennett JM, Kopecky K], et al.

Revised recommendations of  the
International ~ Working ~ Group  for
Diagnosis, Standardization of Response
Criteria, Treatment Outcomes, and

Reporting Standards for Therapeutic Trials
in Acute Myeloid Leukemia. ] Clin Oncol.
2003;21(24):4642-4649.

Mitelman F: ISCN: An International System
for Human Cytogenetic Nomenclature.
Basel, Switzerland: S. Karger; 1995.

Yokota S, Kiyoi H, Nakao M, et al. Internal
tandem duplication of the FLT3 gene is pref-
erentially seen in acute myeloid leukemia
and myelodysplastic syndrome among var-
ious hematological malignancies. A study
on a large series of patients and cell lines.
Leukemia. 1997;11(10):1605-1609.

Schaich M, Roéllig C, Soucek S, et al.
Cytarabine dose of 36 g/m? compared with
12 g/m? within first consolidation in acute
myeloid leukemia: results of patients
enrolled onto the prospective randomized
AML96 study. ] Clin Oncol. 2011;
29(19):2696-2702.

Schaich M, Parmentier S, Kramer M, et al.
High-dose cytarabine consolidation with or
without additional amsacrine and mitox-
antrone in acute myeloid leukemia: results
of the prospective randomized AML2003
trial. ] Clin Oncol. 2013;31(17):2094-2102.
Wheatley K, Brookes CL, Howman A]J, et
al. Prognostic factor analysis of the survival
of elderly patients with AML in the MRC
AML11 and LRF AML14 trials. Br J
Haematol. 2009;145(5):598-605.

Burnett AK, Russell NH, Culligan D, et al.
The addition of the farnesyl transferase
inhibitor, tipifarnib, to low dose cytarabine
does not improve outcome for older
patients with AML. Br ] Haematol.
2012;158(4):519-522.

Burnett AK, Russell NH, Hills RK, et al. A
randomized comparison of daunorubicin
90 mg/m2 vs 60 mg/m2 in AML induction:
results from the UK NCRI AML17 trial in
1206 patients. Blood. 2015;125(25):3878-
3885.

. Pautas C, Merabet F Thomas X, et al.

Randomized study of intensified anthracy-
cline doses for induction and recombinant
interleukin-2 for maintenance in patients
with acute myeloid leukemia age 50 to 70

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

years: results of the ALFA-9801 study. ] Clin
Oncol. 2010;28(5):808-814.

Thomas X, Elhamri M, Raffoux E, et al.
Comparison of high-dose cytarabine and
timed-sequential chemotherapy as consoli-
dation for younger adults with AML in first
remission: the ALFA-9802 study. Blood.
2011;118(7):1754-1762.

Thomas X, de Botton S, Chevret S, et al.
Randomized phase II study of clofarabine-
based consolidation for younger adults
with acute myeloid leukemia in first remis-
sion. ] Clin Oncol. 2017;35(11):1223-1230.
Schemper M, Smith TL. A note on quanti-
fying follow-up in studies of failure time.
Control Clin Trials. 1996;17(4):343-346.
Kaplan E, Meier P. Nonparametric estima-
tion from incomplete observations. ] Am
Stat Assoc. 1958;53(282):457-481.

Cox DR. Regression models and life tables
(with discussion). ] R Stat Soc. 1972;
34(2):187-220.

Mantel N, Byar D. Evaluation of response-
time data involving transient states: An
illustration using heart transplant data. ]
Am Stat Assoc. 1974:69(345):81-86.
Andersen P, Gill RD. Cox’s regression
model for counting processes: A large sam-
ple study. Ann Stat. 1982;10(4):1100-1120.
Simon R, Makuch RW. A non-parametric
graphical representation of the relationship
between survival and the occurrence of an
event: application to responder versus non-
responder bias. Stat Med. 1984;3(1):35-44.
Gray RJ. A class of k-sample tests for com-
paring the cumulative incidence of a com-
peting risk. Ann Stat. 1988;16(3):1141-
1154.

Harrell FE. Regression Modeling Strategies:
With Applications to Linear Models,
Logistic Regression, and Survival Analysis.
New York: Springer; 2001.

R Development Core Team. R: A language
and environment for statistical computing.
R Foundation for Statistical Computing.
Vienna, Austria, 2014.

Knapper S, Russell N, Gilkes A, et al. A ran-
domized assessment of adding the kinase
inhibitor  lestaurtinib ~ to  first-line
chemotherapy for FLT3-mutated AML.
Blood. 2017;129(9):1143-1154.

Perl AE, Altman JK, Cortes ], et al. Selective
inhibition of FLT3 by gilteritinib in relapsed
or refractory acute myeloid leukaemia: a
multicentre, first-in-human, open-label,
phase 1-2 study. Lancet Oncol. 2017;
18(8):1061-1075.

Beya MD, Labopin M, Maertens J, et al.
Allogeneic stem cell transplantation in
acute myeloid leukemia with
t(6;9)(p23;q34);dek-NUP214 is followed by
alow relapse risk and favorable outcome in
early phase- a study from the Acute
Leukemia Working Party (ALWP) of the
European Society for Blood and Marrow
Transplantation (EBMT). Blood. 2017;
130(Suppl 1):596.

Heinssmann M, Drangmeister L, Schmid K,
et al. T(6;9)-DEK/CAN-positive leukemia:
role of FLT3-ITD for the determination of
the leukemic phenotype. Blood. 2012;
120(21):1316.

Kayser S and Levis MJ]. FLT3 tyrosine
kinase inhibitors in acute myeloid
leukemia: clinical implications and limita-
tions. Leuk Lymphoma. 2014;55(2):243-
255.

Thiede C, Bloomfield CD, Lo Coco E et al.
The high prevalence of FLT3-ITD muta-
tions is associated with the poor outcome

in adult patients with t(6;9)(p23;q34) posi-



tive AML - results of an international meta-
analysis. Blood. 2007;110(11):761.

46. Visconte V, Shetty S, Przychodzen B, et al.
Clinicopathologic and molecular character-
ization of myeloid neoplasms with isolated
t(6;9)(p23;q34). Int ] Lab Hematol. 2017;
39(4):409-417.

47. Wattad M, Weber D, Dohner K, et al.
Impact of salvage regimens on response
and overall survival in acute myeloid
leukemia with induction failure. Leukemia.
2017;31(6):1306-1313.

48. Schlenk RE Frech B, Weber D, et al. Impact
of pretreatment characteristics and salvage

haematologica | 2020; 105(1)

49.

50.

strategy on outcome in patients with
relapsed acute myeloid leukemia.
Leukemia. 2017;31(6):1306-1313.
Willemze R, Suciu S, Meloni G, et al. High-
dose cytarabine in induction treatment
improves the outcome of adult patients
younger than age 46 years with acute
myeloid leukemia: results of the EORTC-
GIMEMA AML-12 trial. J Clin Oncol.
2014;32(3):219-228.

Prebet T, Bertoli S, Delaunay ], et al
Anthracycline  dose  intensification
improves molecular response and outcome
of patients treated for core binding factor

51.

52.

Outcome of adult t(6;9) AML

acute myeloid leukemia. Haematologica.
2014;99(10):e185-e187.

Luskin MR, Lee JW, Fernandez HE et al.
Benefit of high-dose daunorubicin in AML
induction extends across cytogenetic and
molecular groups. Blood. 2016; 127(12):
1551-1558.

Roéllig C, Bornhduser M, Thiede C, et al.
Long-term prognosis of acute myeloid
leukemia according to the new genetic risk
classification of the European LeukemiaNet
recommendations: evaluation of the pro-
posed reporting system. ] Clin Oncol. 2011;
29(20):2758-2765.




