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Abstract
Prognosis for relapsed or refractory (R/R) acute myeloid leukemia (AML) despite salvage therapy is dismal. This phase I dose-
escalation trial assessed the safety and preliminary clinical activity of selinexor, an oral exportin-1 (XPO1) inhibitor, in combi-
nation with FLAG-Ida in younger R/RAML patients. The aimwas to find the recommended phase 2 dose (RP2D) andmaximum
tolerated dose (MTD). Fourteen patients were included, and selinexor dosage was 60 mg (3 patients), 80 mg (3 patients), and
100 mg (7 patients) weekly. No dose-limiting toxicities were reported. Grade ≥3 non-hematologic adverse events (AEs) occurred
in 78.6% of patients. Two patients were nonMTD evaluable due to early death, and overall, 3 out of 14 patients (21.4%) had fatal
AEs. Five out of 12 (42%) response and MTD evaluable patients achieved a complete remission (CR; n=4) or CR with
incomplete hematologic recovery (CRi, n=1), and 4 patients (33%) subsequently underwent allogeneic transplantation. The
median overall survival (OS) and event-free survival (EFS) were 6.0 (range 0.9-19.3) and 1.1 months (range 0.7-19.3), respec-
tively. Using selinexor 100 mg/weekly, CR/CRi rate of 66.7%, OS 13.6 months (range, 1.6-19.3), and EFS 10.6 months (range,
0.9-19.3). At last follow-up, 3 patients were alive. Selinexor 100 mg/weekly with FLAG-Ida combination in R/R AML showed
acceptable tolerability and efficacy, establishing the RP2D of this regimen in future clinical trials. ClinicalTrials.gov Identifier:
NCT03661515
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Introduction

A sizable proportion of acute myeloid leukemia (AML)
patients treated upfront with intensive approaches (e.g.,
with “7+3” regimens) are primarily refractory or relapse
rapidly (R/R AML) after first complete remission (CR).
Prognosis of R/R AML patients is poor, and there is no
standard of care for salvage treatment [1]. The goal of
salvage treatment is to achieve a second CR and serve as
a bridge for allogeneic stem cell transplantation (allo-
SCT), the only known curative therapy. In addition, due
to the absence of standard effective therapies, enrollment
into clinical trials of novel therapies whenever possible is
recommended in this setting. The combination of
fludarabine, cytarabine, G-CSF, and idarubicin (FLAG-
Ida) is considered one of the most effective salvage thera-
pies, reaching CR rates of up to 53% [1]. In a large Spanish
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study of patients <65 years with R/R AML treated with
FLAG-Ida regimen, a CR/CR with incomplete hematolog-
ic recovery (CRi) rate of 51% was reported, with a 9% rate
of induction deaths, mainly due to infections [2]. Long-
term overall survival (OS) and event-free survival (EFS)
after FLAG-Ida regimens in the salvage setting are 8.4 and
2.4 months [1, 2].

Selinexor is a novel, oral small molecule inhibitor that be-
longs to the group of selective inhibitors of nuclear export
(SINE) compounds. Selinexor binds and inactivates the nucle-
ar transport protein exportin 1 (XPO1). XPO1 is the major
nuclear exporter of over 200 cargo proteins, including growth
regulators and tumor suppressor proteins (TSPs) [3]. XPO1 is
overexpressed in multiple tumors, including AML [4, 5], and
leads to functional inactivation of TSPs through their aberrant
cytoplasmic localization. The transient retention of TSP in the
nucleus at high levels through inhibition of XPO1 activates
TSP cell cycle checkpoint and genome inspection actions.
This leads to apoptosis in malignant cells, while normal cells
undergo transient cell cycle arrest and recovery when the ex-
port block is released.

The promising role of XPO1 inhibition in AML was
demonstrated by preclinical studies showing that selinexor
has potent cytotoxic activity in AML cell lines and in mu-
rine models, including its ability to kill noncycling leuke-
mic stem cells with minimal effects on normal bone mar-
row [4–6]. In humans, the phase I trial demonstrated that
selinexor monotherapy was safe and acceptably tolerated
in 81 R/R AML patients, obtaining an objective response
rate (ORR; consisting of CR or CRi) of 14%, and 31% of
patients had a reduction of blasts of ≥50% [7]. A random-
ized study of selinexor monotherapy vs. physician choice
in patients with R/R AML (median age 74 years, median 2
prior lines) showed an ORR of 12% vs. 3.5% respectively;
but OS was not improved [8]. Several combinations of
sel inexor with intensive chemotherapy and with
hypomethylating agents (HMA) have been explored based
on the synergistic activity observed in murine models [9,
10]. Combinations of selinexor with intensive chemother-
apy have demonstrated acceptable tolerance and CR/CRi
rate of 38-48% in the R/R setting [11–14] and 53-85% in
untreated patients with poor-risk AML [13, 15, 16]. In
addition, a promising CR/CRi rate of 80% was observed
in previously untreated elderly patients using selinexor in
combination with decitabine [17]. Until now, the combina-
tion of selinexor with FLAG-Ida has not yet been evaluated
as salvage therapy.

We hypothesized that the combination FLAG-Ida with
selinexor could result in improved response with an accept-
able tolerability. The aim of this phase I clinical trial is to
assess the tolerability and safety of selinexor in combination
with FLAG-Ida for salvage therapy in younger R/R AML
patients, as well as the efficacy of this combination.

Patients and methods

Eligibility

This phase I multicenter, open-label, non-randomized, single-
arm trial was performed in four institutions from the
PETHEMA group (NCT03661515). The key inclusion criteria
included patients between 18 and 65 years of age with R/R
AML defined as relapse, failure to achieve CR or CR with
incomplete hematologic recovery (CRi) after 1 to 3 prior lines
of treatment. Exclusion criteria included acute promyelocytic
leukemia, Eastern Cooperative Oncology Group (ECOG) per-
formance status > 2, pregnancy, recent treatment with radiother-
apy, chemotherapy, immunotherapy or any other anticancer
therapy ≤ 2 weeks, pretreatment with a SINE compound, recent
major surgery, active infection (including hepatitis B or C and
human immunodeficiency virus (HIV)), unstable cardiovascu-
lar function, liver dysfunction, severe renal dysfunction and
patients unable to swallow tablets, and life-threatening disease
(complete inclusion and exclusion criteria are provided in
Supplemental Material). Written informed consent was obtain-
ed from all patients enrolled. This trial was approved by the
Research Ethics Board of each participating hospital, according
to the Declaration of Helsinki.

Treatment schedule

Treatment consisted of induction therapy with fludarabine 30
mg/m2/day intravenously on days 1 to 4, idarubicin 10 mg/m2/
day intravenously on days 1 to 3, cytarabine 2 g/m2/day intra-
venously on days 1 to 4, G-CSF 300 mcg/m2/day subcutane-
ously from days −1 to 5, and oral selinexor (KPT-330) starting
at the end of chemotherapy on days 5, 12, and 19. Based on
previous clinical trials in multiple myeloma establishing
selinexor 100 mg/weekly as the RP2D [18], we planned 100
mg/weekly as the maximum escalating dose for this combina-
tion trial. To avoid potential enhancement of myelosuppression,
selinexor was administered during 3 weeks, three times per
cycle, after completion of FLAG-Ida. Escalating doses of oral
selinexor given once weekly for 3 weeks were tested in a 3+3
design, each with 3-6 patients until achieving the maximum
tolerated dose (MTD). The following selinexor dosages were
administered: 60 mg (level 1); 80 mg (level 2); and 100 mg
(level 3). Subsequently, an extension cohort of 3 additional
patients were treated with the established dose.

A new cycle was not started if there was an ongoing grade
3 or higher non-hematologic toxicity or persistent grade 3
neutropenia in patients achieving CR. Patients who obtained
partial remission (PR) after the first cycle of treatment were
treated with another cycle of identical induction therapy
(Fig. 1). Patients who achieved CR/CRi after 1 or 2 cycles
of FLAG-Ida plus selinexor proceeded to allo-SCT, if feasi-
ble, or consolidation therapy, if allo-SCT was not possible.
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Consolidation therapy consisted of 1 or 2 cycles of
cytarabine 1 g/m2/day intravenously (3 h) on days 1 to 6,
combined with oral selinexor. Selinexor was given at the same
dosage utilized for induction therapy. Maintenance therapy
with selinexor for up to 6 additional cycles (3 weeks on
selinexor at the same dose used during induction and 1 week
off) was considered in patients in CR/CRi not undergoing
allo-SCT.

Patients received concomitant medications to treat symp-
toms, adverse events (AEs), and intercurrent illnesses that are
medically necessary as part of standard care. Use of antibac-
terial, antifungal, and antiviral agents was also recommended
according to each institution’s guidelines. Prophylaxis against
Pneumocystis jirovecii had to be administered to all patients as
per standard of care for patients receiving FLAG-Ida combi-
nation therapy.

Study definitions and endpoints

Dose-limiting toxicity (DLT) was defined as follows: (1)
grade 4 non-hematologic toxicity during the induction phase
(except in case of disease progression or DLT resolved with
optimal therapy), (2) grade 4 neutropenia duration > 56 days
from the end of the FLAG-Ida regimen and not attributable to
persistent leukemia. If no DLT was observed in 3 evaluable
patients, the next selinexor dose level was used in the follow-
ing 3 patients’ cohort. If a DLT was observed in one patient, 3
additional subjects had to be treated using the same dose, and
if ≤2 of these 6 patients experienced DLT, further dose esca-
lation was allowed.

The safety analyses included the following variables: inci-
dence, severity, duration, causality, and type of AE.
Analytical changes, deaths (including 30-day mortality), se-
vere AEs, and withdrawals due to AEs were also analyzed.

AEs were classified according to Common Terminology
Criteria for Adverse Events (CTCAE v4.03). AEs were clas-
sified as severe AEs, drug-related AEs, AEs of special con-
cern (nausea, vomiting, neurological toxicity), and AEs that
lead to discontinuation of treatment. The frequency, severity,
and causal relationship of AEs were analyzed by the system
organ class.

The primary objective was to find the recommended phase 2
dose (RP2D) and MTD of selinexor in combination with
FLAG-Ida regimen. Secondary objectives were to assess the
following: (i) safety and tolerability of selinexor in combination
with FLAG-Ida; (ii) hematological and non-hematological tox-
icity; (iii) CR/CRi after induction treatment; and (iv) prelimi-
nary efficacy of selinexor in combination with FLAG-Ida.

Patients were considered evaluable for the safety analysis
of selinexor when they met all inclusion criteria, had received
at least one dose of selinexor, and had no deviations from the
protocol. Only patients with an evaluable bone marrow sam-
ple after induction were considered for the efficacy evaluation.
Flow cytometry was used to assess response and minimal
residual disease (MRD). MRD negativity was defined as a
level of blasts <0.01%.

OS was defined as the time from the first selinexor dose
until death from any cause, whereas event-free survival (EFS)
was defined as the time from the first selinexor dose until
treatment failure, relapse, or death due to any cause.

Baseline cytogenetic/molecular and correlative
studies

Cytogenetic study of leukemic cells by conventional karyo-
type was performed, preferably in bone marrow.
Conventional karyotype studies with G bands were carried
out using conventional methods. Karyotype was analyzed

Fig. 1 Treatment schema
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after 24h and 48h of culture. Molecular cytogenetic analysis
performed by FISH for the detection of the most relevant
chromosome abnormalities included core-binding factor
(CBF) alterations t(8; 21), inv(16), t(15; 17), alterations of
the chromosomes 5 and 7, and 11q23 anomalies.

Next-generation sequencing (NGS) was performed accord-
ing to collaborative PETHEMA group recommendations
(NGS-LMA NCT03311815) with Oncomine Myeloid
Research Assay (Thermo Fisher Scientific), including 42
DNA target genes (hotspot genes: ABL1, BRAF, CBL,
CSF3R, DNMT3A, FLT3, GATA2, HRAS, IDH1, IDH2,
JAK2, KIT, KRAS, MPL, MYD88, NPM1, NRAS, PTPN11,
SETBP1, SF3B1, SRSF2, U2AF1, WT1 and full genes:
ASXL1, BCOR, CALR, CEBPA, ETV6, EZH2, IKZF1, NF1,
PHF6, PRPF8, RB1, RUNX1, SH2B3, STAG2, TET2, TP53
ZRSR2) and 29 RNA fusion transcript driver genes (ABL1,
ALK, BCL2, BRAF, CCND1, CREBBP, ETV6, EGFR,
FGFR1, FGFR2, FUS, HMGA2, JAK2, KMT2A, MECOM,
MET , MLLT10, MLLT3, MYBL1 , MYH11, NTRK3,
NUP214, PDGFRA, PDGFRB, RARA, RBM15, RUNX1,
TCF3, TFE3) in a broad fusion panel [19].

Statistical analysis

Quantitative and qualitative variables were summarized using
descriptive statistics. Continuous variables were described
with the number of observations (N), the mean and/or the
median, the standard deviation, the minimum, and the maxi-
mum. Categorical variables were presented using frequencies
and percentages. All data have been numbered and used to the
greatest extent possible, without any imputation of missing
data. Any deviation from the statistical methods given in the
study protocol has been described and justified. Regarding the
efficacy variables, CR, CRi, PR, therapeutic failure, and dis-
ease recurrence were evaluated separately, according to the
recommendations for the response criteria of the
International Working Group [20]. OS and EFS were ana-
lyzed descriptively using Kaplan-Meier methods.

Results

Patient characteristics

Between July 2018 and August 2019, 16 patients were
screened for eligibility and 14 patients were enrolled (Fig. 2).
All of them have R/R AML from a previous de novo AML.
Twelve patients were assessed for efficacy and MTD. Two
patients were not evaluable due to early death from unrelated
causes before completing the DLT period.

The median age of patients was 52.5 years (range, 25-64),
50% were male, and all of the patients had Caucasian origin.
Half of the patients had ECOG performance status of 0, while

43% patients had ECOG 1 and 7% ECOG 2. Eight (57%)
patients received 1 prior line of treatment (range 1-3), whereas
four (29%) received ≥2 prior therapies. According to the 2017
ELN guidelines [21], 85.7% and 14.3% were classified as ad-
verse and intermediate genetic risk, respectively. The most fre-
quently mutated genes were FLT3 (36%), TP53 (21%), IDH2
(21%), and WT1 (21%). Fusion transcript KMT2A-ELL was
identified in only one case. Baseline characteristics are summa-
rized in Table 1 (complete biological characteristics of patients
are provided in Supplemental Table 1).

All patients treated with selinexor 100 mg received only 1
prior therapy (100% vs. 33% and 50% in the 60mg and 80mg
cohorts), had more intermediate risk disease (29% vs. 0% and
in 60 mg and 80 mg cohorts), and had lower median bone
marrow blast (53% vs. 84% and 81% in 60 mg and 80 mg
cohorts).

Dose escalation and treatment

Three patients were included in the dose level 1 cohort
(selinexor 60 mg/week), four patients in the dose level 2
(selinexor 80 mg/week), as the first patient had early progres-
sion during the induction period and was withdrawn from the
trial. The dose level 3 (selinexor 100 mg/week) was complet-
ed with the remaining 7 patients (Fig. 2). All patients received
full dose of FLAG-Ida without delay, and 12 patients received
the 3 complete doses of induction selinexor dose (no addition-
al induction cycles were received). Four patients proceeded to
consolidation (all received the complete cycle), and no patient
received maintenance and 4 patients underwent allo-SCT.

Two patients did not complete the treatment regimen, per
protocol. One patient had premature death during induction,
and another patient discontinued treatment due to a diagnosis
of multiple myeloma after 3 doses of consolidation cycle 1.
One patient receiving dose level 3 (100 mg) interrupted
selinexor during the third week of cycle 1 due to grade 3
hepatic adverse event.

All patients received antifungal prophylaxis, 7 with
posaconazole, 6 with voriconazole, and one with
isavuconazole. Eleven of 14 patients received prophy-
laxis for Pneumocystis jirovecii with trimethoprim/
sulfamethoxazole.

Safety

Hematological toxicity was analyzed in the 12 patients who
responded to treatment, since treatment-resistant patients did
not recover peripheral blood counts at any time. The median
duration of grade 4 neutropenia (<0.5 × 109/L) was 40 days
(range, 22-63) during induction and 15 days (range, 13-57)
during consolidation. The median duration of grade 4 throm-
bocytopenia (<20 × 109/L) for induction was 21 days (range,
0-41), while in consolidation, it was 18 days (range, 6-50).
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All patients received transfusions with red blood cell and
platelet concentrates. The mean number of red cell units trans-
fused was 8 (range, 3-11) at induction and 6 (range, 1-8) at
consolidation, while the mean number of platelet concentrates
transfused during induction was 5 (range, 5-9), and 4.5 (range,
1-8) during consolidation.

All the 14 patients had AEs, being severe in 11 patients
(78.6%). The total number of non-hematological AEs was
141, with a mean of 10 AEs per patient (Table 2). In 14
induction cycles administered, 121 AEs were recorded,
representing an average of 8.6 AEs per cycle (range, 4-18).
In the 4 cycles of consolidation, 20 AEs were recorded with a
mean of 5 AEs per cycle (range, 0-8). No DLTs were reported
in the R/R AML patient during dose escalation of selinexor
and, therefore, the MTDwas not established. Thus, 100 mg of
selinexor was the RP2D in combination with FLAG-Ida.

Most of the AEs were mild, with 76.6% classified as grades
1-2 and 23.4% as grade ≥ 3. There were 3 fatal AEs (2.1%),
two pulmonary infections and one cerebral hemorrhage. None
of them was related to selinexor treatment. The most common
non-hematologic AEs occurring in over 20% of patients were
as follows (Table 2): febrile neutropenia (57.1%), diarrhea
(50.0%), nausea/vomiting (57.1%), mucositis (50.0%), pul-
monary infection (50.0%), fever (35.7%), enteritis (35.7%),
headache (28.5%), anorexia (21.4%), abdominal pain
(21.4%), exanthema/rash (21.4%), and pain (21.4%).

A total of 35 AEs (24.8%) were considered related with
selinexor. The relation of these toxicities with selinexor was
considered definite in 12 AEs, possible in 16 AEs, and prob-
able in 7 AEs. The most frequent possible/probable/definite
AEs selinexor-related were diarrhea (35.7%), nausea/
vomiting (28.6%), and mucositis (28.6%). The majority of
selinexor-related AEs (75.8%) were completely resolved;
however, in 6 cases, there were some sequelae (17.1%) and
3 AEs continued to the end of the trial (8.6%). There were a
total number of 33 serious AEs, and no association between
selinexor dose and severe AE incidence was observed
(Table 3).

One patient with grade 3 elevation of liver enzymes re-
quired a dose interruption of selinexor 100 mg and a 15-day
hospitalization. The patient recovered with sequelae, main-
taining an enzymatic basal state equivalent to a grade 1 AE.
However, it was assessed by his/her physician as related to a
previous autoimmune disease of the patient.

Efficacy

Twelve of the 14 patients included in the trial were evaluable
for response, achieving CR in 4 patients (33.3%) and CRi in 1
patient (8.3%) for a total CR/CRi of 41.7% (Supplemental
Table 2, Fig. 3). Two patients were not evaluable: one due
to early death during induction (day +17) due to cerebral hem-
orrhage and another died on day 40 with morphologic
leukemia-free state in bone marrow before further evaluation.
Out of 5 patients with CR/CRi, 4 received a median of 1 cycle
of consolidation (range 1-1) and 4 subsequently received an
allo-SCT. MRD was negative in all 4 patients who achieved
initial CR (Supplemental Table 2). The patient with CRi was
not assessed for MRD because the sample was not evaluable.

Four of 6 patients (66.7%) treated with the 100 mg weekly
dose of selinexor achieved a response, while 1 of 6 patients in
the 60 and 80 mg dose cohorts responded (Table 4). CR/CRi
was observed in 1 out of 2 patients with intermediate cytoge-
netic risk and 4 out of 10 patients with adverse cytogenetic
risk. All 5 responders received 1 prior therapy. Bone marrow
blast levels of >70% were associated with worse CR/CRi
(16.7%; 1 of 6 patients) compared to patients with blasts
≤70% (66.7%; 4 of 6 patients). No correlations were observed
between mutations and response (data not shown).

Three patients (25%) were alive at the time of the last
follow-up (median 6.4 months, range 1.1-19.6). The median
OS and EFS were 6.0 months (range 0.9-19.3; Fig. 4a) and 1.1
months (range 0.7-19.3; Fig. 4b), respectively. Patients treated
with selinexor 100mg had better median OS and EFS than
patients treated with other doses (60 mg: OS 5.1 months
(range, 2.2-7.0) and EFS 0.8 months (range, 0.8-5.1), Fig. 5;

Fig. 2 CONSORT diagram of phase I selinexor plus FLAG-Ida
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80 mg: OS 2.1 months (range, 0.9-13.3) and EFS 1.0 months
(range, 0.7-1.0), Fig. 5; 100 mg: OS 13.6 months (range, 1.6-
19.3) and EFS 10.6 months (range, 0.9-19.3), Fig. 5). Two out

of 4 patients who received an allo-SCT in CR/CRi were alive
at the time of analysis follow-up (median follow-up post allo-
SCT 3.9 months, range 1.7-4.3; Fig. 3).

Table 1 Baseline characteristics
Selinexor dosage; n (%)

Characteristics Overall 60 mg 80 mg 100mg

Age; median (range) 52.5 (25-64) 46 (25-63) 48.5 (40-64) 53 (41-58)

Gender; n (%)

Female 7 (50.0) 1 (33.3) 2 (50.0) 4 (57.1)

Male 7 (50.0) 2 (66.7) 2 (50.0) 3 (42.9)

Ethnic origin; n (%)

Caucasian 14 (100.0) 14 (100.0) 14 (100.0) 14 (100.0)

ECOG performance status; n (%)

0 7 (50.0) 3 (100.0) 3 (75.0) 1 (14.3)

1 6 (42.9) 0 (0) 1 (25.0) 5 (71.4)

2 1 (7.1) 0 (0) 0 (0) 1 (14.3)

Leucocytes count (×109/L)

Median (range) 1.7 (0.3-96.8) 2.8 (1.4-13.0) 11.3 (0.4-37.6) 1.5 (0.3-96.8)

Platelet count (×109/L)

Median (range) 54.5 (5-266) 50.0 (5-176) 45.5 (11-266) 85 (7-102)

Hemoglobin (g/dL)

Median (range) 8.9 (7.1-14.2) 8.1 (7.6-8.6) 9.4 (8.2-10.4) 9.2 (7.1-14.2)

Blast infiltration

Median (range) 70.5 (8-100) 84 (23-100) 81 (8-91) 53 (41-58)

Creatinine (mg/dL)

Median (range) 0.7 (0.5-1.0) 0.6 (0.5-1.0) 0.8 (0.6-1.0) 0.7 (0.5-0.9)

Urea (mg/dL)

Median (range) 26.5 (17-39) 24 (23-33) 23.5 (17-30) 35 (22-39)

Bilirubin (mg/dL)

Median (range) 0.4 (3.4-0.2) 0.4 (0.4-0.4) 0.3 (0.2-0.6) 0.4 (0.3-3.4)

AST (U/L)

Median (range) 20 (9-55) 16 (11-19) 35.5 (9-42) 21 (14-55)

ALT (U/L)

Median (range) 31 (3-101) 24 (3-32) 33.5 (11-50) 31 (12-101)

AP (U/L)

Median (range) 97 (53-246) 98 (96-166) 113 (89-220) 73 (53-246)

Albumin (g/dL)

Median (range) 30.8 (3.3-43) 40 (35.8-41) 17.4 (3.7-33) 30.5 (3.3-43)

LDH (U/L)

Median (range) 255.5 (106-2324) 331 (128-597) 320 (106-2326) 231 (124-1332)

N previous lines; n (%)

1 10 (71.4) 1 (33.3) 2 (50) 7 (100)

2 1 (7.1) 0 (0) 1 (25) 0 (0)

3 3 (21.4) 3 (66.7) 1 (25) 0 (0)

ELN genetic risk; n (%)

Favorable 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Intermediate 2 (14.3) 0 (0.0) 0 (0.0) 2 (28.6)

Adverse 12 (85.7) 3 (100.0) 4 (100.0) 5 (71.4)

Abbreviations: AST aspartate transaminase; ALT alanine transaminase; AP alkaline phosphatase; ECOG Eastern
Cooperative Oncology Group; ELN European LeukemiaNet; LDH lactate dehydrogenase; U units
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Table 2 Classification and frequency of total adverse events and according to grade

Adverse event N events
any grade

N patients (%) N events
grades 1-2

N patients (%)
grades 1-2

N events
≥ grade 3

N patients (%)
≥ grade 3

All 141 14 (100%) 108 (76.6%) 14 (100%) 33 (23.4%) 14 (100%)
Infections 14 10 (71.4%) 3 2 (14.3%) 11 8 (57.1%)
Bacteremia Klebsiella BLEE 3 3 (21.4%) 1 1 (7.1%) 2 2 (14.3%)
Catheter infection 1 1 (7.1%) 0 0 (0%) 1 1 (7.1%)
Lung infection 7 7 (50.0%) 1 1 (7.1%) 6 6 (42.9%)
Sepsis 2 2 (14.3%) 1 1 (7.1%) 1 1 (7.1%)
Fungal infection 1 1 (7.1%) 0 0 (0%) 1 1 (7.1%)

Febrile neutropenia 9 8 (57.1%) 0 0 (0) 9 8 (57.1%)
Digestive tract disorders 52 13 (92.8%) 38 13 (92.8%) 7 4 (28.5%)
Anorexia 3 3 (21.4%) 2 2 (14.3%) 1 1 (7.1%)
Diarrhea 10 7 (50%) 8 6 (42.9%) 2 2 (14.3%)
Mucositis 9 7 (50%) 8 7 (50%) 1 1 (7.1%)
Nausea/vomiting 19 8 (57.1%) 17 8 (57.1%) 2 1 (7.1%)
Enteritis 5 5 (35.7%) 4 4 (28.5%) 1 1 (7.1%)
Constipation 3 2 (14.3%) 3 2 (14.3%) 0 0 (0%)
Abdominal pain 3 3 (21.4%) 3 3 (21.4%) 0 0 (0%)

Others
Adrenal insufficiency 1 1 (7.1%) 0 0 (0%) 1 1 (7.1%)
Arthritis (podagra, gouty) 2 1 (7.1%) 2 1 (7.1%) 0 0 (0%)
Astenia 2 2 (14.3%) 2 2 (14.3%) 0 0 (0%)
Back pain 2 2 (14.3%) 2 2 (14.3%) 0 0 (0%)
Bruises 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Cataract surgery 1 1 (7.1%) 0 0 (0%) 1 1 (7.1%)
Cerebral hemorrhage 1 1 (7.1%) 0 0 (0%) 1 1 (7.1%)
Chest pain 2 1 (7.1%) 2 1 (7.1%) 0 0 (0%)
Difficulty urinating 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Edema 2 2 (14.3%) 2 2 (14.3%) 0 0 (0%)
Exantema/rash 4 3 (21.4%) 4 3 (21.4%) 0 0 (0%)
Fatigue 2 2 (14.3%) 1 1 (7.1%) 1 1 (7.1%)
Fever 8 5 (35.7%) 8 5 (35.7%) 0 0 (0%)
Folliculitis 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Headache 4 4 (28.5%) 4 4 (28.5%) 0 0 (0%)
Hearing loss 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Herpes labialis 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Hyperferritinemia 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Hypokalemia 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Hypomagnesemia 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Hyponatremia 2 2 (14.3%) 2 2 (14.3%) 0 0 (0%)
Hypophosphatemia 2 2 (14.3%) 1 1 (7.1%) 1 1 (7.1%)
Hypotension 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Keratitis 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Liver toxicity: AST/ALT/GGT 4 1 (7.1%) 3 1 (7.1%) 1 1 (7.1%)
Pain 3 3 (21.4%) 3 3 (21.4%) 0 0 (0%)
Perianal discomfort/hemorrhoid 3 2 (14.3%) 3 2 (14.3%) 0 0 (0%)
Pharyngeal dryness 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Pruritus 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Tonsillitis 1 1 (7.1%) 1 1 (7.1%) 0 0 (0%)
Tooth pain 4 2 (14.3%) 4 2 (14.3%) 0 0 (0%)
Vasovagal syncope 2 2 (14.3%) 2 2 (14.3%) 0 0 (0%)
Visual alterations 2 1 (7.1%) 2 1 (7.1%) 0 0 (0%)

The categories which summarized different related adverse evets are in italicized letters

Abbreviations: AST aspartate transaminase; ALT alanine transaminase; ESBL extended spectrum beta-lactamase phenotypes; GGT gamma-
glutamyltransferase

Table 3 Distribution of serious adverse events according to the dose of selinexor

AEs grade ≥3 N patients N AEs grade ≥3 Grade 3 Grade 4 Grade 5 AE related AE not related AE/patient AE related/patient

Overall 14 33 26 4 3 13 20 2.3 0.9
Selinexor dose
60 mg 3 8 6 1 1 4 4 2.7 1.3
80 mg 4 8 6 1 1 3 5 2.0 0.8
100 mg 7 17 14 2 1 6 11 2.4 0.9

Abbreviations: AE adverse event
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Discussion

The combination of selinexor with FLAG-Ida for induction in
AML was tolerable and effective in adult R/R AML patients,
with a CR/CRi of 41.7%. No DLTs occurred during the trial,
and theMTDwas not reached, as in previous trials [7, 15].We

established an RP2D of selinexor 100 mg dosed once weekly
for 3 weeks for future phase II clinical trials in combination
with FLAG-Ida.

Despite modest efficacy of selinexor monotherapy in R/R
AML [7] and myelodysplastic syndromes (MDS) or
oligoblastic AML refractory to HMA (ORR 26%) [22],

Fig. 3 Response to the treatment and overall survival in all the patients included

Table 4 Response to the
treatment in evaluable patients Response rates Total; n (%) CR; n (%) CRi; n (%) CR/CRi; n (%) PR; n (%) Resistance;

n (%)

Overall 12 (100) 4 (33) 1 (8) 5 (42) 0 (0) 7 (58)

Selinexor dose

60 mg 3 (25) 1 (33) 0 (0) 1 (33) 0 (0) 2 (67)

80 mg 3 (25) 0 (0) 0 (0) 0 (0) 0 (0) 3 (100)

100 mg 6 (50) 3 (50) 1 (17) 4 (67) 0 (0) 2 (33)

ELN risk group

Favorable 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Intermediate 2 (17) 0 (0) 1 (50) 1 (50) 0 (0) 1 (50)

Adverse 10 (83) 4 (40) 0 (0) 4 (40) 0 (0) 6 (60)

Previous lines

1 line 8 (67) 4 (50) 1 (12.5) 5 (62.5) 0 (0) 3 (37.5)

≥2 lines 4 (33) 0 (0) 0 (0) 0 (0) 0 (0) 4 (100)

Blast infiltration

≤70% 6 (50) 3 (50) 1 (17) 4 (67) 0 (0) 2 (33)

>70% 6 (50) 1 (17) 0 (0) 1 (17) 0 (0) 5 (83)

Allo-SCT

Yes 4 (33) 3 (75) 1 (25) 4 (100) 0 (0) 0 (0)

No 8 (77) 1 (12.5) 0 (0) 1 (12.5) 0 (0) 7 (62.5)

The categories which summarized different related adverse evets are in italicized letters

Abbreviations: Allo-SCT allogeneic stem cell transplantation; CR complete remission; CRi complete remission
with incomplete recovery; ELN European LeukemiaNet; PR partial remission
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several combination regimens containing selinexor have
shown potential synergy with promising efficacy in AML.
In our study, the combination of selinexor with FLAG-Ida
resulted in a CR/CRi of 41.7% (62.5% in patients with only
1 prior regimen), similar to that observed in other R/R AML
trials combining selinexor with intensive chemotherapy: 47%
with fludarabine/cytarabine in a pediatric cohort of 15 patients
[11]; 48% with idarubicin/cytarabine in a cohort of 45 adult
patients [12]; 38% with HIDAC/mitoxantrone in the subset of
8 R/R AML patients [13], and 45% with cladribine,

cytarabine, and G-CSF (CLAG) in a cohort of 40 patients
[14]. Of note, the PETHEMA study reported 52% CR/CRi
rate with FLAG-Ida with or without gemtuzumab ozogamicin
used as the first salvage therapy [2], similar to the results
described here for patients with one prior therapy. As first-
line therapy, selinexor added to cytarabine and daunorubicin
(7+3) obtained a 53% of CR/CRi in 19 evaluable patients with
poor-risk AML [15]; and 85% with frontline treatment with
cytarabine and daunorubicin (7+3) in 20 patients > 60 years
[16]; and 83% with selinexor in combination with high-dose
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cytarabine and mitoxantrone [13]. Recently, a phase I trial
suggested that selinexor maintenance therapy after allo-SCT
is safe and feasible in a cohort of 12 patients with high-risk
AML and MDS [23], with a median PFS and OS of 775 days
and 872 days respectively. Maintenance therapy with
selinexor was not tested in our study, although selinexor could
be continued into consolidation.

The OS in our study with selinexor combined with FLAG-
Ida (median, 6.0 months) was similar to that reported by other
studies in R/R AML using combinations with idarubicin/
cytarabine (median, 8.0-8.2 months) [12], CLAG (median,
7.8 months) [14], and decitabine (median, 5.9 months) [17].
We observed median EFS of 1.1 months, but EFS was only
reported in the CLAG study (6.1 months) [14]. Survival rates

days
6005004003002001000

O
ve

ra
ll 

su
rv

iv
al

1,0

0,8

0,6

0,4

0,2

0,0

100mg-censored
80mg-censored
60mg-censored
100mg
80mg
60mg

Selinexor dose

days
6005004003002001000

Ev
en

t-f
re

e 
su

rv
iv

al

1,0

0,8

0,6

0,4

0,2

0,0

100mg-censored
80mg-censored
60mg-censored
100mg
80mg
60mg

Selinexor dose

a

b

Kaplan-Meier

Kaplan-Meier

Fig. 5 Kaplan–Meier curves of
time-dependent event rates for
AML evaluable patients accord-
ing to the dose of selinexor. a
Kaplan–Meier curve of OS for
AML evaluable patients. b
Kaplan–Meier curve of EFS for
AML evaluable patients

1506 Ann Hematol (2021) 100:1497–1508



in the overall population (all dose levels) were similar to his-
torical control of patients with R/R AML treated with FLAG-
Ida (median OS 8.4 months) [1]. We show acceptable OS and
EFS (13.6 months and 10.6 months, respectively) in the
100 mg cohort, probably related to a relatively high CR/CRi
rate (66.7%) in these patients (with a negativeMRD in 3 out of
4 responders). A better response with higher selinexor doses
was suggested previously in combination with HIDAC
plus mitoxantrone [13], idarubicin/cytarabine [12], and
decitabine [17], but it was not reproduced with selinexor
monotherapy [7]. However, in our opinion, the higher ef-
ficacy observed in the 100 mg dose is likely related to more
favorable baseline characteristics in this cohort (all patients
with only 1 prior line, more intermediate risk, and lower
bone marrow blast). It is noteworthy that other trials re-
ported worse [13] or equal CR/CRi [7, 15] associated with
adverse cytogenetic risk, and number of prior therapies
was not related with response [7]. On the other hand, the
correlation between lower bone marrow blast and better
CR/CRi was also observed in a selinexor monotherapy trial
[7]. Of note, 100 mg selinexor once weekly is approved in
combination with bortezomib and dexamethasone in pa-
tients with previously treated multiple myeloma, and is
the highest once-weekly dose recommended [24].

Selinexor plus FLAG-Ida showed an acceptable safety pro-
file, with only 23.4% of patients experiencing severe AEs
(grade ≥3); febrile neutropenia (57.1%), pulmonary infections
(42.9%), and digestive tract disorders (28.5%) being the most
frequently reported severe AEs. The non-hematologic AEs
reported were similar to those in other studies combining
selinexor with intensive and non-intensive therapy, notably
febrile neutropenia [11, 13, 17], pulmonary infections [11,
13, 17], and digestive tract disorders [12–15, 17]. Most of
these AEs were well-known and associated with intensive
chemotherapy. Regarding selinexor-related AEs, diarrhea
(35.7%), nausea/vomiting (28.6%), and mucositis (28.6%)
were the main reported AEs in our study. Diarrhea and
nausea/vomiting have been previously reported, but less fre-
quently, as treatment emergent AEs with selinexor [7, 12–15,
17, 22–24]. However, mucositis has not been described in
previous selinexor trials, and we can speculate that the high
frequency here reported was mainly induced by FLAG-Ida
regimen [25]. Other studies have reported asymptomatic
hyponatremia as one of the most frequent selinexor-related
AEs [11, 15, 17], but it was rarely reported in our trial. It
should be noted that asthenia, anorexia, and even encephalop-
athy, which have been reported in older AML patients receiv-
ing selinexor monotherapy, were not observed in this trial.
This seems to suggest that such AEs could occur mainly in
elderly patients, given their susceptibility to neurological tox-
icities, and/or in those given twice weekly selinexor which has
been used previously. A novel second-generation SINE has
recently been developed, eltanexor (KPT-8602), with a

potential reduction of severe AEs associated with a lower
penetration in the central nervous system [26].

In summary, the results of the combination of selinexor
with FLAG-Ida in adult patients with R/R AML suggest an
acceptable tolerability and potent antileukemic efficacy. The
dose of selinexor 100 mg weekly showed efficacy and accept-
able tolerability. Despite the very small cohort of RP2D (100
mg/week), the results in terms of tolerability, responses, and
feasibility compared to FLAG-Ida alone could justify further
phase 2 trial with dose expansion in order to elucidate whether
a phase 3 could be recommended, or not. Further clinical trials
with selinexor 100 mg plus FLAG-Ida are needed to establish
potential usefulness of this regimen in R/R AML patients
younger than 65 years.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00277-021-04542-8.
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