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Introduction: Treatment of relapsed or refractory acute myeloid leukemia (R/R
AML) and myeloid sarcoma (MS) has presented challenges for decades. Studies on
selinexor in combination with various standard or intensive chemotherapy
regimens for the treatment of R/R AML have demonstrated promising results.
This study aimed to evaluate the efficacy and safety of chemotherapy-free or low-
dose chemotherapy regimens with selinexor for R/R AML and MS patients.

Methods: Ten patients with R/R AML or MS who received chemotherapy-free or
low-dose chemotherapy regimens in combination with selinexor at Tongji
Hospital from October 2021 to August 2022 were included in this study. The
primary endpoint was overall response rate (ORR) and secondary endpoints
included complete remission (CR), CR with incomplete hematological recovery
(CRi), partial remission (PR), transplantation rate, and safety.

Results: All patients were evaluable for response, achieving CR in four (40.0%)
patients and CRi in two (20.0%) patients for a total CR/CRi of 60.0%. The ORR was
80.0% when patients with PR were included. Five (50.0%) patients underwent
allogeneic hematopoietic stem cell transplantation (allo-HSCT) after treatment
with selinexor-containing regimens. At the end of the follow-up, seven (70.0%)
patients were alive, and three patients died of transplant-related complications or
disease progression. The most frequently reported nonhematologic adverse
events (AEs) in patients were grade 1 or 2 asymptomatic hyponatremia.

Conclusion: The chemotherapy-free or low-dose chemotherapy regimens in
combination with selinexor for R/R AML are feasible and tolerable and provide an
opportunity for patients to receive transplantation.
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1 Introduction

Relapsed or refractory acute myeloid leukemia (R/R AML) has
presented a challenge for decades. Despite numerous clinical trials,
outcomes are consistently disappointing with 5-year overall survival
rates of approximately 10% (DeWolf and Tallman, 2020). The goal
of salvage treatment is to achieve a second CR and serve as a bridge
to allogeneic hematopoietic stem cell transplantation (allo-HSCT).
The most commonly used salvage chemotherapies include FLAG-
IDA, MEC, and CLAG with estimated response rates of
approximately 40%–50% (Mims and Blum, 2019). However,
toxicities such as neutropenic fever, infection, and neurotoxicity
are concerns. Chemotherapy-free or low-dose chemotherapy
regimens are now recommended for older or unfit patients
(DeWolf and Tallman, 2020), but there are few reports in non-
elderly patients.

Some patients are candidates for intensive chemotherapy but,
for a variety of reasons, may not benefit from it. For example,
patients who fail to achieve CR after multiple intensive
chemotherapies had a lower probability to achieve CR after
another intensive chemotherapy. In addition, some patients have
poor bone marrow function after previous chemotherapies and may
not tolerate further intensive chemotherapy. Some patients have
complications such as infection, poor performance status (PS), or
are reluctant to receive intensive chemotherapy, but their disease
needs to be controlled as soon as possible. For these patients, the
choice of treatment is particularly important because if they can
achieve CR again, they have the opportunity for transplant and the
potential for longer survival.

Hence, the choice of salvage therapy for the individual patient must
include consideration of the associated toxicity profile, as excessive
toxicity from the chosen regimen may preclude the feasibility of future
stem cell transplantation (Ferrara et al., 2004). Targeted therapies have
been shown to be more effective and less toxic than chemotherapy
(Isidori and Ferrara, 2021) and the wealth of positive data allows
reconsideration of what might soon be new standards of care in
younger patients with AML (Kayser and Levis, 2022). Results of
several clinical trials confirmed that the early application of targeted
agents can result in a deeper and more sustainable remission, with
survival benefits for R/R AML patients (Ma and Ge, 2021).

Small molecule inhibitors such as FLT3 inhibitors, IDH inhibitors,
and BCL-2 inhibitor as a single agent or in combination with other
therapies are new to the arsenal of AML therapy (Rashidi et al., 2018).
However, resistance to FLT3 inhibitor, sorafenib and BCL-2 inhibitor,
venetoclax has emerged (Gebru and Wang, 2020; Zhang et al., 2022),
and some patients have poor tolerance of these agents (Röllig et al.,
2015). Second-generation FLT3 inhibitor, gilteritinib trends toward a
longer median overall survival effect compared with salvage
chemotherapy among patients who received a prior FLT3 inhibitor
(Perl et al., 2022), but its high price and medical insurance limit its use.
XPO1 is the exclusive, nuclear exporter ofmostmajor tumor suppressor
proteins and growth regulatory proteins, including p53, p21, p73,
FOXO1, and NPM1 (Senapedis et al., 2014; Das et al., 2015;
Ishizawa et al., 2015). Higher levels of XPO1 have been
independently associated with a worse prognosis in adults with AML
(Kojima et al., 2013). Selinexor is an oral, first-in-class selective inhibitor
of nuclear export (SINE), specifically blocking XPO1 (Hing et al., 2016).
Preclinical studies showed that selinexor has potent cytotoxic activity in

AML cell lines and in murine models, including its ability to kill
noncycling leukemic stem cells with minimal effects on normal bone
marrow (Ranganathan et al., 2012; Etchin et al., 2013; Etchin et al.,
2016). Patients with R/R AML received 4, 8, or 10 doses of selinexor in a
21- or 28-day cycle, and 14% of the 81 evaluable patients achieved an
objective response and 31% showed ≥50% decrease in bone marrow
blasts from baseline (Garzon et al., 2017). There are also other R/RAML
trials combining selinexor with intensive chemotherapy (Abboud et al.,
2020; Bhatnagar et al., 2020; Fiedler et al., 2020; Martinez Sanchez et al.,
2021).

Considering that additional intensive chemotherapy would
increase the incidence of complications such as infection, we
decided to evaluate chemotherapy-free or low-dose chemotherapy
regimens with selinexor to achieve remission. There have been
several clinical trials of selinexor alone or in combination with
other chemotherapeutic agents for the treatment of AML. However,
there are few studies of chemotherapy-free or low-dose
chemotherapy regimens including selinexor. Herein we report
our experience and results of salvage treatment strategies with
selinexor-based regimens for patients with R/R AML.

2 Materials and methods

2.1 Study population

The patients’ enrollment period was October 2021 to August
2022, and the follow-up deadline was January 2023. The inclusion
criteria were as follows: 1) age>18 years and<60 years; 2) R/R AML
defined as relapse, failure to achieve complete remission (CR), or CR
with incomplete hematologic recovery (CRi) after 2 prior lines of
treatment (Döhner et al., 2022); 3) The diagnosis of myeloid
sarcoma was based on the World Health Organization (WHO)
classification version 2022 of haematolymphoid tumours (Cree,
2022). The exclusion criteria were as follows: 1) AML-M3
diagnosed based on the FAB classification; 2) unstable
cardiovascular function, liver dysfunction, severe renal dysfunction.

2.2 Treatment schedule

(1) azacitidine 75 mg/m2/d on days 1–7, venetoclax dosing began at
100 mg on day 1 and increased stepwise to reach the serum level
of 1,000 and 1,500 ng/mL (voriconazole 100 mg/d or 200 mg/d
will be used to raise the venetoclax serum level), and we will
begin monitoring serum levels of venetoclax after 1 week of
treatment; selinexor was initially dosed at 35 mg/m2 by mouth
administered in 4-week long cycles of twice weekly for 3 weeks
with 1 week off to improve tolerability.

(2) homoharringtonine 1 mg/d on days 1–5, bortezomib 1.3 mg/m2 on
days 1, 4, 8, 11 or once weekly for 4 weeks, G-CSF 300 ug/d, and
selinexor (usage is as described above). Minor adjustments were
made for each patient, and the regimens are detailed in Table 2.

Bone marrow assessments were performed weekly after
treatment. Patients achieving CR or CRi in 2 weeks were
recommended for allo-HSCT as soon as possible. Patients with
bone marrow blast percentage decrease more than 50% in 2 weeks
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but not achieving CR after treatment, were continued with selinexor
treatment. The change of regimen will be considered when one of
the following situations occurs: 1) the patient’s bone marrow blast
percentage decreases less than 50% in 2 weeks after treatment; 2) the
patients mentioned above still have not achieved CR in 3 weeks.

2.3 Safety

Adverse Events (AEs) were classified according to Common
Terminology Criteria for Adverse Events (CTCAE V5.0). AEs were
classified as severe AEs, drug-related AEs, AEs of special concern
(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. To
minimize nausea, all patients received 5-HT3 antagonists starting
before the first dose of selinexor and continued two to three times a
day as needed.

2.4 Evaluation and definition

Bone marrow assessments were performed weekly after
treatment. As for gastric myeloid sarcoma, ultrasound, CT, and
PET-CT were used after treatment. MRDwas evaluated according to
European LeukemiaNet (ELN) version 2022 (Döhner et al., 2022).
Bone marrow aspiration was assessed for MRD using
multiparameter flow cytometry combined with real-time
quantitative polymerase chain reaction (RT-qPCR) as follows:

1) MRD assessed by multiparameter flow cytometry (MFC):
MRD negativity was defined as<0.1%. 2) MRD assessed by RT-
qPCR: abnormal genes associated with prognosis were used for
molecular MRD detection (Heuser et al., 2021). 3)WT1 was used for
molecular MRD assessment if no molecular marker was available at
diagnosis, MRD negativity was defined as <0.6% (Wang et al., 2020).
Subjects were defined as MRD-negative when MFC and molecular
marker/WT1 were both negative in two consecutive samples.

The primary objective was to determine the overall response rate
(ORR) and secondary objectives were to determine the complete
remission (CR) rate, incomplete hematological recovery (CRi) rate,
partial remission (PR) rate, toxicities, and allo-HSCT rate, defined as
the number of patients who proceeded to allo-HSCT following
remission. CR was defined as being transfusion independent with
an absolute neutrophil count (ANC) > 1.0 × 109/L, platelet
count >100 × 109/L, bone marrow blasts <5%, absence of
circulating blasts, and absence of extramedullary disease. CRi was
defined as meeting all CR criteria except for residual neutropenia
(<1.0 × 109/L) or thrombocytopenia (<100 × 109/L). PR was defined
as a decrease in pre-treatment bone marrow blast percentage by at
least 50% and to within the range of 5%–25%, while otherwise
meeting all hematologic criteria of CR (Döhner et al., 2022). CR,
CRi, and PR were counted toward the ORR.

2.5 Statistical analysis

All data were analyzed using SPSS 25.0. Continuous variables
were described with the median and interquartile range (IQR) or

range. Categorical variables were presented using frequencies and
percentages.

3 Results

3.1 Patient characteristics

Between October 2021 and August 2022, we enrolled nine
patients with R/R AML and one patient with gastric myeloid
sarcoma, including six (60.0%) males and four (40.0%) females in
this study. The follow-up deadline was January 2023. The median
age of patients was 46 years (range 33–56 years). Seven (70.0%)
patients had an ECOG performance status of 0 or 1 and 3 (30.0%)
had an ECOG performance status of 2. In R/R AML patients, five
patients relapsed within 12 months, one after 12 months, and three
were refractory. According to the 2022 ELN guidelines (Döhner
et al., 2022), four (40.0%) and three (30.0%) were classified as
adverse, and intermediate genetic risk, respectively. The most
frequently mutated genes were RUNX1 (30.0%), MLL (30.0%),
FLT3 (30.0%), IDH2 (20.0%), and CEBPA (20.0%). The median
bone marrow blast count was 10.25% (IQR 6.13, 47.50) before
treatment containing selinexor. And one patient received
autologous HSCT before. The median prior lines of
chemotherapy that patients received were four (IQR 1, 6), and
four out of ten (40.0%) patients had received more than five
prior lines of chemotherapy and one patient received up to
13 cycles of chemotherapy. The patient demographics and
characteristics are shown in Table 1 (the results of the
chromosome karyotype and gene mutation, and regimens that
patients received are provided in Table 2).

3.2 Efficacy

All patients included in the study were evaluable for response,
achieving CR in four patients (40.0%) and CRi in two patients
(20.0%) for a total CR/CRi of 60.0%. Four patients with CR or CRi
achieved MRD-negativity and the median time to MRD negativity
was 12 days after treatment. Two (20.0%) patients achieved PR,
resulting in an ORR of 80.0% (Table 3). Four (40.0%) patients who
achieved CR/CRi after one cycle of a regimen containing selinexor
then received allo-HSCT. And one patient with gastric myeloid
sarcoma received allo-HSCT after multiple selinexor-containing
regimens.

At the end of the follow-up, five (50%) patients received allo-
HSCT, six (60.0%) patients remained in CR, seven (70.0%) patients
were alive, and three patients died of severe transplantation-related
complications or disease progression. Four out of five patients who
received allo-HSCT were alive at the end of the follow-up (Figure 1).

3.3 Safety

All ten patients were included in the safety assessment. As for
hematological toxicity, six patients whose time to recovery from
neutropenia and thrombocytopenia can be evaluated, the median
duration of neutropenia was 7 days (IQR 0,18) and the median
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duration of thrombocytopenia was 4 days (IQR 0,18) during
induction. Of the remaining four patients, two underwent
bridge transplantation without neutropenia and
thrombocytopenia recovery, one underwent the next
chemotherapy treatment before recovery, and the other
abandoned treatment and was discharged.

Most of the nonhematologic AEs were mild, eight patients
experienced grades 1–2 AEs, and two patients experienced grades
3–4 AEs. One patient suffered acute cerebral infarction and
improved after treatment, which was not related to selinexor
treatment. The most common nonhematologic AEs occurring
were as follows: hyponatremia (100%), nausea (40.0%), fatigue
(30.0%) and vomiting (20.0%) (Table 4).

4 Discussion

The prognosis of R/R AML and myeloid sarcoma are poor and
treatments are challenging. Allo-HSCT is still the most effective
treatment for patients who achieve complete remission (CR).
Effective salvage chemotherapy regimens are still being explored,
how to enable more patients to achieve a second CR and be able to
receive transplantation is a challenge.

At present, intensive chemotherapy is still the first choice for
patients with R/R AML, but its toxicities and drug resistance
provide limited benefits for patients. Considering the development
of modes of chemotherapy combined with targeted drugs,
chemotherapy-free or low-dose chemotherapy regimens are used in
our study. Selinexor is an oral, first-in-class, selective inhibitor of nuclear
export compound, which blocks XPO1 function and has shown
promising anti-leukemia activity in vitro and in vivo (Etchin et al.,
2016). Studies of selinexor alone or in combination with other
chemotherapy drugs have shown good efficacy in the treatment of
R/R AML. Selinexor 100 mg/weekly with FLAG-IDA in the treatment
of R/R AML achieved a CR/CRi rate of 66.7% (Martinez Sanchez et al.,
2021); Selinexor 60 mg on days 1,5,10,12 based on CLAG achieved a
CR/CRi rate of 45% in 40 R/R AML patients (Abboud et al., 2020);
Selinexor in combination with fludarabine and cytarabine in pediatric
R/R AML achieved the CR/CRi rate of 47% in 15 patients (Alexander
et al., 2016) and selinexor plus cytarabine and idarubicin in patients
with R/R AML achieved a CR/CRi rate of 47.6% (Fiedler et al., 2020). In
this study, we proposed chemotherapy-free or low-dose chemotherapy
regimens containing selinexor for the treatment of R/R AML and
myeloid sarcoma. According to the principle of treatment
individualization, factors such as patients’ previous chemotherapy

TABLE 1 Baseline data of patients.

Characteristics Total (n = 10)

Age, years, median (range) 46 (33–56)

Patient gender, n (%)

Male 6 (60.0%)

Female 4 (40.4%)

Type of disease

AML-M1 1 (10.0%)

AML-M2 5 (50.0%)

AML-M4 2 (20.0%)

AML-M5 1 (10.0%)

Myeloid Sarcoma 1 (10.0%)

ECOG

0 3 (30.0%)

1 4 (40.0%)

2 3 (30.0%)

Remission duration

≤12 m 5 (50.0%)

>12 m 1 (10.0%)

Refractory disease 3 (30.0%)

ELN genetic group

Favorable 1 (10.0%)

Intermediate 3 (30.0%)

Adverse 4 (40.0%)

Unknown 2 (20.0%)

Post-HSCT 1 (10.0%)

Results before treatment

CBCs, median (IQR)

WBC(×109/L) 3.54 (0.50–6.16)

ANC (×109/L) 1.64 (0.05–4.59)

Hb (g/L) 87.50 (69.75–95.50)

PLT (×109/L) 32.00 (18.75–178.50)

Bone marrow blasts, %, median (IQR) 10.25 (6.13–47.50)

Extramedullary infiltration, n (%) 1 (10.0%)

Molecular abnormality, n (%) 9 (90.0%)

Chromosome abnormality, n (%) 4 (40.0%)

Previous therapy cycles, median (IQR) 4 (1–6)

At the end of follow-up

Allo-HSCT 5 (50.0%)

Status of disease

(Continued in next column)

TABLE 1 (Continued) Baseline data of patients.

Characteristics Total (n = 10)

CR 6 (60.0%)

NR 4 (40.0%)

Survival, n (%) 7 (70.0%)

CBCs, complete blood counts; WBC, white blood cell; ANC, absolute neutrophil count; Hb,

hemoglobin; PLT, platelets; CR, complete remission; NR, non-remission; AML, acute

myelocytic leukemia; MDS, myelodysplastic syndromes; HSCT, hematopoietic stem cell

transplantation; ECOG, eastern cooperative oncology group; ELN, European LeukemiaNet.
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TABLE 2 The results of the chromosome karyotype, gene mutation and regimen of patients.

No./
Diagnosis

Gender/
Age

Chromosome
karyotype/Gene

mutation

Previous
therapy
cycle

Reasons for
choosing this

regimen

Treatment Outcomes
after

selinexor

HSCT Status
at the
follow-
up

1 Female Unknown 0 Gastric lesions are
prone to perforation

AZA 75 mg/m2/d IH d1-
7+ VEN 100 mg qd
increased stepwise to
reach the dose of 200 mg
+ selinexor 35 mg/m2

biw for 2 weeks

PR Yes CR

Gastric myeloid
sarcoma

37 Unknown Acute cholecystitis
and percutaneous
transhepatic drainage
of the gallbladder was
made

Survival

2 Male Unknown 1 Primary resistance AZA 75 mg/m2/d d1-
7+VEN 200 mg qd +
selinexor 35 mg/m2 qw
for 3 weeks

CR Yes CR

AML-M2 53 IDH2; WT1; PTPN11;
U2AF1; MLL-PTD

Gene mutations with
poor prognosis

MRD (−) Dead

3 Male 46, XY 4 Primary resistance HHRT 1 mg/d d1-5+
bortezomib 1.3 mg/m2

biw for 2 weeks +
G-CSF 300ug/d IH d1-
14+ selinexor 35 mg/m2

biw for 2 weeks

CRi Yes NR

AML-M5 46 FLT3-TKD;
RUNX1; WT1

MRD (−) Survival

4 Male 47, XY, +8[1]/46, X, -Y
[2]/46, XY [7]

13 No response to
multiple
chemotherapies

AZA 75 mg/m2 d1-7+
VEN 100 mg qd +
selinexor 35 mg/m2 biw
for 2 weeks

CR No CR

AML-M4 56 ASXL1; DNMT3A;
IDH1; IDH2

MRD (−) Survival

5 Male 46, XY [7], del (3), del
(6), t (7;12), +11

2 Primary resistance Bortezomib 1.3 mg/m2

qw for 4 weeks + VEN
200 mg qd + selinexor
35 mg/m2 biw for
2 weeks

PR No NR

Gene mutations with
poor prognosis

AML-M2 33 FLT3-ITD; RUNX1;
WT1; MLL-PTD

No response to
intensive
chemotherapy

MRD (+) Dead

Perianal infection

6 Female 46, XX 10 Recurrent perianal
infection

AZA 75 mg/m2/d d1-7+
chidamide 30 mg biw +
bortezomib 1.3 mg/m2

qw for 4weeks +
selinexor 35 mg/m2 biw
for 2 weeks

NR No NR

AML-M2 39 CEBPA; WT1; KRAS Bloodstream infection MRD (+) Survival

7 Female 46, XX 5 Relapse within
8 months after auto-
HSCT

DAC 20 mg/m2/d d1-5
+ HHRT 2 mg d3-7 +
Ara-C 25 mg Q12 h IH
d3-9 + G-CSF 300ug qd
IH + selinexor 35 mg/
m2 biw for 2 weeks

CRi No CR

AML-M1 46 RUNX1; GATA2 MRD (+) Survival

8 Male 46, XY, del(11)(q23) 5 No response to
multiple
chemotherapies

AZA 75 mg/m2/d d1-
5+VEN 100 mg qd +
selinexor 35 mg/m2 biw
for 2 weeks

CR Yes CR

AML-M4 34 KRAS; MLL-ELL;
MLL-AF6

MRD (+) Survival

9 Male 46, XY 3 Relapse AZA 75 mg/m2/d d1-7+
VEN 200 mg qd +
selinexor 35 mg/m2 biw
for 2 weeks

NR No NR

AML-M2 51 SMC1A; TET2;
CEBPA; CSF3R

The patient requested
a non-intensive
chemotherapy

MRD (+) Dead

10 Female 45, X, -X, t (8;21) (q22;
q22.1)

1 Capillary leak
syndrome during
previous
chemotherapy

AZA 75 mg/m2/d qd IH
d1-5+ HHRT 2 mg/d
d1-5+ Ara-C 50 mg qd
d1-5 + selinexor 35 mg/
m2 biw for 2 weeks

CR Yes CR

AML-M2 46 NRAS; JAK2; FLT3-
ITD; RAD21;
AML1-ETO

Poor bone marrow
function after previous
chemotherapy

MRD (−) Survival

AZA, azacytidine; VEN, venetoclax; DAC, decitabine; Ara-C, cytarabine; ACM, aclacinomycin; HHRT, homoharringtonine.
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regimens, PS, types of medical insurance, and wishes were considered,
so the regimens containing selinexor varied among the ten patients.
However, patients in this study achieved an ORR of 80% and a CR/CRi
rate of 60.0%, which was similar to or even better than the results
reported above. And four patients with CR or CRi achieved MRD-
negative remissions.

Of note, we used low-dose chemotherapy or chemotherapy-free
regimens with selinexor and achieved results similar to those of
selinexor in combination with standard or intensive chemotherapy.
These promising results support a new, less intensive treatment
option for patients with R/R AML. There are several reasons for our
good results: firstly, considering the rapid changes of primary
diseases and possible drug resistance in R/R AML patients, bone
marrow assessments were performed weekly after treatment to make
sure that the treatment will be adjusted promptly, according to the
changes in disease; then, the innovative combination of selinexor
with venetoclax also enhanced efficacy; at the same time, the
treatment regimens containing selinexor were well tolerated by

the patients, and there were few cases of treatment interruption
or delay due to adverse events.

Nowadays, venetoclax is mainly used in combination with
decitabine (DiNardo et al., 2020; Wei et al., 2020; Pollyea et al.,
2021), cytarabine (Wei et al., 2019; Karol et al., 2020), and
azacitidine (Winters et al., 2019; Pollyea et al., 2021) in the
treatment of AML. However, responses to venetoclax correlate
closely with the developmental stage, and monocytic AML is more
resistant. Mechanistically, resistant monocytic AML has a distinct
transcriptomic profile with loss of expression of venetoclax’s
target, BCL-2, and reliance on MCL-1 to mediate oxidative
phosphorylation and survival (Pei et al., 2020). MCL-1 is a key
player in the intrinsic resistance to venetoclax in AML cells
(Bogenberger et al., 2014; Niu et al., 2014). Preclinical results
showed that selinexor induces responses at well-tolerated doses
(Etchin et al., 2016) and decreases MCL-1 protein levels
(Lapalombella et al., 2012). Selinexor in combination with
venetoclax, modulates MCL-1, which plays an important role in
the antileukemic activity of the combination (Luedtke et al., 2018).
Fischer, M.A. also found that venetoclax response is enhanced by
SINE compounds (Fischer et al., 2020). There are three ongoing
clinical trials of selinexor in combination with venetoclax from the
Clinical Trial Registry website. The first one is a combination of
selinexor and venetoclax with cytarabine and fludarabine for
children or young adults with R/R AML. The second one is
untreated AML who are ineligible for intensive chemotherapy
but MRD positive after azacitidine and venetoclax, selinexor
60 mg on D15 and D22 will be added. The third one is the use
of only selinexor in combination with venetoclax for naïve and
refractory AML. However, no results of the three trials were
posted. To our knowledge, there are no prior published studies

TABLE 3 Outcomes of patients after receiving one cycle of regimen containing
selinexor.

Characteristics Total (n = 10)

CR 4 (40.0%)

CRi 2 (20.0%)

CR/CRi 6 (60.0%)

PR 2 (20.0%)

NR 2 (20.0%)

ORR 8 (80.0%)

FIGURE 1
Response to the treatment and overall survival in all the patients included. Note: Patients No.9 did not have regular bonemarrow assessment due to
personal reasons, so the actual CR period may be shorter than that shown in the figure, hence the curative effect was judged to be NR (shown in Table 2).

Frontiers in Pharmacology frontiersin.org06

Tong et al. 10.3389/fphar.2023.1217701

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1217701


of selinexor combined with venetoclax in AML or myeloid
sarcoma patients.

In our study, six of our patients were treated with regimens
including selinexor and venetoclax. Of the six patients, three
achieved CR, two achieved PR, and the ORR was 83.3%. Two
patients with monocytic leukemia, AML-M4, achieved CR after
treatment containing selinexor and venetoclax. In addition,
another patient with AML-M5 achieved CR after treatment

containing selinexor. Therefore, for patients with monocytic
leukemia, venetoclax alone should be avoided as much as
possible, and selinexor is superior to venetoclax. Of course,
this is only our treatment experience based on a small number
of cases, and further conclusions need to be verified by more
cases.

The intensive chemotherapy approach is accompanied by
several potential complications, including prolonged marrow

TABLE 4 Classification and frequency of total adverse events and according to grade.

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Total

Hematologic toxicities

Anemia 1 (10.0) 3 (30.0) 6 (60.0) - 10 (100)

Neutropenia - - 3 (30.0) 7 (70.0) 10 (100)

Thrombocytopenia - - 1 (10.0) 6 (60.0) 7 (70.0)

Leukopenia - - 3 (30.0) 7 (70.0) 10 (100)

Febrile neutropenia - - 5 (50.0) - 5 (50.0)

Gastrointestinal disorders

ALT increased - - 1 (10.0) - 1 (10.0)

AST increased - - 1 (10.0) - 1 (10.0)

Nausea - 4 (40.0) - - 4 (40.0)

Diarrhea - - - - 0

Hyperbilirubinemia - - - - 0

Mucositis oral - - - - 0

Vomiting - 2 (20.0) - - 2 (20.0)

Cholecystitis - 1 (10.0) - - 1 (10.0)

General disorders and administration site conditions

Fatigue 3 (30.0) - - - 3 (30.0)

Edema limbs - - - - 0

Weight loss 1 (10.0) - - - 1 (10.0)

Infections

Sepsis - - - 1 (10.0) 1 (10.0)

Lung infection - 1 (10.0) - - 1 (10.0)

Electrolyte and nutrition disorders

Hyperglycemia - - - - 0

Hypokalemia - - 1 (10.0) - 1 (10.0)

Hypomagnesemia - - - - 0

Hyponatremia 7 (70.0) 3 (30.0) - - 10 (100)

Anorexia - - - - 0

Nervous system disorders

Headache - - - - 0

Peripheral motor Neuropathy - - - - 0

Stroke - 1 (10.0) - - 1 (10.0)
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aplasia (Carter et al., 2020). Patient No. 7 who underwent autologous
hematopoietic stem cell transplantation (auto-HSCT) but had a
relapse 8 months after transplantation did not have a suitable
donor for allo-HSCT and could not tolerate intensive
chemotherapy because of her poor marrow function. In
addition, patient No. 10 also had marrow aplasia after previous
intensive chemotherapy. The preclinical studies showed that
selinexor has potent cytotoxic activity in AML cell lines and
murine models with minimal effects on normal bone marrow
(Ranganathan et al., 2012; Etchin et al., 2013; Etchin et al., 2016).
For such patients, selinexor-containing chemotherapy-free or low-
dose chemotherapy regimens are more suitable because it does not
affect bone marrow function, which also is one of the advantages of
this regimen.

Patient No. 1 was diagnosed with gastric myeloid sarcoma.
Isolated Myeloid sarcoma is rare and incidence has been limited
to case reports which often pose therapeutic dilemmas (Bakst
et al., 2011). Given the inability of the patient to tolerate
intensive chemotherapy for the lesion in the stomach and the
efficacy of selinexor in AML as well as the tolerability of
selinexor in patients with gastric cancer (Subhash et al.,
2018), a low-dose chemotherapy regimen containing
selinexor was used. After receiving two cycles of low-dose
chemotherapy regimen, the SUV value of the gastric area
went down from 12.1 to 7.1. Then another regimen
containing selinexor brought the SUV value down to 2.1, the
patient achieved a PR and then received allo-HSCT. Our study
only included one patient with myeloid sarcoma, but it also
provides supportive data for the treatment of myeloid sarcoma,
especially in patients who are not suitable for chemotherapy.

R/R AML patients are mostly accompanied by adverse gene
mutations, such as TP53, ASXL1, RUNX1, and so on (Döhner
et al., 2022). In our study, patients with these adverse mutations
achieved CR or PR after treatment containing selinexor. MLL-
PTD often occurs in elderly patients and consists of 3%–5% of
de novo AML, having a bad prognosis (Kihara et al., 2014). Both
patient No. 2 and patient No. 5 had MLL-PTD mutation and
had improved outcomes after receiving the selinexor-
containing regimen. It is not clear which type of AML
patients would benefit the most from a selinexor-containing
regimen for the small patient cohort, which is the limitation of
our study. The previous paper found biomarkers for
personalized treatment of acute myeloid leukemia with
doxorubicin as well as etoposide in silico analysis and
in vitro experiment (Turk et al., 2020). This gives us a hint
that follow-up studies could further identify the best benefit
groups in this way.

Allo-HSCT remains the only curative treatment for R/R AML
and myeloid sarcoma (Tallman et al., 2019). And allo-HSCT is
best performed in CR, which is preferred by allowing enough
time for a robust graft-versus-leukemia (GVL) effect to be
established and results may be even better in patients with a
deeper remission documented by negative cytogenetic,
molecular, or flow cytometric analyses (Rashidi et al., 2018).
In contrast, allo-HSCT in patients with active leukemia at the
time of transplant have poor outcomes with long-term survival
rates of only about 20% (Jabbour et al., 2014; Othus et al., 2015).
In our study, four patients received an allo-HSCT after

achieving CR, one patient received an allo-HSCT after
achieving PR and our transplantation rate was 50.0%, which
was similar to that seen with selinexor in combination with
standard and intensive chemotherapy regimens (Fiedler et al.,
2020; Martinez Sanchez et al., 2021).

As for hematological toxicity, in terms of neutrophil and platelet
recovery time, the regimen that selinexor combined with CLAG were
28 and 37 days respectively (Abboud et al., 2020), and the regimen
that selinexor plus FLAG-Ida were 40 days and 21 days respectively
(Martinez Sanchez et al., 2021). And the median time of neutrophil
recovery was 35 days (range, 21–47) in selinexor plus fludarabine and
cytarabine (Alexander et al., 2016). In our study, the median duration
of grade 3/4 neutropenia and grade 3/4 thrombocytopenia were 7 days
and 4 days respectively, which was shorter than that of selinexor
combined with standard or intensive chemotherapy regimens. This
reduces the incidence of serious infections and bleeding during
periods of neutropenia and thrombocytopenia and increases the
opportunity for transplantation.

In terms of nonhematologic AEs, all patients had grade
1–2 hyponatremia, with no grade 3–4 hyponatremia reported
which is lower than the data reported in the literature
(Alexander et al., 2016; Bhatnagar et al., 2020). Reversible
cerebellar toxicity has been reported with selinexor at 70 mg/m2

in R/R AML patients (Alexander et al., 2016) and with selinexor at a
dose of 85 mg/m2 in a patient with advanced solid tumors (Abdul
Razak et al., 2016). One of the patients in this study had an acute
cerebral infarction after receiving selinexor at 35 mg/m2, but it was
judged to be unrelated to selinexor as the patient had a long history
of venous thrombosis in the lower extremities, and symptoms
resolved with treatment. One patient who received 10 cycles of
chemotherapy regimens prior, suffered from septic shock during the
treatment. No serious AEs were observed in the remaining patients
during treatment, and the treatment was generally well tolerated.
Mild AEs are also one of the advantages of our study, which allows
patients to tolerate treatment without interruption due to adverse
reactions. At the same time, the patients were in better PS and
eligible patients could bridge to transplantation.

We have to admit that our study has limitations due to real-
world study. The small patient cohort, the heterogeneity in
treatment approach, lack of control group and short follow-up
period are limitations of our study. However, given the lack of
effective treatments for R/R AML and myeloid sarcoma, our
current study could still provide useful information to
hematologists. In the future, randomized controlled trials
may provide stronger evidence of the efficacy and safety of
the treatment.

In summary, in this study, chemotherapy-free or low-dose
chemotherapy regimens with selinexor achieved good outcomes
and was well tolerated in patients with R/R AML, providing the
opportunity for transplantation, which could be a viable novel
treatment option for patients with R/R AML.
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