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The management of patients with myelodysplastic syndrome (MDS) refractory to
hypomethylating agents (HMAs) remains a challenge with few reliably effective
treatments. Preclinical studies have shown that the inhibition of the nuclear
export protein XPO1 causes nuclear accumulation of p53 and disruption of NF-
kB signaling; both of which are relevant targets for MDS. Selinexor is an XPO1
inhibitor with demonstrated efficacy in MDS patients. Herein, we report three
patients with MDS refractory to HMAs, however, when selinexor and venetoclax
were added to the treatment regimen, the patients achieved a complete
response and a significant reduction in spleen size. All patients successfully
underwent hematopoietic stem cell transplantation. These cases demonstrate
that the combination therapy can achieve CR and significant reductions in spleen
size, offering a promising therapeutic option for patients with limited treatment
choices. Combination therapy would also offer a potential way for patients to
bridge to transplantation. Formal evaluations of this regimen in patients with MDS
refractory to HMAs may be meaningful.
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Introduction

Myelodysplastic syndrome (MDS) comprises a heterogeneous
group of myeloid malignancies with distinct natural histories (1).
For patients with high-risk MDS, there is no standard therapy for
patients refractory to hypomethylating agents (HMAs) (2). The
prognosis of patients with HMA failure is poor and overall survival
in that setting is less than 6 months (3). Currently, there are no
therapies with significant activities for this group of patients. For
patients with higher risk HMA failure, options that have been
investigated include rigosertib, venetoclax, and guadecitabine,
among others (4, 5).

Exportin 1 (XPO1) is a protein that regulates the nuclear export
of client proteins and has been found to play a critical role in
multiple cancers (6). As a nuclear exporter, XPO1 plays a critical
role in the intracellular localization of multiple proteins, as well as
some mRNA transcripts. XPO1 is also required for the survival of
solid tumors and hematological malignancies (7). Selinexor is a
first-in-class selective inhibitor of nuclear export of compounds that
inhibit XPO1 and has activity against hematologic and solid tumor
malignancies. Selinexor inhibits XPO1 and has shown promising
responses in multiple myeloma (8), acute myeloid leukemia (AML)
(9, 10), and non-Hodgkin lymphoma (11) patients. Furthermore,
Selinexor has shown efficacy in patients who fail to respond to
HMA therapy (12). Previous attempts to treat patients with MDS
resistant to HMAs have failed to achieve efficacy and safety results.
Studies have shown that selinexor has synergistic effects with HMAs
and B-cell lymphoma-2 (BCL-2) inhibitors, while its application
can enhance the killing of tumor cells (13, 14). Thus, we assessed a
three-drug combination therapy in this study. Here, we present
three refractory MDS patients who were unresponsive to
azacitidine, including the venetoclax plus azacitidine regimen, but
were successfully treated by selinexor in combination with
venetoclax and decitabine. The regimen was safe and effective,
and may provide a new option for relapsed or refractory MDS
patients with resistance to HMAs.

Case presentations

Patient 1

A 35-year-old female was diagnosed with MDS with anemia in
September 2020. Bone marrow (BM) aspiration revealed a
hypercellular BM with 2% blasts and erythrophyletic,
granulopathic, and megakaryotic pathological hematopoiesis.
Cytogenetics and fluorescence in situ hybridization were normal.
Initially, the patient was treated with cyclosporine and blood
transfusion support. During that period, the patient also received
four cycles of azacitidine and achieved hematological improvement.
In April 2022, the patient’s anemia worsened. Bone marrow
aspiration revealed a hypercellular BM with 2.5% blasts and
trilineage pathological hematopoiesis. Bone marrow biopsy
revealed marrow fibrosis-1 (MF-1). Chromosomal analysis
revealed a normal karyotype. Myeloid tumor-related gene
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detection showed that the patient was positive for ASXLI, STAG2,
and TET2. Fusion genes were all negative. Hematopoietic stem cell
transplantation (HSCT) was recommended, which the patient
refused. The patient continued to receive azacitidine for seven
cycles and the disease progressed. Repeat bone marrow cytology
showed 9% blasts. Bone marrow biopsy revealed MF-2. Myeloid
tumor-related gene detection revealed positivity for ASXLI, BCOR,
CEBPA, CRS3R, IDH2, STAG2, and TET2. Ultrasonography
revealed splenomegaly of 19.6 cm long and 4.7 cm thick.
Therefore, MDS with secondary myelofibrosis was diagnosed.

The patient was then treated with decitabine combined with
venetoclax and selinexor [decitabine once daily (10mg dayl-5),
venetoclax once daily (100 mg dayl-21), and selinexor twice per
week (40mg day2, 5, 9, 12, 16, 19)] as a salvage therapy. complete
remission (CR) was achieved after one cycle of therapy, and the
bone marrow blast counts decreased from 9% to 0%. The spleen size
was significantly reduced to 15.2 cm long and 4.0 cm thick. The
adverse events (AEs) occurring during treatment were mainly grade
1-2 nausea and hematological toxicity. Self-improvement was
achieved without special treatment. The patient then completed
allogeneic HSCT. The complete treatment process is shown in
Table 1. The patient remains on maintenance treatment with
decitabine, and currently experiences CR and minimal residual
disease is negative based on flow cytometry. As of November 2024,
the patient had a recurrence-free survival for 9 months.

Patient 2

A 39-year-old female was diagnosed with MDS in July 2023
with pancytopenia. Bone marrow aspiration revealed a
hypercellular BM with 8% blasts and erythroid and
megakaryocyte pathological hematopoiesis. Cytogenetics revealed
a complex karyotype, and a molecular panel identified aberrations
in DNMT3A, SH2B3, and TP53. Fusion genes were all negative.
Fluorescence in situ hybridization revealed a 17p deletion. The
patient was treated with azacitidine for two cycles, but progressive
disease was observed. Bone marrow examination showed a
hypercellular marrow with 34% myeloid blasts. Bone marrow
biopsy revealed ME-2. Ultrasonography showed splenomegaly of
20.2 cm long and 7.1 cm thick. According to the guidelines, AML
can be diagnosed when the number of bone marrow blast counts in
MDS patients increases to more than 20% (15). Therefore, acute
myeloid leukemia transformed by MDS was diagnosed. The patient
received one cycle of treatment with azacitidine combined with
venetoclax [azacitidine once daily (100 mg, days 1-7); venetoclax
once daily (100 mg, days 1-14)], however, bone marrow did not
exhibit remission. Then, decitabine combined with venetoclax and
selinexor [decitabine once daily (10 mg, days 1-5), venetoclax once
daily (100 mg, days 1-21), and selinexor three times per week (20
mg, days 2, 4, 6, 9, 11, 13, 16, 18, 20)] was administered. CR was
achieved after one cycle of therapy, and the bone marrow blast
count was decreased from 34% to 3%. The spleen size was
significantly reduced to 12.1 cm long and 4.0 cm thick. The AEs
occurring during treatment were mainly grade 1-2 nausea and
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TABLE 1 Clinical characteristics and complete treatment process of the three patients.

10.3389/fonc.2024.1477697

Casel Case2 Case3
Age/Sex 36/Female 39/female 48/Male
Height/Weight 157cm/46kg 157cm/42kg 170cm/56kg
morphologically defined MDS-LB MDS-IB1 MDS-h
Cytogenetics 46,XX 45~46,XX,-4,-5,add(5)(q22),del(6)(p21),add(7)(q11),? = 46,XY,+1,der(1:16)(q10:p10)[12]/46,
del(16)(q12),add(19)(p13),add(10)(p13),+marl, XY[8]
+mar2,Idmin[cp16]/46,XX[4]
Molecular biology ASXL1, BCOR, CEBPA, CRS3R, DNMT3A, SH2B3, TP53 ASXL1, CSF3R, E2AF1, TP53
IDH2, STAG2, TET2
Leukemic Transformation MDS MDS-to-AML MDS-to-AML
MF grading ME-2 ME-2 ME-1

Previous treatment

Spleen size

SVD treatment

Pre-transplant spleen size

Pre-transplant response”

Donor

Pre-transplantation regimen

azacytidine, ruxolitinib

19.6cm length, 4.7cm thickness, 9.5cm
below costal margin

1 cycle

14.5cm length, 4.2cm thickness, 2.5cm
below costal margin

CRh
HLA 6/10-matched brother

fludarabine 30mg/m* -7~-2 days,
busulfan 130mg/mZ -7~-6 days,
melphalan 100mg/m? -5 day

azacytidine, decitabine,
venetoclax

20.2cm length, 7.1cm thickness, 8.5cm below
costal margin

2 cycles

14.6cm length, 4.8cm thickness, 2.3cm below
costal margin

NA®
HLA fully-matched brother

fludarabine 30mg/m* -7~-2 days, busulfan 130mg/
m? -7~-6 days, melphalan 100mg/m2 -4 day,
thiotepa 5mg/kg -5 day

azacytidine, decitabine

17cm length, 4.9cm thickness, 5cm
below costal margin

1 cycle

15.2cm length, 4.0cm thickness, 2cm
below costal margin

CRi
HLA fully-matched brother

fludarabine 30mg/m* -7~-2 days,
busulfan 13Omg/mZ -7~-6 days,
melphalan 100mg/m? -5 day

GVHD prevention

Neutrophil engraftment
platelet engraftment

Maintenance therapy

Survival status
after transplantation

PTCY +3d, +4d 25mg/kg/d
ATG +5d 25mg/kg/d
Cyclosporine

13d
14d

decitabine 10mg for 3 days every
4 weeks

REFS for 9 months

PTCY +3d, +4d 25mg/kg/d
Cyclosporine

14d
19d

decitabine 10mg for 3 days every 4 weeks

died 4 months after transplantation

PTCY +3d, +4d 25mg/kg/d
Cyclosporine

15d

17d

decitabine 10mg for 3 days every
4 weeks

REFS for 7 months

MDS, myelodysplastic syndrome; AML, acute myeloid leukemia; MF, myelofibrosis; SVD, selinexor, venetoclax, decitabine; HLA, human leukocyte antigen; GVHD, graft versus host disease;
PTCY, post-transplant cyclophosphamide; ATG, Anti-human T lymphocyte porcine immunoglobulin; RFS, recurrence-free survival.

“Response criteria according to the 2022 editions of the European LeukemiaNet.
SThe aplastic state does not meet the assessment criteria.

hematological toxicity. Self-improvement was achieved without
special treatment. The patient then completed allogeneic HSCT.
The complete treatment process is shown in Table 1. After one cycle
of decitabine maintenance therapy, the patient unfortunately passed
away due to relapse.

Patient 3

A 48-year-old male was diagnosed with MDS in April 2020 with
pancytopenia. Bone marrow aspiration revealed megakaryocyte
pathological hematopoiesis. Flow cytometry showed the
immunophenotype with 3% myeloid blasts. Chromosomal
analysis revealed a normal karyotype. After the diagnosis of MDS,
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the patient was initiated on azacitidine treatment and was evaluated
several times, during which the disease was stable. However, the
patient’s disease progressed in February 2024. Bone marrow
examination revealed hypercellular marrow with 36% myeloid
blasts. Flow cytometry analysis revealed the immunophenotype of
myeloid blasts. Cytogenetics analysis revealed a karyotype of 46,XY,
+1,der(1:16)(q10:p10)[12]/46,XY[8], and a molecular panel
identified aberrations in ASXLI, CSF3R, E2AFI, and TP53. Fusion
genes were all negative. Ultrasonography revealed splenomegaly of
17.0 cm long and 4.9 cm thick. As bone marrow blast counts
increased to >20%, AML transformed by MDS was diagnosed.
Decitabine combined with venetoclax and selinexor [decitabine
once daily (10 mg, days 1-5), venetoclax once daily (100 mg, days
1-21), and selinexor three times per week (20 mg, days 2, 4, 6,9, 11,
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13, 16, 18, 20)] was then administered. CR was achieved after one
cycle of therapy, and the bone marrow blast counts were decreased
from 36% to 0%. The spleen was also significantly reduced in size to
15.2 cm long and 4.0 cm thick. The AEs occurring during treatment
were mainly grade 1-2 nausea and hematological toxicity. Self-
improvement was achieved without special treatment. The patient
then completed allogeneic HSCT. The complete treatment process
is shown in Table 1. The patient is currently receiving maintenance
treatment with decitabine, and is experiencing CR. Minimal residual
disease is negative based on flow cytometry. As of November 2024,
the patient had a recurrence-free survival of 7 months.

Discussion

How to overcome the poor prognosis of patients with MDS
resistant to HMAs is a challenge for clinicians. Prebet et al. (3)
compared the prognosis of patients undergoing different
treatments after the failure of azacitidine therapy, and found
the following (from best to worst): allogeneic HSCT,
experimental therapy, traditional chemotherapy, and supportive
therapy. Rigosertib targets the Ras binding regions of different
kinases such as RAF and PI3K, thereby inhibiting related
pathways and stopping cell division and promoting apoptosis
of tumor cells. In phase III clinical trials, MDS patients with
HMA treatment failure had a median survival of 8.2 months
following Rigosertib treatment, which was not significantly
different than 5.9 months for the controls (5). Histone
deacetylase inhibitors inhibit DNA transcription by removing
the acetyl group of lysine from histones. Histone deacetylase
inhibitors have been used in multiple clinical trials in MDS
patients who have failed on HMAs, but it is ineffective, with a
low response rate. Moreover, combination therapies with HMAs
may increase the incidence of adverse effects (16). In MDS
patients refractory to HMAs, the conventional AML
chemotherapy regimen has an effective response rate of 14% to
30% (17). New chemotherapy regimens may be more efficient,
such as the clofarabine plus cytarabine regimen, which was 44%
effective in 70 MDS patients with HMA treatment failure. Those
patients also had an overall median survival of 10 months, and a
median survival of 22 months. Multivariate analysis suggests that
a complex karyotype is less likely to be effective for this treatment
(18). Given the unsatisfactory clinical trial results above,
additional exploration is needed to identify an effective and safe
treatment option.

Selinexor is an XPOI inhibitor. XPOLI is a major nuclear export
protein that transports a variety of proteins and some nuclear RNA
out of the nucleus through the nuclear pore complex embedded in
the nuclear membrane. XPO1 can thus regulate cell proliferation
and apoptosis through the nucleocytoplasmic transport
mechanism. In hematological malignancies, XPO-1 is often
overexpressed. Malignant tumor cells that overexpress XPO-1
transport tumor suppressor proteins, such as p53, cell cycle
proteins, and oncoproteins to the cytoplasm. Tumor suppressor
cells are unable to recognize and kill tumor cells, and immune
response regulatory proteins and oncoproteins also become
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abnormal, further leading to abnormal regulation of cell growth
and apoptosis, or abnormal cell cycle (19). In addition, XPO
overexpression is associated with multiple tumor resistance to
anthracyclines, tyrosine kinase inhibitors, and platinum
compounds, among others (19).

NF-xB is a transcription factor that is involved in the
production of inflammatory factors and regulates cell apoptosis,
proliferation, and differentiation. NF-xB is activated in the stem
cells of MDS patients, leading to impaired function of
hematopoietic stem and progenitor cells, which is associated with
increased ferritin levels, increased proportion of primitive cells,
increased IL-8 levels, and inflammatory microenvironments (20).
TP53 is a common non-driver mutation in MDS patients and an
important indicator of poor prognosis. TP53 mutation will lead to
an overexpression of p53 protein and affect the progression of
disease (21). P53 regulates the expression of downstream target
genes and is involved in multiple cellular processes. Abnormalities
in p53 function are associated with increased disease risk, rapid
conversion to acute myeloid leukemia, and drug resistance in MDS
patients (22-24). One of the main reasons that p53 performs its
normal function is because of its intracellular localization. P53
mainly plays a tumor suppressor function in the nucleus, and is
inactivated when translocated to the cytoplasm. Cancer cells use the
nuclear cytoplasm through the transport of nuclear pore complexes
to stimulate tumor growth while promoting tumor immune escape.
In this regard, targeted nuclear export inhibition becomes a
potential target for therapeutic intervention in cancer (25, 26). In
normal cells, p53 is strictly regulated, which monitors DNA damage
repair in the nucleus, and can also trigger cell cycle arrest or induce
apoptotic effects by promoting the transcription of p21. However,
XPO1-mediated excessive export of p53 to the cytoplasm is
observed in many tumor cells, leading to its loss of function.
Selinexor can highly selectively act on XPOI targets, modify the
abnormal localization of p53 proteins inside and outside the
nucleus, promote the nuclear aggregation of p53, p21 and p73,
and exert antitumor effects. At the same time, selinexor can also
upregulate the level of p53 downstream signal BAX, PUMA, thus
promoting apoptosis (27-29). Preclinical studies have shown that
inhibition of XPO-1 can lead to p53 nuclear accumulation and
blockade of the NF-xB signaling pathway, both of which are
therapeutic targets in MDS (30, 31).

In an investigator-initiated, single-institution, single-arm phase
IT study, the investigators included a total of 25 patients with
refractory MDS and oligoblastic AML who did not respond to
HMA therapy. Over the course of the study, six patients achieved
marrow complete response, 12 patients were stable, and the median
overall survival of all patients was 8.5 months, with a 1-year survival
rate of 28% (12). Additionally, Eltanexor is a second-generation
selective inhibitor of nuclear export, which has lower blood-brain
barrier penetration and a wider therapeutic window than selinexor.
In high-risk myelodysplastic syndromes, eltanexor induced a total
disease control rate of 53.3% (32). Thus, XPO-1 inhibitors confer
clinical benefit in high-risk MDS patients who do not respond to
HMA therapy.

Evidence is emerging on the synergistic effects of selinexor in
patients with hematological malignancies. In vitro investigations of
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AML cell lines and primary blasts demonstrated that the
effectiveness of decitabine was substantially enhanced when
combined with selinexor (14). Venetoclax is an oral BCL-2
inhibitor that has been used in combination with HMA for the
treatment of MDS, and has exhibited high overall response rates
and prolonged survival. However, primary and acquired resistance
to venetoclax-based regimens remains a major concern (33, 34). As
venetoclax resistance may be related to increased MCL-1
expression, selinexor, or its newer derivative—which reduces MCL-
1 through the inhibition of its mRNA transport into the cytoplasm—
may be rational drugs to combine with venetoclax (35). Selinexor has
been verified to synergize with venetoclax to induce apoptosis in
AML cells through the down-regulation of MCL-1 (35). Selinexor
and eltanexor have also been shown to synergize with the BCL-2
inhibitor venetoclax in double hit lymphoma cell lines and patient-
derived xenografts harboring MYC and BCL-2 alterations (36).

For the three MDS patients resistant to HMAs, the decitabine
combined with venetoclax and selinexor regimen achieved rapid
remission. During the course of treatment, we were surprised to
find that the effect of spleen shrinkage was significant, which achieved
the transplantation conditions and bridged the allogeneic
hematopoietic stem cell transplantation. Patient 3 in this report did
not respond well to the addition of venetoclax plus azacitidine at the
time of disease progression, but CR was achieved after continued
treatment with selinexor. To some extent, those findings
demonstrated the synergistic effect of selinexor with HMAs and
BCL-2 inhibitors. Secondary acute myeloid leukemia (sAML)
occurs more frequently in elderly patients, and is associated with
adverse cytogenetics and a multidrug resistance phenotype, which
leads to poor prognosis. As a result, AML patients with a prior history
of MDS experience lower CR rates (37). Two patients were converted
to sSAML, and rapid CR was achieved after the application of
decitabine combined with venetoclax and selinexor regimen, thus,
indicating that this treatment regimen has potential application for
sAML and can overcome the poor prognosis of SAML.

Conclusion

This study suggests that the combination of Selinexor, venetoclax,
and decitabine is a viable option for patients with refractory MDS
who were previously exposed to HMA. Selinexor is a promising
therapeutic agent for the management of MDS and may offer
encouraging results in combination with other drugs, such as
venetoclax and HMA. Combination therapy offers a potential way
for patients to bridge to transplantation. Investigating this
combination regimen in refractory MDS patients may be
meaningful in future planned trials. As this is a retrospective study
based on three cases that lacked control groups and randomization,
the findings have limited generalizability. In the future, multicenter
randomized controlled trials will be required to verify the efficacy of
combination therapies and clarify the impact of patient subgroup
characteristics on treatment.
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