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Introduction
Soft tissue sarcoma (STS) encompasses a hetero-
geneous group of tumors arising from mesenchy-
mal structures. Liposarcoma (LPS) is one type of 
this rare group of tumors that originate from adi-
pocytes and is reported to be about 15%–20% of 
all STS and the age-adjusted incidence rates are 
1.08 and 1.01 per 100,000 person-years in 2001 
to 2016 from the SEER and CNPCR database.1,2 
Three main biologic subtypes of LPS include 
well-differentiated/dedifferentiated, myxoid/
round cell, and pleomorphic. There is heteroge-
neity within the group of LPS with regards to 
prognosis, molecular pathogenesis, and response 
to treatment.

Well-differentiated (WDLPS) is considered low 
grade and has the best prognosis, pleomorphic lipo-
sarcoma (PLS) the worst, and myxoid/round-cell 
liposarcoma (MRCLS) has an intermediate 

prognosis. MRCLS accounts for about 30%–40% 
of LPS and around 53% of cases have a round cell 
component.3 Presence of more than 5% round cell 
transformation denotes poorer prognosis with a 
higher rate of metastasis and a drop in the overall 
survival at 5 years from 90% to just 50%.2 MRCLS 
is characterized by a chromosomal translocation 
and in 95% of cases this results in the FUS-CHOP 
gene fusion that serves as a transcription activator. 
PLS is a high-grade tumor with a reported recur-
rence rate and systemic relapse rate of 59% and 
25%, respectively.4 This rare type of LPS that 
accounts for only 10% of all LPS, has no pathogno-
monic molecular aberration, but frequently has 
p53 mutations.4,5

WDLPS and dedifferentiated liposarcoma 
(DDLPS) are most common types, which share 
common genetic alteration in chromosome 
12q13-15 amplification resulting in amplification 
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of oncogenes including MDM2 (Mouse double 
minute 2), CDK4 (cyclin-dependent kinase 4), 
and HMGA2 (High mobility group protein 
AT-hook 2).6,7 Despite sharing the same molecu-
lar alteration, DDLPS has a higher recurrence 
rate, metastatic potential, and higher overall mor-
tality rate documented as high as 50%–70%. 
WDLPS mostly occurs in extremities (75%), 
where they are often called atypical lipomatous 
tumor (ALT), and around 25% arise in the retro-
peritoneum, on the other hand, majority of 
DDLPS (around 75%) arise in the retroperito-
neum.5 DDLPS will often have a well-differenti-
ated component, and although DDLPS is more 
commonly found de novo, 10%–20% of WDLPS 
eventually recur as or progress to DDLPS.8–10

Treatment of LPS depends on location, stage, 
and size, which together determine resectability, 
and also the subtype, which determines sensitivity 
to systemic therapy. Surgery remains the main 
treatment for localized LPS, while systemic treat-
ment is used selectively in the adjuvant/neoadju-
vant setting for high grade LPS that are over 5 cm. 
Systemic therapy is the mainstay for metastatic 
disease. Current standard systemic therapies 
include doxorubicin-based regimens as front-line 
therapy, with gemcitabine-docetaxel, trabectedin, 
and eribulin used in later lines. The different LPS 
have variable sensitivity to these chemotherapies; 
MRCLS being the most sensitive to doxorubicin-
based regimens and trabectedin, while pleomor-
phic liposarcoma has a longer overall survival 
(OS) benefit with eribulin.11–13 WDLPS/DDLPS 
remain a challenge given their higher prevalence 
and lower response rate with standard chemo-
therapy options. Purely well-differentiated tumors 
have no documented benefit from the current sys-
temic options and their remains a paucity of active 
agents for DDLS. The availability of novel agents 
targeting the MDM2-p53 oncogenic axis have led 
to newer agents been investigated in this space. 
Selinexor, a selective inhibitor of XPO1 was 
recently evaluated in a phase 3 trial: the first pro-
spective randomized trial in DDLPS. Here we 
will review available data in context of other 
agents in DDLPS and determine how this agent 
with a marginal, but statistically significant 
improvement in PFS, might fit in.

Currently available systemic therapies
Table 1 summarizes systemic therapies that have 
been used in WDLPS/DDLPS.

Traditional chemotherapy
As for most STSs, first-line systemic therapy for 
DDLPS is doxorubicin-based chemotherapy. A 
large phase 3 randomized controlled trial: 
EORTC 62012 compared single agent doxoru-
bicin versus combination of doxorubicin and ifos-
famide in first line locally advanced, unresectable 
or metastatic STS.24 This combination regimen 
demonstrated improved overall response rate 
(ORR) and PFS but not overall survival (OS). 
The median OS was 12.8 and 14.3 months for 
single doxorubicin and the combination (HR 
0.83, 95% CI: 0.67–1.03), respectively. The 
combination regimen had more side effects and 
lead to dose reduction in 32% and discontinua-
tion in 18%.24 In the study, LPS comprised 11% 
of STS in the doxorubicin arm and 14% in the 
combination arm, though further subtype specific 
efficacy was not reported. Efficacy data regarding 
DDLPS specifically has been evaluated in retro-
spective studies. A multi-institutional study from 
Europe with 208 WDLPS/DDLPS patients, 
reported first line systemic therapy response rate 
of 12%, median PFS of 4.6 months, and median 
OS of 15.2 months.14 Most of the cases (82%) 
had DDLPS, 82% (171 of 208 patients) received 
anthracycline-containing regimens, and 41% 
received combination therapy. This study 
reported a higher ORR with an anthracycline-
containing regimen compared to non-anthracy-
cline (15% vs 0%) and combination chemotherapy 
compared to single (18% vs 7.5%). Data from the 
study also reported no difference in ORR between 
WDLPS and DDLPS (13% and 12%) though 
WDLPS numbers were small, and it was not clear 
if the WDLPS diagnosis was at baseline or before 
the start of chemotherapy. Other studies have 
reported lack of response in WDLPS with chem-
otherapy, compared to DDLPS.25 A report from 
a single institute experience containing 82 evalu-
able patients, revealed an ORR to front-line ther-
apy of 21% in DDLPS, with a higher ORR with 
doxorubicin combinations (30.2% with doxoru-
bicin/ifosfamide and 25% with doxorubicin/dac-
arbazine) compared to single agent doxorubicin 
(0%).15 This study excluded patients with exclu-
sively WDLPS histology. Patients in the recur-
rent/metastatic setting had a median PFS of 
4 months (95% CI: 3–7 months) and median OS 
from initiation of chemotherapy of 25 months 
(95% CI: 18–31 months).15

Traditionally, gemcitabine combined with doc-
etaxel is used in the second line, based again on 
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studies in STS. SARC 002 was a phase 2 trial 
comparing outcomes between single agent gem-
citabine and gemcitabine-docetaxel in metastatic 
STS.16 Combination gemcitabine-docetaxel had 
a superior ORR (16% vs 8%), median PFS 
(6.2 months vs 3 months), and median OS 
(17.9 months vs 11.5 months), compared to gem-
citabine. LPS patients made up 24.5% of the 
gemcitabine arm and 11% of the gemcitabine-
docetaxel arm. Of the WDLPS/DDLPS patients 
none were noted to have a response in either arm, 
while 4 out of the 5 evaluable patients had stable 
disease (SD) in the combination arm.16,26 Another 
clinical study of gemcitabine-docetaxel was 

GeDDis trial comparing it with single-agent dox-
orubicin in the front-line treatment of STS.27 The 
results revealed no significant difference in PFS 
and OS, with the toxicity profile favoring single 
agent doxorubicin. This study included 8 (6.2%) 
WDLPS/DDLPS patients in the doxorubicin arm 
and 5 (3.9%) in the gemcitabine-docetaxel 
arm.26,27

In later lines of treatment in DDLPS, trabectedin 
or eribulin are often used as they are FDA 
approved for the treatment of LPS based on sur-
vival benefit over dacarbazine. A phase 3 rand-
omized multicenter clinical trial of trabectedin 

Table 1. A summary of treatment choices and outcomes in unresectable or metastatic dedifferentiated liposarcoma.

Systemic treatment Population (N) ORR (%) mPFS (months) mOS (months) Refs.

Doxorubicin 
combination

DDLPS (85,72) 18–24 4–4.6 – Italiano et al.14 and 
Livingston et al.15

Gemcitabine/
docetaxel

LPS (8) 25 – – Maki et al.16

WDLPS/DDLPS (66, 
23)

9.5–17 – 18.79 Livingston et al.15 and 
Thirasastr et al.17

Eribulin L-type sarcoma 
(228)

4
(DTIC 5)

2.6
(DTIC 2.6)

13.5*
(DTIC 11.5)

Schoffski et al.18

LPS (71) 1.4
(DTIC 0)

2.9*
(DTIC 1.7)

15.6*
(DTIC 8.4)

Demetri et al.11

DDLPS (31) 0 2.0
(DTIC 2.1)

18.0*
(DTIC 8.1)

Demetri et al.11

Trabectedin L-type sarcoma 
(345)

9.9
(DTIC 6.9)

4.2*
(DTIC 1.5)

13.7
(DTIC 13.1)

Demetri et al.19 and 
Patel et al.20

LPS (93) 9
(DTIC 6)

3.0*
(DTIC 1.5)

13.1
(DTIC 12.6)

Demetri et al.19 and 
Patel et al.20

DDLPS (45) – 2.2
(DTIC 1.9)

– Demetri et al.19

Selinexor DDLPS (188) 2.7
(placebo 0)

2.83*
(placebo 2.1)

9.99
(placebo 9.1**)

Gounder et al.21

Pazopanib LPS (41) 2.4 4.4 12.6 Samuels et al.22

DDLPS (27) – 6.24 – Samuels et al.22

Palbociclib WDLPS/DDLPS (60) 1.7 4.5*** – Assi et al.23

Abemaciclib DDLPS (30) 3.3 7.6*** – Assi et al.23

DDLPS, dedifferentiated liposarcoma; DTIC, dacarbazine; mOS, median OS from chemotherapy initiation; mPFS, median PFS; ORR, overall 
response rate; WDLPS, Well-differentiated liposarcoma.
*Statistically significant different as compared to control group of the study.
**Median overall survival for patients who did not cross over to selinexor.
***Estimate from the results in weeks; PFS per report were 17.9 weeks and 30.4 weeks for palbociclib and abemaciclib, respectively.
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compared to dacarbazine in metastatic LPS or 
leiomyosarcoma showed a superior PFS (HR 
0.55, p < 0.001) but no difference in OS.19 This 
trial comprised of 27% (140/518 patients) LPS 
patients in both arms that included MRCLS, 
PLS as well as DDLPS. In a preplanned sub-
group analysis for LPS, median PFS in trabect-
edin arm was 3.0 months, significantly improved 
from 1.5 months in dacarbazine arm (HR 0.55, 
95% CI: 0.34–0.87, p = 0.009). In DDLPS sub-
group, median PFS was 2.2 months in trabect-
edin (vs 1.9 months in dacarbazine arms, HR: 
0.68, 95% CI: 0.37–1.25) while median PFS for 
MRCLS and PLS was 5.6 months (vs 1.5 months 
in dacarbazine) and 1.5 months (vs 1.4 months in 
dacarbazine), respectively.

In a similar phase 3 trial, eribulin demonstrated 
modest activity in L-type sarcomas (LPS and lei-
omyosarcoma) with significantly increased OS 
but not PFS compared to dacarbazine.18 Of the 
452 patients, 143 had LPS and subgroup analysis 
in LPS demonstrated a statistically significant 
benefit in PFS and OS with eribulin. OS in this 
subgroup increased from 8.4 months to 
15.6 months (HR: 0.51; 95% CI: 0.35–0.75; 
p = 0.001) and PFS increased from 1.7 months 
to 2.9 months (HR 0.52; 95% CI: 0.35–0.78; 
p = 0.0015) in the dacarbazine vs eribulin arms, 
respectively. While adverse events were similar 
between arms. Only one patient with PLS had a 
partial response (PR) to eribulin and the PFS was 
4.4 months (vs 1.4 months in dacarbazine) for 
PLS, 2.0 months (vs 2.1 months in dacarbazine) 
in DDLPS, and 2.8 months (vs 1.4 months in 
dacarbazine) in MRCLS.11

Targeted therapy
There are currently no approved targeted thera-
pies in LPS. Off label use of pazopanib and 
CDK4 inhibitors like palbociclib and abemaciclib 
are occasionally used, supported based on availa-
ble published studies.

Pazopanib is an oral multitargeted tyrosine kinase 
inhibitor (TKI) against VEGFR (Vascular 
Endothelial Growth Factor Receptor) and 
PDGFR (Platelet Derived Growth Factor 
Receptor) that is currently FDA approved for 
non-adipocytic STS. The approval was based on 
a significant PFS advantage compared to placebo 
in a multi-center phase 3 ‘PALETTE’ (PAzopanib 
expLorEd in sofT TissuE sarcoma) study in 
2012.28 LPS was excluded from this study due to 

failure to meet the prespecified efficacy cut-off in 
the preceding phase 2 EORTC (European 
Organization for Research and Treatment of 
Cancer) study 62043. However, central histo-
pathologic review later reclassified 2 patients 
increasing the progression-free rate (PFR) at 
12 weeks from 17.6% to 26% (5 of 19 patients) in 
LPS. This number would have met the criteria to 
continue recruiting patients in the cohort. 
Thereafter, a single arm phase 2 study was con-
ducted to further define the clinical benefit of 
pazopanib in LPS with PFR as the primary end-
point.22 The PFR at 12 weeks was 68.3% (95% 
CI: 51.9%–81.9%) with an ORR of 2.4% and 
clinical benefit rate (CBR) of 44%, which met the 
prespecified cut off for activity. Median PFS was 
4.4 months and median OS was 12.6 months 
(95% CI: 8.5%–16.2 months). LPS subtype data 
is not available. Based on the landmark study by 
the EORTC evaluating appropriate endpoints for 
STS for noncytotoxic drugs in clinical trials, a 
3-month PFR of ⩾ 40% suggests an active drug 
in second-line.29

MDM2 and CDK4 are overexpressed in almost 
all WDLPS and DDLPS. MDM2 is a negative 
control of p53 while CDK4 is involved in Rb 
phosphorylation and leads to G1-2 phase pro-
gression and cell proliferation. A phase 2 pro-
spective study of Palbociclib, a CDK4/6 inhibitor, 
in WDLPS/DDLPS led to complete response in 
1 patient out of a total of 57 evaluable patients, 
with a 12-week PFS of 57%, and a median PFS 
of 17.9 weeks.23,30 Abemaciclib, which is more 
selective for CDK4, has shown more promising 
results in a phase 2 study.23 Abemaciclib 200 mg 
twice daily demonstrated 1 PR out of a total of 
30 patients, 12-week PFS of 76%, and median 
PFS of 30.4 weeks. A larger randomized study 
with abemaciclib in DDLPS is underway 
(NCT04967521).

Immunotherapy
Role of immunotherapy in liposarcoma is still 
under investigation. A study in DDLPS cell lines 
had demonstrated PDL1 ⩾ 1% protein expres-
sion in 21.9%.31 The initial study of 
Pembrolizumab in the SARC028 study reported 
2 out of 10 LPS patients had response to the 
therapy, but after enrolling additional patients, 
the response was lower (10%).32 The role of 
checkpoint inhibitor combinations are currently 
being explored in LPS (NCT03899805, 
NCT03307616, NCT04668300).
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Selinexor
Selinexor is the first generation of selective inhibi-
tors of nuclear export (SINEs) and currently the 
first to receive approval from the FDA for cancer 
therapy. Selinexor reversibly and specifically 
inhibits XPO1, a nuclear exportin. Here we will 
review in detail the mechanism of action and 
available clinical data.

Selinexor mechanism of action
In human cells, transportation of molecules in 
and out of nucleus happens via the nuclear pore 
complex (NPC). Molecules larger than 40 kDa 
(kilodalton) including RNAs need energy-
dependent active transport mediated mainly by 
the karyopherin family of proteins.33 This family 
of protein consists of importins and exportins. 
XPO1, also known as chromosomal region main-
tenance 1 (CRM1) is the only exportin which can 
recognize a leucine-rich hydrophobic nuclear 
export signal (NES). After it recognizes its cargo 
proteins, XPO1 exports them through NPC by 
energy from a Ran energy gradient system (Figure 1). 
NES-containing proteins have been discovered 

for at least 220 proteins. Among these, several 
tumor suppressor proteins (TSPs) are included, 
for example, p53, p73, BRCA1/2, IκB, p21, p27, 
and FOXO transcription factors.33–35 In addition 
to tumor suppressor proteins, XPO1 is also 
required for the export of cap-binding protein 
eIF4e (eukaryotic translation initiation factor 4e).35 
This protein exports mRNAs of many oncopro-
teins from the nucleus for translation. These onco-
proteins include c-MYC, MDM2, and Cyclin D. 
Since the function of TSPs require their presence 
in the nucleus for cell cycle regulation and DNA 
damage recognition, overexpression and function 
of XPO1 can inactivate TSPs. Also, XPO1 over-
expression can lead to promotion of oncoprotein 
syntheses.

XPO1 inhibitors have been developed since the 
early 1980s. The first drug was leptomycin B, an 
antifungal agent extract from a strain of 
Streptomyces.36,37 However, further study was 
halted due to the off-target side-effects from the 
drug and a narrow therapeutic window. Currently 
XPO1 inhibitors being studied involve PKF050-
638, CBS9106 and SINEs. Among SINEs, 

Figure 1. Physiologic function of XPO1.
(1) 3D-conformation of XPO1 is altered by RanGTP. The gradient of a RanGTP-RanGDP across the nuclear membrane is maintained by Ran regulators 
(RanGAP) in the cytoplasm and regulator of chromosome condensation 1 (RCC1) in the nucleus. RCC1 converts RanGDP to RanGTP leading to 
higher concentration of RanGTP in the nucleus. After binding to RanGTP, NES-binding groove of XPO1 changes to an open conformation letting NES 
containing cargo proteins bind.
(2) The ternary complex of RanGTP/XPO1/cargo protein transports through nuclear pore complex (NPC) and undergoes conformational change 
mediated by RanGAP and its co-stimulatory compound (RanBP1/2) leading to release of RanGTP which is afterward hydrolyzed into RanGDP.
(3) After losing RanGTP, XPO1 returns to its original conformation and prompts the release of cargo proteins into the cytoplasm.
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selinexor is the first that has an FDA-approved 
use in clinic. Selinexor covalently binds to Cys528 
in the NES-binding pocket on the convex outer 
surface with a slowly reversible effect allowing 
normal cell to survive and causing less side effects 
than leptomycin B. Binding to the NES-binding 
pocket prohibits cargo proteins to bind and sub-
sequently causes TSPs and oncoprotein mRNAs 
to be retained in the nucleus (Figure 2). 
Theoretically these effects are expected to cause 
apoptosis selective to a damaged genome, as in 
malignant cells.

Selinexor clinical data
Alteration of XPO1 functions were originally 
observed with higher expression in several hema-
tologic malignancies and almost all solid tumors, 
and recurrent XPO1 gene mutations were noted 
in primary mediastinal B-cell lymphoma (PMBL), 
Hodgkin’s lymphoma, and CLL.38

In a phase 1 study, selinexor demonstrated a 
response rate of 4.5% (7/157) in advanced solid 
malignancies unresponsive to available therapies 
or for which no standard therapy existed.35 Of the 
patients included, 31% had colorectal cancer, 
11% had HN-SCC, 11% had prostate cancer, 
8% had melanoma, 6% had pancreatic cancer, 
and 5% had sarcoma.

In phase 1 studies of acute myeloid leukemia 
(AML), treatment with single agent selinexor had 
a response rate of 14% (out of 81) in heavily pre-
treated patients, while combination therapy with 
high dose cytarabine and mitoxantrone in newly 
diagnosed or relapsed/refractory AML had 
achieved overall response rate as high as 70%.39,40 
Although patients achieved response with an 
encouraging PFS and OS in phase 1, a phase 2 
study, SOPRA (Selinexor in Older Patients with 
Relapsed/Refractory AML), failed to demonstrate 
significant improvement in OS compared to phy-
sician’s choice treatment.41 Selinexor in combina-
tion with other drugs showed higher ORRs of 
40%–-70% in many phase-1 studies, the highest 
seen in combination with high-dose cytarabine 
and mitoxantrone.42–44 Further studies are ongo-
ing in AML.

Selinexor has been approved by the FDA for 
treatment of multiple myeloma (MM) in 2 set-
tings based on the results of the BOSTON trial 
and the STORM trial (Table 2). In the phase 3 
BOSTON trial, the triplet combination 
(Selinexor, bortezomib, dexamethasone) revealed 
a statistically improved progression free survival 
(PFS) from 9.46 months to 13.93 months (95% 
CI: 0.53–0.93, p = 0.0075) compared to standard 
therapy with bortezomib and dexamethasone.45 
The STORM (Selinexor Treatment of Refractory 

Figure 2. Mechanism of action of selinexor/SINE.
Selinexor reversibly and specifically interact with Cys528 in NES binding groove (or cargo binding groove) of XPO1 inhibiting 
the XPO1 to carry cargo proteins including tumor suppressor proteins (TSPs) and oncoprotein mRNAs. Hence, these proteins 
cannot be transported through the nuclear pore complex into cytoplasm. This leads to accumulation of TSPs in nucleus and 
restoration of their function in the malignant cell.
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Myeloma) trial, a phase 2b study, also showed 
benefit of selinexor in triple- class refractory mye-
loma where no available treatments have proven 
benefit, defined as disease refractory to proteas-
ome inhibitors, immunomodulatory agents, and 
monoclonal antibodies.46 Of a total of 122 
patients, 32 patients (26%) had response to the 
selinexor with a median duration of response of 
4.4 months (95% CI: 3.7–10.8). As a result of 
these trials, selinexor has been approved for use in 
these two settings (Table 2).

Diffuse large B-cell lymphoma (DLBCL) has 
been shown to have overexpression of XPO1 and 
this is related to a poor prognosis. Also, in most 
B-cell lymphomas eIF4e is overexpressed as 
well.48 This protein carries mRNAs of oncopro-
teins for nuclear export via XPO1 to the cyto-
plasm for translation. In preclinical models SINE 
demonstrated XPO1 accumulation in the nucleus 
and apoptosis of lymphoma cells independent of 
p53.47,48 Single agent selinexor had a response 
rate of 28% with 12% complete response in 
DLBCL patients in the phase 2b SADAL trial 
(Table 2).47 Median OS for patients with response 
was not reached (29.7-NE) while median OS was 
4.3 months (3.0–5.4) in patients who had pro-
gressive disease or were not evaluable for response. 
This data led to the approval in refractory 
DLBCL.

Selinexor as a treatment of liposarcoma

Preclinical data
In vitro and in vivo preclinical models of sarcoma 
indicated the effects of selinexor in decreasing cell 
proliferation and inducing cell cycle arrest and 
apoptosis. A study confirmed that selinexor inhib-
ited XPO1 at protein level and the reduction in 
XPO1 protein in LPS cells led to inhibition of cell 
proliferation via cell cycle arrest (increase in G1 
phase while decrease in S and G2M phase) and 
apoptosis.36 Studies in LPS cell lines with MDM2 
amplification showed selinexor increased p53 and 
p21 expression at protein level without effect to 
p53, MDM2, and CDKN1A mRNA levels and 
induced G1 arrest and tumor cell apoptosis inde-
pendent of p53 and RB status.49 In the latest 
study in DDLPS PDX models, selinexor showed 
a moderate antitumor activity in induction of 
apoptosis consistently higher than doxorubicin. 
The treatment response of both drugs was not 
influenced by the level of MDM2 and CDK4 
gene amplification.50

Clinical data
Although the exact mechanism of action of 
selinexor toward LPS was yet to be clarified, early 
phase clinical studies suggested selinexor activity 
in DDLPS. In a phase 1B clinical study of 

Table 2. Current FDA approved indications for selinexor.

Malignancies Approved 
regimen

Patient setting Dose Evidence Ref.

Relapsed or refractory 
multiple myeloma (RRMM)

Selinexor, 
bortezomib, 
dexamethasone

At least one prior therapy 100 mg oral 
once weekly

BOSTON Trial 
(NCT03110562)

Grosicki et al.45

Selinexor 
dexamethasone

- At least four prior 
therapies, and
- Refractory to at 
least two proteasome 
inhibitors, at least two 
immunomodulatory 
agents, and an anti-CD38 
monoclonal antibody.

80 mg oral day 1 
and 3 weekly

Part 2 of 
STORM trial 
(NCT02336815)

Chari et al.46

Relapsed or refractory 
diffuse large B-cell 
lymphoma (DLBCL), 
not otherwise specified, 
including DLBCL arising 
from follicular lymphoma

Selinexor At least 2 lines of systemic 
therapy

60 mg orally on 
day 1 and 3 of 
each week

SADAL trial 
(NCT02227251)

Kalakonda 
et al.47
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selinexor in sarcoma with a total of 52 patients, 
33% experienced SD for 4 months or longer.51 
However, more patients in DDLPS demonstrated 
reduction in target lesion than other subtypes of 
sarcoma. Of the 15 DDLPS patients, 40% had 
reduction in target lesions and 47% had SD for 
4 months or longer. This study also evaluated 
growth modulation index (GMI) which is the 
ratio of time to tumor progression (TTP) on 
selinexor versus TTP with immediate prior ther-
apy. According to previous studies, a GMI ⩾ 1.33 
correlates with drug activity and associated with 
OS improvement in advanced STS.51–53 Of note, 
in this phase 1B study, 54% from total of 13 eval-
uable DDLPS patients had GMI ⩾ 1.33 whereas 
39% of the 41 evaluable total STS patients had 
GMI ⩾ 1.33.51

These promising data in DDLPS led to the phase 
2/3 randomized double blind, placebo controlled 
cross-over study (SEAL).54 The SEAL study eval-
uated efficacy of single agent selinexor in advanced 
unresectable DDLPS with progressive disease 
after 1 or more prior systemic therapies. The 
phase 2 part used PFS by WHO criteria as the 
primary end point and by RECIST version 1.1 as 
pre-specified analyses. The results of the first 56 
patients were presented in 2018, where the median 
WHO-PFS of selinexor and placebo revealed no 
difference (1.4 month in both arms, HR: 0.92; 
95% CI: 0.52–1.63) while the median PFS by 
RECIST version 1.1 was 5.6 and 1.8 months 
(HR = 0.64; 95% CI: 0.31–1.32, p = 0.21) 
respectively. The improvement trend in PFS by 
RECIST criteria supported continuation to phase 
3. A comparison analyses between WHO and 
RECIST 1.1 criteria revealed WHO response cri-
teria lead to premature determination of asympto-
matic progression events involving small lesions 
while overall tumor burden was stable.

In the SEAL phase 3 study, 285 patients who 
received 2-5 lines of prior therapy with radiologic 
progression noted within the prior 6 months were 
randomized to selinexor or placebo in a 2:1 allo-
cation.21 The primary endpoint was PFS and sec-
ondary endpoints were TTP, ORR, duration of 
treatment (DOT), and time to next treatment 
(TTNT). Progression of disease was based on 
independent radiology review using RECIST 1.1 
criteria based on the recommendation from phase 
2. Results were presented at the Connective 
Tissue Oncology Society (CTOS) 2020 annual 
meeting based on 209 PFS events. The inde-
pendent radiology review determined PFS in the 

selinexor arm (2.83 months) was improved com-
pared to placebo (2.07 months), and this result 
was statistically significant with a hazard ratio of 
0.70 (95% CI: 0.52–0.95) and a two-sided 
p-value of 0.0228. The 6 and 12 months PFS 
rates were 23.9% and 8.4% in selinexor versus 
13.9% and 2% in the placebo arm. The median 
OS was not statistically significantly different by 
intention to treat analysis (ITT), being 9.99 and 
12.91 months (HR 1.0039, 2-sided p-value 
0.9836) in selinexor and placebo arms, respec-
tively, with crossover rate from placebo to 
selinexor documented at 58%. The ORR was 
2.7% for selinexor and 0% for placebo. Further 
analysis showed patients with ⩾ 15% disease bur-
den reduction was 7.5% noted in selinexor and 
0% in placebo arm.

Although the main clinical outcomes publication 
of the SEAL trial including the correlatives are 
awaited, the secondary end point of HRQoL out-
comes measured by EORTC QLQ-C30 have been 
published recently.55 Quality-of-life assessments 
including physical functioning, role functioning, 
pain, and global health/QoL were performed as per 
protocol. The patients in selinexor group had 
reported lower pain rated and slower worsening of 
pain compared to placebo group with the mean 
difference in pain score were -12.18 and -14.24 at 
day 127 and 169, respectively (p = 0.032 and 
p = 0.031), while other domains did not signifi-
cantly differ between the 2 groups.

Dosing and side effects
In the phase 1B study of selinexor in advanced solid 
tumors, the safety, maximum-tolerated dose 
(MTD) and recommended phase 2 dose (RP2D) 
of selinexor were evaluated.36 The dose-limiting 
toxicities (DLT) included grade 3 fatigue, nausea 
and vomiting, hyponatremia, acute cerebellar syn-
drome, and anorexia. The study established the 
RP2D of selinexor as 35 mg/m2 twice a week or 
60 mg fixed dose. At this dose the efficacy was com-
parable to higher doses with better tolerability.

In SEAL phase 2/3 clinical study, selinexor 60 mg 
fixed dose regimen was given twice weekly in 42 
day-cycles until progression of disease or intoler-
ability.54 Most patients got early intervention and 
prophylaxis for nausea and anorexia as part of the 
protocol treatment. The result from the phase 2 
part which was unblinded for 51 patients, 24 on 
selinexor and 37 on placebo, reported common 
grade 1/2 adverse events (selinexor vs placebo) of 
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nausea (85% vs 31%), anorexia (62% vs 14%), 
and fatigue (58% vs 31%) and grade 3/4 adverse 
events of hyponatremia (15% vs 0%), anemia 
(15% vs 7%), and thrombocytopenia (12% vs 
0%). Overall toxicities were reported as manage-
able with treatment discontinuation due to toxic-
ity 10.2%.21 The full side effect profile from this 
study is yet to be published.

We have summarized available treatment-related 
adverse events of single agent selinexor at the cur-
rently recommended dose from available clinical 
trials and presented them in Table 3. The limited 
data set of side effects from the DDLPS study 
matches the prior data from the refractory sarcoma 
phase 1B trial. Majority of treatment-related 
adverse events (TRAE) presented in advanced sar-
coma were grade 1 and 2 which were nausea, con-
titutional symptoms, and hyponatremia (Table 3). 
While the phase 2B study in DLBCL reported 
more grade 3-4 neutropenia and thrombocytopenia 
but less fatigue and weight loss. Acute cerebellar 
syndrome with associated ataxia and dysarthria, 
one of the dose-limiting toxicities seen in a phase 1 
study in advanced solid tumor at 85 mg/m2 dose 
(grade 4 but reversible over 6 weeks) was not seen 
at the 60 mg twice a week dose.

In conclusion, TRAE of selinexor 60 mg twice 
weekly on day 1 and 3 has proved to be managea-
ble, with supportive care and early intervention for 
nausea and anorexia being key in improving toler-
ability and allowing patients to remain on study.36

Selinexor: biomarker data
A variety of biomarkers have been studied in 
selinexor studies so far, including XPO1 mRNA, 
p53 mutational status, MDM2, and CDK4 
amplification level. Increased XPO1 mRNA in 
peripheral blood mononuclear cell (PBMC) after 
administration of selinexor has been shown to 
associate with appropriate drug engagement and 
activity toward target protein, XPO1.39 However, 
a small phase II study of selinexor in triple-nega-
tive breast cancer did not find any correlation of 
the mRNA induction with patients who derived 
clinical benefit.56 Data from phase I dose escala-
tion study of selinexor in solid cancer demon-
strated RAS and AKT pathway activation in 
colon cancer had a higher percentage of DCR 
of > 3 months compared to the no RAS/PI3 
K-AKT mutation group in the 18 patients evalu-
ated.57 These have yet to be validated in a larger 
population study.

In DDLPS, only a subset of patients derived ben-
efit from selinexor leading to substantial improve-
ment in PFS and no benefit in OS, highlighting 
the importance of predictive biomarkers to select 
the appropriate population who would be most 
likely to benefit from the treatment. In a recent 
pre-clinical study using DDLPS patient-derived 
xenografts (PDXs), the response to selinexor was 
not dependent on the level of MDM2 and CDK4 
amplification.50 Although the same study found 
that treatment with the drug induced p53 overex-
pression and nuclear accumulation, together with 
survivin down-regulation over time, there is no 
evidence of these proteins predicting benefit from 
selinexor in a clinical study so far. The phase IB 
study in DDLPS had analyzed tumor specimens 
but did not report any predictive biomarker.51 
Final correlative data from the SEAL study is 
awaited, however, a preliminary biomarker analy-
sis from SEAL phase 2/3 was presented at the 
annual American Society of Clinical Oncology 
(ASCO) 2021 meeting.58 RNA sequences from 
biopsies of responsive and resistance lesions 
revealed lower expression of CALB1 and higher 
expression of GRM1 in sensitive tumors while no 
differential expression of the genes was found in 
placebo-treated patients. These finding will need 
validation before we can determine their future as 
patient selection biomarkers.

Summary and future directions
Selinexor is the first oral systemic therapy of LPS to 
meet its primary end point of improving PFS in a 
phase 3 clinical study. However, it was a small 
incremental benefit in improving PFS compared to 
placebo in patients who had received 2 to 5 prior 
lines of systemic therapy. No OS benefit was noted, 
but cross over was allowed. Some patients experi-
enced a reduction in tumor burden, and some 
derived prolonged benefit. Evaluation for a predic-
tive biomarker for selinexor is ongoing, with expres-
sion of CALB1 and GRM1 identified as potential 
predictive biomarkers in liposarcoma, though more 
studies are needed for validation. Successfully iden-
tifying a predictive biomarker or exploring combi-
nation therapies might help increase the magnitude 
of impact of selinexor in DDLPS.

Given the paucity of effective systemic therapies 
in DDLPS, successful completion of a phase 3 
study in this indication with selinexor adds hope 
for patients with advanced, unresectable DDLPS. 
Even though regulatory approval seems unlikely 
based on the small but significant incremental 
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PFS benefit, it is the largest prospective study in 
patients with DDLPS and has paved the way for 
future randomized trials specifically addressing 
treatments in DDLPS.

Other systemic treatments currently being investi-
gated in LPS include inhibitors of MDM2 and 
CDK4, given amplifications in these genes are 
almost universal in WD and DD liposarcoma. A 
previous phase 1 study of milademetan (DS-3032b, 
RAIN-32), an MDM2 inhibitor, revealed benefit 
in DDLPS patients.59 Among 3 PR from a total of 
25 patients diagnosed with LPS or solid tumors 
with MDM2 amplification, 1 of the patients with 
PR was diagnosed with DDLPS. The phase 3 
study of milademetan has now been initiated with 
a comparator arm of trabectedin.60 Another 

MDM2 inhibitor, BI907828, has also shown 
promising results in preclinical and an ongoing 
phase 1 study as monotherapy or in combination 
with ezabenlimab in advanced solid tumors and 
liposarcoma (NCT03964233).61 CDK4 inhibi-
tors (palbociclib and abemaciclib) have shown 
promising outcomes as previously described.23,30 
A study evaluating abemaciclib in comparison to 
placebo in DDLPS, has recently started accruing 
(NCT04967521).
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Table 3. Summarized adverse events of single agent selinexor 60 mg twice weekly (day 1 and 3). The data was summarized from the 
phase 1B trial in advanced sarcoma,51 the phase 2B trial in DLBCL,47 and the phase 2 SEAL study in DDLPS.54

Adverse events Grade 1-2 
(%)

Grade 3-4 
(%)

Solid tumors and DDLPS DLBCL Solid tumors and DDLPS DLBCL

Constitutional Fatigue 51.1–58 36 5.6–15 11

Weight loss 22.2–50 30 2–5.6 0

Pyrexia – 18 – 4

GI Nausea 61.1–85 52 0–3 6

Anorexia 22.3–62 33 0–4 4

Vomiting 33.3 28 0 2

Diarrhea 11.2 32 5.6 3

Hematologic Thrombocytopenia 38.9 16 5.6–12 46

Anemia 38.9 21 5.6–15 22

Neutropenia 5.6 6 0 25

Other Hyponatremia 44.4 3 0–15 8

Dysgeusia 16.7 – 0 –

Blurred vision 16.7 – 0 –

Dizziness 5.6 14 0 0

Respiratory tract 
infection

– 14 – 1

Peripheral edema – 11 – 1

DDLPS, dedifferentiated liposarcoma; DLBCL, diffuse large B-cell lymphoma.
Table lists treatment related adverse events reported in ⩾ 10% of all patients (all grades). No grade 5 TRAE was reported.
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