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ABSTRACT

elinexor is a selective inhibitor of nuclear export with anti-cancer
Sproperties. We performed a phase I study to determine the safety

and maximum tolerated dose of selinexor when combined with
high-dose dexamethasone, ifosfamide, carboplatin and etoposide (DICE)
in relapsed/refractory T-cell lymphoma (TCL) and natural-killer/T-cell
lymphoma (NKTL). Patients with relapsed/refractory TCL and NKTL
were treated with standard dose ICE, dexamethasone 20 mg on days 3
to 7, and escalating doses of oral selinexor on days 3, 5 and 7 in a 3+3
design. Dose levels (DL) 1, 2 and 3 were 40, 60 and 80 mg, respectively.
Eleven patients with a median age of 60 years were enrolled; six at DL1
and five at DL2. Patients had received a median of two (range, 1-4) prior
lines of treatment and seven had primary refractory disease at entry into
the study. Patients received a median of three cycles (range, 1-6) of
selinexor-DICE. The most common grade 1 or 2 toxicities included nau-
sea (64%), fatigue (565%), and anorexia (45%) and the most common
grade 3 or 4 toxicities included thrombocytopenia (82 %), anemia (82%),
neutropenia (73%), and hyponatremia (73%). Two patients developed
dose-limiting toxicities at DL2 and one at DL1. Five patients discontin-
ued treatment for reasons other than disease progression or lack of
response. Of the ten evaluable patients, the overall and complete
response rates were 91% and 82 %, respectively. The maximum tolerat-
ed dose of selinexor was 40 mg when combined with DICE. The com-
bination showed promising complete response rates in patients with
relapsed/refractory TCL and NKTL but was poorly tolerated. (clinicaltri-
als.gov identifier: NCT03212937).

Introduction

T-cell lymphoma (TCL) is a heterogeneous group of non-Hodgkin lymphomas
seen more commonly in Asia than in the West."” The 5-year overall survival rates
are approximately 30% for the most common subtypes of TCL, including periph-
eral-T cell lymphoma (PTCL)-not otherwise specified (NOS), angioimmunoblastic
T-cell lymphoma (AITL) and natural-killer/T-cell lymphoma (NKTL).” Patients with
PTCL who relapse or progress after initial therapy have poor survival outcomes
with median progression-free and overall survival of 3.1 and 5.5 months, respec-
tively.” However, patients who achieve a complete response to salvage therapy
have better median progression-free and overall survival (12.2 and 18 months,
respectively).” Some patients who achieve a complete response to salvage therapy
may be considered for high-dose chemotherapy (HDC) and autologous stem cell
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transplantation (SCT) consolidation with curative intent.’
Thus there is a need to improve complete response rates
for salvage regimens.

Exportin 1 (XPO1/CRMI) is a nuclear export protein
that is responsible for the nuclear to cytoplasmic translo-
cation of tumor suppressor proteins (TSP) and growth reg-
ulator proteins (GRP) such as TP53, p21, p27, FOXO3 and
nucleophosmin 1 (NPM1), leading to their inactivation.’
XPO1 is overexpressed in many malignancies including
TCL and increased XPO1 expression is associated with
poor survival.*!” XPO1 also transports topoisomerase II
enzymes to the cytoplasm and cytoplasmic localization of
topoisomerase Il enzymes has been identified as a mech-
anism of cancer resistance. Therefore, when topoiso-
merase Ila enzymes are not in contact with DNA, topoi-
somerase Il inhibitors, such as doxorubicin, are unable to
induce cell death.!! Selinexor® is an oral, first-in-class,
potent selective inhibitor of nuclear export, which binds
to XPO1, leading to nuclear retention of the TSP, GRE, and
topoisomerase lla enzymes, restoring their function.

Selinexor has received Food and Drug Administration
approval for relapsed or refractory multiple myeloma and
diffuse large B-cell lymphoma, and has shown significant
anticancer activity across a range of preclinical models of
cancer, including T-cell acute lymphoblastic leukemia.'
There were also preclinical studies demonstrating the abil-
ity of selinexor to sensitize cancer cells to topoisomerase
inhibitors,” alkylating agents® and steroids."* A phase I
study of selinexor in relapsed/refractory non-Hodgkin
lymphomas showed overall response rates of about
30%."° We hypothesized that selinexor could synergize
with ifosfamide (an alkylating agent) and etoposide (a
topoisomerase II inhibitor) in the ifosfamide, carboplatin
and etoposide (ICE) regimen and we added high-dose dex-
amethasone to this regimen to improve the efficacy of ICE
as a salvage regimen for TCL. We conducted a phase I
study to identify the dose of selinexor that could be com-
bined safely with standard-dose ICE and high-dose dex-
amethasone (DICE) in relapsed or refractory TCL (clinical-
trials.gov identifier: NCT03212937).

Methods

Patients

Recruited patients had histologically confirmed relapsed or
refractory PTCL or NKTL. Patients with CD30" anaplastic large
cell lymphoma (ALCL) had to have failed treatment with brentux-
imab vedotin. The study was conducted at the National Cancer
Center Singapore and the Singapore General Hospital after
approval by the Singhealth Institutional Review Board and in
accordance with the Declaration of Helsinki and Good Clinical
Practice Guidelines of the International Conference on
Harmonization. Written consent was obtained from all patients
prior to their entry into the study.

Study design

This was an open-label, phase I study in which eligible patients
were treated with DICE plus escalating doses of oral selinexor in
a 3+3 design. The primary objective was to assess the safety and
determine the maximum tolerated dose of selinexor that could be
combined with DICE.

The first dose level (DL) of selinexor was chosen as 40 mg
because at the time of developing the study the recommended
phase II dose of selinexor from phase I studies was 60 mg (fixed
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dose)'™'¢ and there was concern that Asian patients tolerated
selinexor less well than Caucasian patients. Hence DL -1, 1, 2 and
3 were 20, 40, 60 and 80 mg, respectively.

All patients received intravenous doses of ICE in a 21-day cycle:
ifosfamide 5 g/m® over days 1-3, carboplatin (area under the curve
5) on day 1 and etoposide 100 mg/m? on days 1-3. Selinexor was
administered on days 3, 5 and 7. Additionally, all patients received
oral dexamethasone 20 mg/day for 5 days on days 3-7 for antici-
pated anticancer synergy of steroids with selinexor. Anti-emetics
included oral aprepitant and granisetron 3 mg on days 1-3 and
dexamethasone 8 mg on days 1-2. Oral olanzapine 5 mg was rec-
ommended with each dose of selinexor.

Eligible patients could undergo HDC and SCT after at least two
cycles of study treatment. Patients who were not eligible for SCT
could receive up to six cycles of the study treatment. Patients
could also receive maintenance selinexor (60 mg weekly) if they
had not progressed upon completion of selinexor-DICE.

Assessment of adverse events and dose-limiting
toxicities

Dose-limiting toxicities were defined as any of the following
treatment-related toxicities occurring during the first cycle of treat-
ment: failure to resolve any grade 3 or higher non-hematologic
toxicities, platelet count of less than 75x10°/L or absolute neu-
trophil count of less than 1x10°/L by day 29, a platelet count of less
than 25x10°/L or an absolute neutrophil count of less than
0.5x10°/L lasting more than 14 days, a platelet nadir of 10x10°/L or
less, or any grade 5 toxicities.

Response assessment

Responses were assessed using the revised International
Working Group Criteria for non-Hodgkin lymphoma.” Tumor
measurements with positron emission tomography and computed
tomography scans were performed at baseline, after two cycles of
selinexor-DICE, and 6-8 weeks after the last cycles of selinexor-
DICE or after HDC/SCT.

Statistical analysis

Any patient who received one dose of selinexor was included in
the safety population and only the patients who completed two
cycles of treatment and the first response assessment were includ-
ed in the efficacy analysis.

Results

Eleven patients were recruited into the study. The medi-
an age was 60 years (range, 34-74), and nine were male. All
patients were Asian; seven (64%) were Chinese, two
(18%) were Malay, one (9%) was Indian and another (9%)
was Myanmarese. The most common histological subtype
in this study was AITL (n=5), followed by PTCL-NOS
(n=2). There were one of each of the following histological
subtypes; ALK-negative ALCL, ALK-positive ALCL, NKTL
and PTCL with T-follicular helper phenotype. Two
patients had stage II disease and the rest had stage IV dis-
ease at study entry. The patients had received a median of
two prior lines of treatment, one had received prior HDC
and autologous SCT, and one had been previously admin-
istered radiotherapy. Seven patients (64%) had primary
refractory disease, defined as disease that had not respond-
ed to any prior chemotherapy, or disease that progressed
within 8 weeks from the end of treatment response assess-
ment. All patients had an Eastern Cooperative Oncology
Group performance status of 0 or 1. (Table 1)
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Patients received a median number of three cycles
(range, 1-6) of selinexor-DICE. Three patients were eligible
for HDC/SCT. (Table 2) Two patients underwent SCT, one
autologous and the other allogeneic SCT. The patient who
underwent autologous SCT had 8.52x10%/L CD34 cells col-
lected prior to the transplant: engraftment of neutrophils
and platelets occurred on days 9 and 8, respectively.
Engraftment of neutrophils and platelets in the patient
who underwent allogeneic SCT occurred on days 10 and
14, respectively. The third patient eligible for HDC experi-
enced disease progression just before autologous SCT and
he was given alectinib before proceeding to allogeneic
SCT. Eight patients were not eligible for HDC/autologous
SCT and these patients received a median of 3.5 of the
planned six cycles of study treatment (Table 2). Three
patients completed all six cycles of study treatment, two
patients discontinued treatment because of adverse events,
another two refused to continue treatment, and one
patient’s treatment was discontinued as a result of the
investigator’s decision. Two patients received maintenance
selinexor upon completing six cycles of selinexor-ICE.

The most common grade 1 and 2 toxicities included
nausea (64%), fatigue (55%), and anorexia (45%). Grade 3
or 4 toxicities occurring in at least one patient included
thrombocytopenia (82%), anemia (82%), neutropenia
(73%), hyponatremia (73%), leukopenia (64%), febrile
neutropenia (45%), and one patient each who developed
fatigue, anorexia, fever, hypokalemia, sepsis, and an upper
respiratory tract infection (Table 3). There were no treat-
ment-related deaths. All patients had hyponatremia (any
grade), which took a median of 7 days (range, 1 to 21) to
resolve. Considering all the cycles of treatment, dose
reductions for selinexor, ifosfamide, carboplatin and
etoposide were required in five (45%), ten (91%), eight
(73%), and nine (82%) of patients, respectively. At DL1
and D12, the median dose intensities (range) for selinexor
were 94.2% (range, 66.7-100%) and 77.8% (range, 72.2-
88.9%), respectively. The median dose intensities for ifos-
famide, carboplatin and etoposide were 79.8% (range,
74.8-99.4%), 87.7% (range, 76.9-105.7%), and 73.0%
(range, 26.0-98.7 %), respectively.

Six and five patients received selinexor at the dose of 40
mg and 60 mg, respectively. Patient 11 developed a dose-
limiting toxicity at DL1. He developed a platelet nadir of
less than 10x10°/L and failed to recover his platelet count to
at least 75x10°/L by day 28. Two patients developed dose-
limiting toxicities at DL2 (patients 5 and 8): one had a
platelet nadir of less than 10x10°/L on day 11 and in another
the platelet count failed to recover to at least 75x10°/L by
day 28 but did recover by day 32. For these two patients,
the platelet counts recovered to 75x10°/L within 11 days of
the dose-limiting toxicity and they both remained on study.
All three patients who developed dose-limiting toxicities
had a baseline platelet count of more than 100x10%/L. Thus,
40 mg of selinexor was the maximum tolerated dose that
could be combined with DICE in this study.

Ten patients were evaluable for response after two
cycles of treatment. One patient (patient 11) progressed
before he could be evaluated by positron emission tomo-
graphy. Of the ten evaluable patients, all responded; nine
(82% [95% confidence interval: 48-98]) achieved a com-
plete response and one (10%) achieved a partial response
(Table 3). The median follow-up of the study was 32.3
months (range, 4.4-36.6). During this period, seven
patients experienced disease progression and five patients

Table 1. Baseline demographic data.

Age at trial entry, years

median (range) 60 (34-74)
Gender

Female 2 (18%)

Male 9 (82%)
Histological subtype

AITL 5 (45%)

PTCL-NOS 2 (18%)

ALCL 2 (18%)

NKTL 1 (%)

Other (PTCL with T-follicular helper phenotype) 1 (9%)
Ann Arbor staging

2 2 (18%)

4 9 (82%)
N. of prior chemotherapy regimens

Median (range) 2 (1-4)

1 3 (27%)

2 5 (45%)

3 2 (18%)

4 1 (%)
Previous treatments

CHOP/CHOPE/CEPP 9 (82%)

GDP/GEMOX/GIFOX 6 (55%)

Brentuximab 2 (18%)

Bendamustine 1 (9%)
DHAP 1 (%)

Etoposide/cyclophosphamide 1 (9%)

Pembrolizumab 1 (9%)

PUVA 1 (9%)

Romidepsin 1 (9%)

SMILE 1 (%)
Relapsed or refractory disease

Relapsed 4 (36%)

Refractory 7 (64%)
Prior HDC/ASCT

No 10 (91%)

Yes 1 (9%)
Prior radiotherapy

No 10 (91%)

Yes 1 (9%)
ECOG performance status

0 3 (27%)

1 8 (73%)
Eligibility for HDC/ASCT on study entry

No 8 (13%)

Yes 3 271%)

AITL: angioimmunoblastic T-cell lymphoma;, PTCL: peripheral T-cell lymphoma; NOS: not oth-
erwise specified; ALCL: anaplastic large cell lymphoma; NKTL: natural-killer/T-cell lymphoma,
CHOP: cyclophosphamide, doxorubicin, vincristine, prednisolone; CHOPE: cyclophos-
phamide, doxorubicin, vincristine, prednisolone, etoposide; CEPP: cyclophosphamide, etopo-
side, procarbazine, prednisolone; GDP: gemcitabine, dexamethasone, cisplatin; GEMOX: gem-
citabine, oxaliplatin; GIFOX: gemcitabine, ifosfamide, oxaliplatin; DHAP: dexamethasone, high-
dose cytarabine,cisplatin; PUVA: psoralen and ultraviolet A; SMILE: steroids, methotrexate, ifos-
famide, l-asparaginase, etoposide; HDC/ASCT: high-dose chemotherapy and autologous stem
cell transplantation); ECOG: Eastern Cooperative Oncology Group.
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died. The median overall survival was not reached and the
1-year overall survival rate was 66.7% (95% confidence
interval: 28.2-87.8%) (Figure 1).

Discussion

In this study of Asian patients with relapsed or refracto-
ry TCL, we found that the maximum tolerated dose of
selinexor that could be combined with high-dose dexam-
ethasone and standard dose ICE i.e., DICE, in a 21-day
cycle, was 40 mg on days 3, 5 and 7. The combination was
highly active with a response rate of 100% among the

Product-Limit Survival Estimate

With Number of Subjects at Risk

evaluable patients. However, toxicities were significant.
Patients ineligible for HDC/autologous SCT underwent a
median of 3.5 cycles of this treatment, and five of 11
(45.5%) discontinued treatment for reasons other than
disease progression or a lack of response.

Hyponatremia is a known and well-established adverse
event associated with selinexor and was the most com-
mon non-hematologic adverse event that occurred in this
study. All-grade hyponatremia occurred after selinexor
was administered, was transient and resolved after a
median of 7 days from the onset. Patients who developed
hyponatremia were generally asymptomatic and managed
with oral rehydration salts, sodium tablets, intravenous

Figure 1. Kaplan-Meier plot of
overall survival in the efficacy
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Table 2. Disposition of the patients.

Age Dose Eligibility Number of Reasons for Maintenance
(in years)/ level for treatment treatment selinexor
gender HDC/ASCT HDC/ASCT cycles discontinuation treatment
ineligibility completed
1 70/Male 1 No Advanced age 2 Patient’s decision No
2 38/Female 1 Yes NA 3 Proceeded to HDC/ASCT No
3 52Male 1 No Prior HDC/ASCT 4 Adverse events Yes
4 61/Male 2 No Poor heart function 6 Completed 6 cycles Yes
EF 36% from [HD
5 52/Male 2 Yes NA 5 Proceeded to No
allogeneic transplant
6 60/Male 2 No NKTL* 6 Completed 6 cycles No
7 49/Male 2 No Poor heart function EF 45% 6 Completed 6 cycles No
from non-ischemic cardiomyopathy

8 34/Male 2 Yes NA 3 Proceeded to HDC/ASCT No
9 67/Male 1 No Advanced age 3 Investigator’s decision No
10 74/Female 1 No Advanced age 3 Patient’s decision No
11 68/Male 1 No Advanced age 1 Adverse events No

HDC/ASCT: high-dose chemotherapy and autologous stem cell transplantation; NA: not applicable; EF: ejection fraction; IHD: ischemic heart disease; NKTL: natural-killer/T-cell
lymphoma. *HDC/ASCT in not performed for NKTL in our institution due to historical lack of efficacy and this patient declined an allogeneic stem cell transplant.
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Table 3. Treatment-related adverse events.

Non-hematologic
Electrolyte imbalances

Hyponatremia 3 (21%) 0 8 (73%) 0 11 (100%)
Hypokalemia 1 (9%) 1 (9%) 1 (1%) 0 3 (27%)
Gastrointestinal
Nausea 2 (18%) 5 (45%) 0 0 7 (64%)
Anorexia 3 (21%) 2 (18%) 1 (9%) 0 6 (55%)
Vomiting 2 (18%) 2 (18%) 0 0 4 (36%)
Diarrhea 3 (27%) 1 (9%) 0 0 4 (36%)
Oral ulcer 2 (18%) 0 0 0 2 (18%)
General
Fatigue 4 (36%) 2 (18%) 1 (9%) 0 7 (64%)
Edema 2 (18%) 1 (9%) 0 0 3 (27%)
Others
Blurred vision 4 (36%) 0 0 0 4 (36%)
Upper respiratory infection 0 3 (27%) 1 (9%) 0 4 (36%)
Dysgeusia 3 (27%) 0 0 0 3 (27%)
Dizziness 2 (18%) 0 0 0 2 (18%)
Encephalopathy 2 (18%) 0 0 0 2 (18%)
Lethargy 2 (18%) 0 0 0 2 (18%)
Rhinorrhea 2 (18%) 0 0 0 2 (18%)
Rash 2 (18%) 0 0 0 2 (18%)
Hematologic
Thrombocytopenia 2 (18%) 0 1 (9%) 8 (73%) 11 (100%)
Anemia 0 2 (18%) 9 (82%) 0 11 (100%)
Leukopenia 0 0 1 (9%) 6 (55%) 7 (64%)
Neutropenia 1 (9%) 2 (18%) 1 (9%) 7 (64% 11 (100%)
Febrile neutropenia 0 0 5 (45%) 0 5 (45%)

The table lists treatment-related adverse events experienced by at least 10% of patients. One patient (9%) developed grade 4 sepsis (not recorded in the table above).

saline infusions and, from mid-way through the study,
patients were also encouraged to prophylactically hydrate
with electrolyte-rich salt drinks during the period they
were on selinexor. Our clinical trial together with current-
ly available data suggest that there may be a higher inci-
dence of grade 3 or more selinexor-induced hyponatremia
among Asian patients'®®* and further studies will be
required to substantiate and understand this phenomenon
better. Although hyponatremia can occur with high-dose
ifosfamide, the rates of hyponatremia that occurred in this
study were much higher than those based on experiences
with ICE therapy alone.

The incidence of grade 3 or 4 thrombocytopenia in this
study was high (82%) and both dose-limiting toxicities
were related to low platelet counts. This can be expected
given the overlapping toxicities of selinexor and ICE (espe-
cially carboplatin). However, there were no bleeding com-
plications associated with the thrombocytopenia. In addi-
tion, the thrombocytopenia was transient and resolved
within 11 days, with platelet counts reaching 75x10°/L. In
phase I studies of single-agent selinexor, the rates of grade
3 or 4 thrombocytopenia were between 14-50%,"'6%!
with the higher rates seen in the phase I study of selinexor
in relapsed or refractory non-Hodgkin lymphoma.® In the
phase II study of selinexor in multiply relapsed multiple
myeloma, the rates of grade 3 or 4 thrombocytopenia

were about 58%.% Preclinical studies suggest that the
mechanism of selinexor-induced thrombocytopenia are
related to selinexor inhibiting megakaryocyte maturation
from progenitor cells.”® Thrombocytopenia, which is a
well-established side effect of selinexor, appears dose- and
schedule-dependent and can be managed with dose inter-
ruptions and modifications.” It may be that patients who
had received more myelotoxic chemotherapy, prior to
receiving selinexor, were more prone to severe thrombo-
cytopenia and this will be an important consideration for
future clinical trial development.

The most common grade 1 and 2 adverse events were
nausea, anorexia and fatigue and the rates of these adverse
events were not very different from those in phase I stud-
ies of single-agent selinexor in solid tumors and hemato-
logic malignancies.'>®! It is likely that these adverse
events, which overlap with the adverse events seen with
ICE, were not much more frequent than those seen in the
single-agent studies because selinexor was administered
with an aggressive anti-emetic strategy and only in the
first week of each cycle so that patients had 2 weeks to
recover before the next cycle was due.

Although not powered to assess response, we found the
high complete response rate of 90% striking among this
group of patients, the majority of whom had primary
refractory disease on entering the study, including a
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patient with NKTL who progressed on SMILE. Although
not directly comparable, in a retrospective multicenter
study of 76 PTCL and NKTL patients treated with ICE
chemotherapy in Singapore, we found that the overall and
complete response rates were 57 % and 34 %, respectively,
among this group of patients who were treated in the
relapsed or refractory setting. The median progression-
free survival for this group of patients was 4.5 months.”
Zelenetz et al. previously also reported that PTCL patients

Contributions

final manuscript.

treated with ICE had an overall response rate of about

54% and a complete response rate of 31%.% The high
response rates seen in this clinical trial may warrant fur-
ther investigation of the role of selinexor with DICE in
patients with relapsed and refractory PTCL and NKTL.
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