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Abstract

Objective: Selinexor is a first-in-class, oral selective inhibitor of nuclear export (SINE) 

compound which blocks Exportin-1 (XPO1). Our objective was to determine maximum tolerated 

dose (MTD) and recommended phase II dose (RP2D) of selinexor and weekly paclitaxel.

Methods: This was an open label, single-center, multi-arm phase 1b study utilizing a “3 + 3” 

design and a “basket-type” expansion in recurrent solid tumors. Selinexor (60mg or 80 mg twice 

weekly orally) and weekly paclitaxel (80mg IV 2 week on, 1 week off) were one of 13 parallel 

arms. Efficacy was evaluated using RECIST version 1.1.

Results: All 35 patients treated were evaluable for toxicity and 31 (88%) were evaluable for 

response. Patient diagnoses included platinum-resistant/refractory ovarian (n=28), breast (n=4), 

prostate (n=2), and cervical (n=1) cancer. Patients had a median of four prior therapies (range 

1-10), and 47% had a prior taxane in the recurrent setting. There were no DLTs and 60mg was 

chosen as the RP2D due to long-term tolerability. Ninety-seven percent of patients had at least 

one treatment-emergent adverse event (TEAE), and the most common grade ≥ 3 TEAE were 

neutropenia (46%), anemia (31%), and nausea (21%). Among 24 evaluable patients with ovarian 

cancer, response rate was 17%, CBR was 58%, and median PFS was 6.8 months (95% CI 3.7, not 

reached (NR)).

Conclusions: Oral selinexor in combination with weekly paclitaxel demonstrated promising 

clinical activity with manageable toxicity. This combination should be considered for further 

exploration in a randomized study, especially in ovarian malignancies.

Keywords

Selinexor; Paclitaxel; Metastatic solid tumors; Ovarian cancer; Selective inhibitor of nuclear 
export (SINE)

Introduction

The process of nuclear-cytoplasmic transport to maintain the intracellular localization 

of proteins is a critical mechanism to preserve cellular homeostasis. Exportins are 

nuclear export proteins that regulate transfer of molecules through the nuclear pore1,2. 

Of the seven known exportins, exportin-1 (XPO-1) or chromosomal region maintenance 

1 (CRM1), is the most well described and is involved in translocation of at more than 

200 unique proteins3–7. Amongst these, the transport of tumor suppressor proteins and 

growth-regulating oncoprotein mRNAs from the nucleus to the cytoplasm of the cell is a 

key component of normal cell function and development. Over-expression of XPO1 can lead 

to tumorigenesis secondary to neutralization of tumor suppressor protein function through 

increased transfer into the cytoplasm8. As expected, the over-expression of XPO1 has been 

associated with poor prognosis across solid and liquid malignancies, including ovarian 

cancer1,9–12. Collectively, these findings support exploration of agents to target exportins, 

and specifically, XPO1.

Selective inhibitors of nuclear export (SINE) compounds block XPO1-mediated transport, 

forcing the intranuclear accumulation of oncoprotein mRNAs along with “re-activation” of 
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tumor suppressor proteins. Forced nuclear retention of mRNAs prevents their translation 

leading to reduced oncoprotein levels. Along with tumor suppressor protein re-activation, 

cell cycle checkpoint activity is restored, and tumor cell growth is hindered and tumor 

cell apoptosis follows. Selinexor (KPT-330) is a first in class, novel, potent, oral SINE 

which blocks XPO1 through formation of a reversible covalent bond with cysteine 528 

of the XPO1 cargo-binding pocket13–16. In preclinical models, selinexor yielded tumor 

growth inhibition through blockage of XPO1-mediated nuclear transport and inhibition of 

attenuation of DNA damage repair. Phase I and II trials of selinexor as a single agent 

have demonstrated modest activity, with objective responses in patients with gynecologic 

malignancies13–16.

Ovarian cancer is the deadliest gynecologic malignancy with 5-year overall survival 

estimated at approximately 30%. Patients with platinum-resistant or platinum-refractory 

disease have limited options and decreased survival. As in other solid tumors, elevated 

levels of XPO1 are associated with worse outcomes in ovarian cancer17. Selinexor has 

demonstrated preclinical activity in ovarian cancer cell lines and patient-derived platinum-

resistant models18. Further, the combination of selinexor with chemotherapy was found to 

exert antitumor activity across a number of solid tumor in vivo models15. The greatest 

activity appeared to be in combination wiath paclitaxel15, supporting use in this study. 

Single agent activity was explored in a phase II trial across all gynecologic malignancies, 

where modest 8% objective response and approximately 30% disease control rates were 

observed in a heavily pre-treated ovarian cancer population19. Given the role of weekly 

paclitaxel in the treatment of ovarian cancer \and the observed preclinical synergy, we 

sought to perform a phase Ib study of the combination of selinexor and weekly paclitaxel in 

advanced solid tumors with a planned expansion in recurrent ovarian cancer.

Patients and Methods

Study Design

This was an open-label, single-center, multi-arm, investigator-initiated, phase Ib of selinexor 

in combination with standard treatments in patients with advanced or metastatic solid 

tumors (Supplemental Figure 1; ClinicalTrial.gov identifier: NCT02419495). The study was 

conducted in multi-arms utilizing a standard 3 plus 3 design and a “basket type” expansion. 

Selinexor in combination with weekly paclitaxel was employed as one of the 13 parallel 

arms. The study protocol and all modifications were approved by the Institutional Review 

Board at our institution and was conducted in accordance with the Declaration of Helsinki, 

Good Clinical Practice, and all local and federal regulatory guidelines.

The primary objective of this study was to determine the maximum tolerated dose (MTD), 

and recommended phase 2 dose (RP2D) of the combinations and further explore safety 

and tolerability of the RP2D of oral selinexor given with weekly intravenous paclitaxel. 

Secondary objectives included estimation of preliminary antitumor activity with objective 

response rate (ORR), duration of response (DOR), clinical benefit rate (CBR) per Response 

Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.120) and progression free 

survival (PFS).
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Patient Population

Eligible patients had histologically confirmed advanced or metastatic solid tumors which 

were unresponsive or had relapse following prior systemic therapy. There was no limit to 

number of prior lines of therapy, prior taxanes were allowed in upfront and/or recurrent 

setting. All patients had at least one measurable target lesion by RECIST v1.120. For the 

dose expansion, all patients were required to have a platinum resistant or refractory disease 

ovarian, fallopian tube, or peritoneal cancer (defined as progression during or within 6 

months of a platinum-based therapy). For dose escalation, all patients were required to have 

adequate bone marrow (absolute neutrophil count (ANC) > 1,500/mcL, hemoglobin > 10.0 

g/dL, platelets > 125,000/mcL), liver (total bilirubin within institutional limits and AST/ALT 

< 2 x institutional upper limit of normal) (ULN)), and renal function (creatinine within 

institutional normal limits or creatinine clearance >/= 30 mL/min/1.72 m2). In the expansion 

cohorts, acceptable levels were as follows: ANC > 1,000/mcL, hemoglobin > 9.0 g/dL, 

platelets > 100,000/mcL, AST/ALT </=2x ULN (patients with known liver involvement 

could have AST/ALT </= 5x ULN). Key exclusion criteria included patients with primary 

central nervous system tumor or active central nervous system involvement, residual toxicity 

not resolved to </= grade 1 (excluding alopecia), evidence of bowel obstruction or need for 

total parenteral nutrition, prior treatment with an agent targeting the exportin, and unstable 

cardiovascular function. All subjects provided written informed consent.

Treatment Plan

Cycle length was 21 days. Selinexor was dosed orally twice a week for the first two weeks 

of each cycle. Selinexor doses were taken 48 hours apart, typically on Monday/Wednesday 

or Tuesday/Thursday. Selinexor dose was 60mg for dose level 1 and 80mg for dose level 2. 

Paclitaxel was given at a fixed dose of 80mg/m2 intravenously on day 1 and day 8 of each 

cycle.

Assessments

Toxicities were monitored through the duration of the study and 30 days after cessation of 

study treatment. Common Terminology Criteria for Adverse Events version 4.03 (CTCAE 

v4.03) was utilized to grade treatment-emergent adverse events (TEAEs) and treatment-

related adverse events (TRAEs). DLT was defined as any investigational treatment-related 

grade 4 hematologic adverse event, grade ≥ 3 thrombocytopenia associated with clinically 

significant bleeding, febrile neutropenia, or non-hematologic adverse event grade ≥ 3 in 

severity per CTCAE v4.03 despite optimal supportive medications, excluding electrolyte 

abnormalities that are reversible, asymptomatic or hair loss which is not dose-limiting. The 

MTD was defined as the highest dose level at which ≤ 33% of patients experience DLTs 

during cycle 1. After the MTD was defined, the study was expanded to include additional 

evaluable patients at the MTD. A safety monitoring committee comprised of investigators 

and the study sponsor reviewed all safety information and made consensus decisions about 

dose escalation. All patients underwent disease radiographic assessment with CT or MRI 

based on RECIST v1.120 every 3 cycles and responses were confirmed.
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Statistical Methods

Patient characteristics, TEAEs, TRAEs, and antitumor activity were summarized using 

descriptive statistics. Clinical benefit rate (CBR) was defined as proportion of patients 

with complete response, partial response, or stable disease longer than 4 months from 

treatment start by RECIST v1.120. PFS was defined as the time from treatment to the time 

of progression disease or death, whichever occurred first, or off study for those who had 

not experienced progression. Duration of clinical benefit was defined as from the time of 

treatment start to the time of progression disease or death, whichever occurred first, or off 

study among the patients with clinical benefit. The distribution of PFS, duration of response, 

and duration of clinical benefit were summarized by Kaplan-Meier method.

A Simon minimax two-stage design for 10% vs. 30% targeting alpha = beta = 10% was 

utilized in the 25-patient tumor-specific cohorts. This design planned for 16 patients in 

the first stage and concludes if there are fewer than two successes. If there are at least 

2 successes in the first 16 patients, 9 more patients will be enrolled for a total of 25 

patients. This design has an obtained alpha 9.5%, power of 90%, and has an early stopping 

probability if the true success rate is 10% of 0.51. The probability of stopping early if the 

true success rate is 5% is 0.81. All analyses were performed in SAS 9.4 (Cary, NC).

Results

Patient characteristics

Between 7/2015 and 9/2020, 35 patients were enrolled on the selinexor/weekly paclitaxel 

arm of the basket study. All patients were evaluable for toxicity and 31 (88%) were 

evaluable for response. Patient characteristics are described in Table 1. Median age was 

64 years (range, 38 - 77) with 94% female. The median number of prior systemic therapies 

received was 4 (range, 1 - 10) and 47% had previously received a taxane in the recurrent 

setting. The most common diagnosis was ovarian cancer (n=28, 80%) followed by breast 

(n=4, 11%), prostate (n=2, 6%), and cervical (n=1, 3%) cancer. Among the patients with 

ovarian cancer, high grade serous (82%) was the most common histology, all had received a 

taxane in the primary setting, and 71% had received bevacizumab in the recurrent setting.

During the dose escalation phase, six patients were treated on dose level 1 and six patients 

were treated on dose level 2. Twenty-three patients were treated on the expansion phase of 

this arm.

Safety and Tolerability

Ninety-seven percent of patients had at least one treatment-emergent adverse event (TEAE) 

and the most common TEAEs were anemia (83%), nausea (63%), leukopenia (60%), fatigue 

(57%), neutropenia (51%), thrombocytopenia (49%), hyponatremia (54%), and vomiting 

(40%) (Table 2). The most prevalent grade ≥ 3 TEAE were anemia (83%), nausea (63%), 

leukopenia (60%), fatigue (57%), neutropenia (51%), and thrombocytopenia (49%). In 

regard to most common adverse events related to study treatment, the most common TRAEs 

were anemia (74%), nausea (57%), fatigue (51%), leukopenia (51%), neutropenia (49%), 

thrombocytopenia (46%), hyponatremia (34%), and vomiting (31%) (Table 2). Elevations in 
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aspartate aminotransferase (23%), alanine aminotransferase (20%), and alkaline phosphatase 

(17%) were also observed without more serious liver toxicity (e.g., bilirubin elevation).

There were no DLTs observed on either dose level. In dose level 2, despite no DLTs, 2 

of 3 patients experienced grade 3 or 4 toxicity requiring dose interruption beyond cycle 

1. Significant toxicities included fatigue, anemia, neutropenia, and syncope. The patients 

ultimately discontinued therapy for progressive disease prior to any dose reduction. Thus, 

DL1 was chosen as the recommended phase II due to better long term tolerability. Ten 

(29%) patients reported having 15 serious adverse events related to study intervention 

including G3 anemia (13%), G2 acute kidney injury (13%), G4 creatinine phosphokinase 

elevation (7%), G3 creatinine increased (7%), G2 dysarthria (7%), G2 fatigue (13%), G3 

fatigue (7%), G4 hyperuricemia (7%), G3 nausea (8%), G4 sepsis (7%), G3 stroke (7%), G3 

syncope (7%), and G3 nausea (7%). One patient died on study secondary to an unrelated 

adverse event of colonic perforation due to disease burden.

Antitumor Activity

Median cycle number was 4 (range, 1-10). Best overall tumor response among 31 evaluable 

patients is depicted in Figure 1. Four patients achieved a partial response (13% ORR) and 

an additional 10 patients (32%) had stable disease for greater than 4 months for CBR of 

45%. All patients who achieved clinical benefit had a diagnosis of ovarian cancer. Among 

the entire cohort, 16 patients (47%) had prior exposure to a taxane, including one patient 

who achieved a partial response.

Among the 24 evaluable patients with ovarian cancer, response rate was 17% and clinical 

benefit rate was 58%. 6 (25%) received a taxane in the recurrent setting. Duration of clinical 

benefit among patients with ovarian cancer was 7.6 months (95% CI: 4.4 – not reached, 

Figure 2). Among the four responders, 3 had high grade serous (HGS) histology and 1 had 

low grade serous (LGS) histology. The three responders with HGS had known pathogenic 

p53 mutations, the patient with LGS did not have a known molecular profile.

The median PFS for all patients and patients with ovarian cancer were 6.8 months (95% 

CI 2.9, not reached) and 6.8 months (95% CI 3.7, not reached) (Figure 3A and 3B), 

respectively.

Discussion

This is the first study to report on the combination of selinexor with weekly paclitaxel, one 

of the most commonly used regimens for recurrent ovarian cancer, as well as other solid 

tumors. This basket phase 1b trial demonstrated the combination of selinexor and weekly 

paclitaxel was tolerable at up to 80mg selinexor twice weekly; the RP2D of selinexor 60mg 

orally twice a week and paclitaxel 80mg/m2 intravenously weekly on a two week on, one 

week off schedule was chosen due to good long-term tolerability. Further, intriguing clinical 

activity was demonstrated, regardless of prior taxane use.

The majority of patients treated with the combination experienced at least one treatment-

emergent adverse event. Similar to other studies of selinexor, the most common adverse 
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events were hematologic, gastrointestinal, and constitutional. Overall, these toxicities 

were low-grade and easily managed with supportive care. Serious adverse events were 

experienced in 29% of patients and were generally reversible. The increase in grade 3/4 bone 

marrow toxicity as compared to studies of selinexor19 alone, including neutropenia, anemia, 

and leukopenia, was likely due to overlapping toxicity between the agents. This is similar 

to what has been observed in other trials combining selinexor and chemotherapy21–23. In 

fact, the rates of grade 3/4 leukopenia, neutropenia, and leukopenia were much lower in the 

current study as compared to both phase 1b trials combining selinexor with paclitaxel and 

carboplatin.

There was encouraging activity of the combination, especially among women with recurrent, 

platinum-resistant ovarian cancer where a 17% RR and 58% CBR was achieved. Further, 

progression free survival was 6.8 months in this platinum-resistant/refractory population, 

which is more than twice what is expected with chemotherapy alone, especially in a heavily 

pretreated population24. Initial studies of selinexor as a single agent demonstrated modest 

response rates, with the first in human trial yielding 4% objective response, including 

a patient with ovarian cancer25. A subsequent phase II trial in recurrent gynecologic 

malignancies demonstrated an 8% response rate and 30% disease control rate (CR, PR, 

SD ≥ 12 weeks) in patients with progressive ovarian cancer after a median of five prior 

regimens19.

There is a lack of understanding regarding which molecular aberrations may be associated 

with benefit from selinexor. In a study of selinexor as a maintenance strategy in advanced 

and recurrent endometrial cancer, patients with wildtype p53 appeared to garner the greatest 

benefit. Our study is lacking the depth of molecular data to assess any associations, 

although three patients with objective response to the combination did have a pathogenic 

p53 mutation.

In ovarian cancer, response rates for weekly paclitaxel have been reported as anywhere 

from 20-60%26, with higher response rates achieved in taxane-naïve patients and in patients 

generally less heavily pretreated (1-2 prior therapies) than those who entered the current 

study. However, duration of response and progression free survival are limited with this 

regimen. The combination of chemotherapy (weekly paclitaxel, topotecan or pegylated 

doxorubicin) with bevacizumab is FDA-approved in the platinum-resistant setting due 

to demonstration of improved PFS with the combination of chemotherapy alone in the 

AURELIA trial (HR 0.48 (95% CI, 0.38 to 0.60; P < .001). Of note, the AURELIA trial 

was specific to patients with only 1-2 prior regimens and no prior bevacizumab in the 

recurrent setting. Thus, rates of objective response, clinical benefit, and median progression 

free survival in the current trial are noteworthy given the heavily pre-treated nature of our 

population (median 4 cycles) and the high proportion of patients with prior bevacizumab 

(71%).

The combination of selinexor and weekly paclitaxel appears to have the potential for 

synergitic activity over either single agent. However, these results should be interpreted 

with caution in this small patient population, given results of other randomized trials that did 
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not show benefit with addition of other targeted agents, such as pazopanib or Reolysin, to 

weekly paclitaxel27,28.

In summary, the SINE inhibitor, selinexor, in combination with paclitaxel demonstrated 

promising clinical activity with manageable toxicity, and further evaluation is warranted. 

This combination should be considered for further exploration in a randomized study, 

especially in ovarian malignancies.
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Highlights

• The combination of the selective inhibitor of nuclear export (SINE), selinexor, 

and weekly paclitaxel is tolerable.

• Most common toxicity from the combination of selinexor and paclitaxel 

included bone marrow suppression, nausea, and fatigue.

• Selinexor and weekly paclitaxel yielded clinical benefit in heavily pre-treated 

patients with platinum-resistant ovarian cancer.
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Figure 1: Antitumor activity of the combination of selinexor and weekly paclitaxel
Abbreviations: B = Breast cancer; O = Ovarian Cancer; P = Prostate Cancer; S = Squamous 

Cell Carcinoma of the Cervix; PR = Partial Response; SD = Stable Disease; PD = 

Progressive Disease
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Figure 2: 
Time on treatment on selinexor and weekly paclitaxel
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Figure 3: 
Progression free survival in A) entire cohort and B) ovarian cancer cohort
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Table 1.

Patient demographics and clinical characteristics (n=35)

Characteristic

Race, n (%)

 Caucasian 25 (71)

 Black 5 (14)

 Hispanic 3 (9)

 Asian 1 (3)

 Other 1 (3)

Primary Site, n (%)

 Ovarian/Peritoneal/Fallopian tube 28 (80)

 Breast 4 (11)

 Prostate 2 (6)

 Cervical 1 (3)

Ovarian Histology, n (%)

 High grade serous 23 (82)

 Low grade serous 2 (7)

 Clear cell 2 (7)

 Adenosquamous 1 (4)

Prior Taxane in Recurrent Setting, n (%)

 No 18 (53)

 Yes 16 (47)

Age, median years (range)
64

(38-77)

Prior lines, median number (range)
4

(1-10)
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Table 2-

Treatment-related and treatment-emergent adverse events experienced by ≥ 10% patients on selinexor and 

weekly paclitaxel

Adverse Event Treatment-related adverse events n, (%) Treatment-emergent adverse events n, (%)

All grades G3/G4 All grades G3/G4

Anemia 26 (74) 11 (31) 29 (83) 11 (31)

Nausea 20 (57) 1 (3) 22 (63) 1 (3)

Leukopenia 18 (51) 6 (17) 21 (60) 6 (17)

Fatigue 18 (51) 3 (9) 20 (57) 4 (11)

Neutropenia 17 (49) 16 (46) 18 (51) 16 (46)

Thrombocytopenia 16 (46) 2 (6) 17 (49) 3 (9)

Hyponatremia 12 (34) 3 (9) 19 (54) 6 (17)

Vomiting 11 (31) 1 (3) 14 (40) 2 (6)

Aspartate aminotransferase increased 8 (23) 1 (3) 11 (31) 1 (3)

Alanine aminotransferase increased 7 (20) 1 (3) 10 (29) 1(3)

Alkaline phosphatase increased 6 (17) 0 (0) 7 (20) 0 (0)

Peripheral sensory neuropathy 6 (17) 2 (6) 7 (20) 2 (6)

Mucositis - oral 5 (14) 0 (0) 6 (17) 0 (0)

Anorexia 4 (11) 0 (0) 6 (17) 0 (0)

Blurred vision 4 (11) 0 (0) 4 (11) 0 (0)

Diarrhea 4 (11) 1 (3) 12 (34) 1 (3)

Lymphopenia 4 (11) 2 (6) 6 (17) 3 (9)

Dyspnea 2 (6) 0 (0) 12 (34) 1 (3)

Abdominal Pain 1 (3) 0 (0) 10 (29) 3 (9)

Edema – limbs 2 (6) 0 (0) 9 (26) 1 (3)

Constipation 2 (6) 0 (0) 8 (23) 0 (0)

Hypokalemia 1 (3) 0 (0) 8 (23) 0 (0)

Hypoalbuminemia 2 (6) 0 (0) 7 (20) 0 (0)

Cough 0 (0) 0 (0) 6 (17) 0 (0)

Creatinine increased 1 (3) 1 (3) 5 (14) 1 (3)

Hypophosphatemia 2 (6) 0 (0) 5 (14) 1 (3)

Abdominal distention 1 (3) 0 (0) 5 (14) 0 (0)

Dizziness 3 (9) 0 (0) 5 (14) 0 (0)

Headache 0 (0) 0 (0) 5 (14) 0 (0)

Thromboembolic event 1 (3) 1 (3) 4 (11) 2 (6)

Hyperuricemia 1 (3) 1 (3) 4 (11) 1 (3)

Fever 0 (0) 0 (0) 4 (11) 0 (0)

Hyperkalemia 2 (6) 0 (0) 4 (11) 0 (0)

Syncope 2 (6) 2 (6) 2 (6) 2 (6)

CPK increased 1 (3) 1 (3) 2 (6) 1 (3)

Gynecol Oncol. Author manuscript; available in PMC 2024 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Westin et al. Page 17

Adverse Event Treatment-related adverse events n, (%) Treatment-emergent adverse events n, (%)

Sepsis 1 (3) 1 (3) 1 (3) 1 (3)

Stroke 1 (3) 1 (3) 1 (3) 1 (3)

Colonic Fistula 0 (0) 0 (0) 1 (3) 1 (3)

Hypertension 0 (0) 0 (0) 1 (3) 1 (3)

Non-cardiac chest pain 0 (0) 0 (0) 1 (3) 1 (3)

Pain 0 (0) 0 (0) 1 (3) 1 (3)

Small intestinal obstruction 0 (0) 0 (0) 1 (3) 1 (3)

Thrombotic thrombocytopenia purpura 0 (0) 0 (0) 1 (3) 1 (3)
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