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_ PD-1/PD-L1 + XPO1 inhibition slows melanoma

Selinexor (KPT-330) is a SINE (Selective Inhibitor of Nuclear Export) compound being evaluated in multiple later stage clinical tu m O r g rOWth
trials in patients with relapsed and/or refractory hematological and solid tumor malignancies. (ClinicalTrials.gov). Selinexor has been

administered to >1400 cancer patients in Phase | and |l trials to date, with evidence of efficacy and tolerability. This small molecule targets
exportin-1 (XPO1), a key nuclear export protein with >200 cargo proteins which include both tumor suppressors and cell cycle modulators.
As a result, selinexor blocks nuclear export of proteins including |kB, NFAT1c, STAT1 and STAT3, which regulate expression of the inhibitory
T cell receptors CTLA4, PD1 and its ligand, PD-L1. We hypothesized that selinexor would upregulate T cell checkpoint molecule
expression, and thereby enhance the anti-tumor activity of antibodies targeting PD-1/PD-L1 or CTLA4. Human (A375, CHL-1) and murine

(B16F 10) melanoma cell lines expressed high levels of PD-L1 protein at baseline, and PD-L1 expression was induced following selinexor
treatment in numerous other tumor cell lines (including HCT-116, MDA-MB-468, MV-4-11, OVCAR-8, and PC-3). Examination of
lymphocytes revealed that selinexor also increased expression of PD-1 and CTLA4 by ~2-fold. Mice bearing syngeneic B16F 10 melanoma

tumors treated with selinexor (15 mg/kg 2 x weekly) and anti-CTLA4 (250 ug, 2 x weekly) demonstrated a significant reduction in tumor
growth rate (p = 0.0065) while monotherapy had no significant effect on tumor growth. Similar results were obtained in mice bearing B16F10
melanoma treated with the combination of selinexor + anti-PD-1 (200 pg, 2 x weekly, p < 0.034) or selinexor + anti-PD-L1 (100-200 pg, 2 x
weekly, p < 0.001). Importantly, no weight loss or signs of toxicity were evident in any in vivo study. Further immunophenotypic analyses
have been completed in animals receiving selinexor alone or in combination with anti-PD-L1. In combination treated mice, we observed a
significantly increased percentage of splenic NK cells (p <£0.050), and a significantly increased percentage of splenic Th1 T cells (p<0.011),
all compared to vehicle treated mice. Interestingly, combining selinexorwith anti-PD-L1 significantly decreased the percentage of
splenocytes that expressed PD-L1 (p<0.001). These changes are indicative of increased anti-tumor immune activity; however, they were
accompanied by significantly increased percentages of myeloid cell subsets in combination treated mice (p < 0.050). The immunologic
significance of this myeloid cell expansion is currently under investigation. These data indicate that the efficacy of selinexor may be
enhanced by disrupting immune checkpoints in effector cells (T and NK cells). This provides data in support of novel, evidenced-based
combinations involving immunotherapy with XPO1 inhibition that deserve further investigation for advanced cancer. 0

Combining nuclear export inhibition with
immunotherapy in melanoma

Immunotherapy in melanoma
« Immune checkpoint blockade (ipilimumab, nivolumab) has clinical efficacy against metastatic

Selinexor increases in vivo T cell activation
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Figure 6. Combo therapy significantly increases CD4* and CD8*T cell activation in vivo. (left) Gating strategy: T cell activation status

melanoma, having elicited deep and sustained responses in a proportion of patients. ~~@~~ Selinexor + anti-PD-L1 (100 ug) was assessed by first gating on CD4* or CD8" cells and then assessing CD44 and CD62L levels. CD62L* CD44- - Naive phenotype; CD62L*
g i i e . - g ; : CD44* - early activation and central memory phenotype; CD62L- CD44* - Effector phenotype Helper T cell phenotypes. were determined
{ "
While promising, majorlty of patients still progress followmg mmunotherapy in<2 years. 1500 —&— anti-PD-L1 (200 ug) based on CD4* T cell expression of CXCR; (Ty1), CCR4 (T42), and CCR6 (T17). Selinexor treatment significantly increased the proportion

of T cells with early activated/central memory phenotype (right), as well as increasing effector phenotype and decreasing naive phenotype
(data not shown). n = 5-6 mice per group. *p < 0.05.

Nuclear export inhibitionin melanoma
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- Figure 6: Evaluation of alternative dosing schedules for selinexor and anti-PD-1. Animals were injected subcutaneously with B16F10 on
day 0 and were treated twice per week with selinexor and immune checkpoint blockade (or appropriate vehicle/isotype control) beginning
o when tumors became palpable. n=5 mice per group. (a) 5 alternative time/dose schedules for selinexor and anti-PD-1 antibody were
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(left) PD-L1 expression on B16F10 was assessed by flow cytomefry. B16F 10 expressed PD-L1 at baseline (grey histogram: isotype control,

black histogram: anti-PD-L1 stained). Selinexor incubation (up to 1 uM for 72 hours) did not further induce PD-L1 expression (data not n . . .
shown). (right) Human leukocytes from healthy donors were incubated with 100-500 nM selinexor or diluent control for 4-24 hours and T cell Ackn owledgeme nts 3. In contrast to human leukocytes treated in vitro, selinexor did
checkpoint molecule expression assessed by gRT-PCR. Selinexor strongly induced PD-1 and CTLA-4 expression, while marginally

=Upprasing SRl b expressioninhuman ieukosyles, We thank the OSU CCC Analytical Cytometry, Biostatistics, and Target Validation Shared not induce PD-1 or PD-L1 exPreSSion in tumor bearing mice.
Resources. There are two important differences in these models, however:
This project was supported in part by NIH Grants 5T32CA009338-34 (Caligiuri), a) The in vitro data was generated using human cells, while the in vivo data was generated in a
5T32CA090223-13 (Carson), 1R01 CA169363-01 (Lesinski), a fellowship from the murine setting. Immune cells from humans vs. mice are known to differentially regulate PD-1

and CTLA-4, and there may also be subtle differences in how they regulate these molecules in
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of The Siegle Fund for Melanoma Research and The Gill Fund for Melanoma Research.
b) The human in vitro data was generated using healthy donor (i.e. tumor free) leukocytes, while
the murine in vivo data only examined cells from tumor bearing mice. Thus, it is likely that
immune checkpoint molecules were already upregulated on the murine cells, masking potential
effects of selinexor on the regulation of these molecules
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