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Six-hour NK lysis assay of (A) neuroendocrine SCLC, (B) non-neuroendocrine SCLC, (C) neuroendocrine small cell prostate, or (D) 
non-small cell neuroendocrine lung carcinoid cell lines using donor M-ceNK or NK cells freshly isolated or pre-incubated with 50 
ng/mL N-803 for 48 hours before the cytotoxic assay, at the indicated E:T ratios. ****p<0.0001 by two-way ANOVA. Multiple 
comparisons to NK control represented by green for NK + N-803 condition and purple for M-ceNK condition. (E) Percent lysis 
achieved with NK cells +/- 50ng/mL N-803 (48-hour pre-incubation) or M-ceNK cells from multiple donors, across all cell lines at E:T 
ratios as indicated. Each data point indicates % lysis from an individual donor used in experiments. M-ceNK demonstrate 
substantial lysis activity against all NE and non-NE target cell lines evaluated.

A majority of SCLC tumors lack expression of MHC-Class I, making them targetable
 by NK-driven therapeutic strategies
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These data demonstrate the potential for M-ceNK based approaches for the treatment of 
neuroendocrine tumors, including all molecular subtypes of SCLC. 

SCLC is an aggressive disease with poor outcomes and few treatment options; while SCLC 
is the most well known neuroendocrine tumor type, these tumors also derive from many sites 
within the body, including small cell of the breast, prostate, colon, etc. Currently, most 
neuroendocrine tumors are treated with therapeutic regimens designed for SCLC, and 
although immunotherapy options are approved, they only provide modest improvements in 
survival to a small subset of patients. 

These findings propose that M-ceNK may provide benefit to most patients with SCLC as well 
as patients with other types of neuroendocrine tumors. Furthermore, M-ceNK may provide 
an additional line of therapy in other cases of immunologically cold tumors lacking MHC 
expression after checkpoint blockade therapy.

(A) Immunofluorescent staining of the NE marker NCAM1 and MHC-class I (NCAM1 = red, MHC-class I = white, DAPI = blue). (B) 
Quantification of 80 SCLC tumors scored based on positivity for NCAM1 and MHC-class I expression demonstrated that 81% of 
SCLC lack expression of MHC-class I. (C) Immunofluorescent staining of transcription factors ASCL1, NEUROD1, POU2F3, 
YAP1, and MHC-class I in SCLC tissues of a tumor microarray (ASCL1 = turquoise, NEUROD1 = green, POU2F3 = pink, YAP1 = 
red, MHC-class I = white, DAPI = blue). (D) Quantification of 79 evaluable tumors based on predominant transcription factor 
expression and MHC-class I within each case showed that there was no correlation between SCLC subtype and the lack of 
MHC-class I. Fousek et al., J Thorac Oncol. 2023 Mar;18(3):350-368.
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Staining of TMA with 80 SCLC cases
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SCLC and other neuroendocrine cancer cell modes are highly susceptible 
to lysis by M-ceNK

Summary and Relevance

Characterization of the anti-tumor activity of memory cytokine enriched NK cells (M-ceNK) 
against tumors with neuroendocrine features
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Background

Apheresis 

Methods

Small cell lung cancer (SCLC) is an aggressive neuroendocrine (NE) carcinoma with few 
treatment options. Although immune checkpoint blockade (ICB) is approved in combination 
with chemotherapy in extensive stage disease, only a subset of patients experience an 
improvement in overall survival. Studies suggest that a lack of response to ICB is partially 
attributable to low expression of MHC-class I. In a recent report, our group found that the lack 
of MHC-class I can be utilized to enable targeting by NK cells stimulated with an IL-15 
cytokine superagonist (N-803). These findings led us to hypothesize that cytokine stimulated 
memory-like NK cells (M-ceNK) may be effective in targeting SCLC. 

M-ceNK were derived from apheresis product from 
healthy donors via culture in the presence of 
cytokines including N-803 (a clinical-stage 
superagonist complex of a mutant human IL-15 
combined with the sushi domain of hIL15R⍺ and 
fused to an IgG1 Fc domain), IL-12, and IL-18. 
Resulting M-ceNK were characterized by flow 
cytometry for expression of NK activating and 
inhibitory receptors as well as the intracellular 
expression of cytolytic mediators. Evaluation of the 
functional killing capacity of M-ceNK was assessed 
via 6-hour in vitro immune cytotoxicity assays against 
SCLC cell lines representative of each of the four 
molecular subtypes (ASCL1, NEUROD1, POU2F3, 
YAP1). 

Results

Ongoing Studies

Future Studies
Ø Evaluation of the potential of the combination of M-ceNK and N-803 to provide efficacy in 

xenograft models of SCLC and other neuroendocrine tumors. The studies are being 
conducted in NSG-MHC I/II KO mice; tumor models of interest are H69, H841, H727. 

Ø Additional studies are ongoing to determine the contribution of low MHC-class I or other 
tumor ligands to the mechanism of action enabling lysis by M-ceNK in the context of NE 
tumor models.

(A) Representative flow cytometry plots depicting expression of CD56 and CD16 in healthy donor NK (untreated or pre-treated with 
50ng/mL N-803 for 48 hours) and M-ceNK. M-ceNK display a CD56HIGH CD16NEG phenotype. (B-D) Flow cytometry histogram 
plots depicting the surface expression of markers of (B) proliferation and effector function, (C) NK activation, and (D) NK inhibition. 
Each plot displays data collected for two matched NK donors +/- N-803 pre-treatment (50ng/mL for 48 hours) and a single donor M-
ceNK product. M-ceNK exhibit a highly activated phenotype with minimal expression of inhibitory receptors.

M-ceNK exhibit a highly activated CD56HIGH phenotype
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NKp30

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
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C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 
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Comp-YL1-A :: PE-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

NKp44

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0-103 103 104 105 106

Comp-VL3-A :: Brilliant Violet 605-A

0 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

NKp46

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0-103 103 104 105 106

Comp-VL3-A :: Brilliant Violet 605-A

0 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

NKG2D

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0-103 103 104 105 106

Comp-VL3-A :: Brilliant Violet 605-A

0 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

DNAM-1

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0-103 103 104 105 106

Comp-VL3-A :: Brilliant Violet 605-A

0 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
C5.fcs Live 106614 
C4.fcs Live 147277 
C3.fcs Live 315468 
C2.fcs Live 287190 
C1.fcs Live 372012 
A5.fcs Live 114052 

Isotype

DN1

DN1 + N-803

DN2 + N-803
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Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL3-A :: PE-Cy7-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

NKG2A

0 103 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL3-A :: PE-Cy7-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

PD-1

0 103 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL3-A :: PE-Cy7-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

TIGIT

0 103 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL3-A :: PE-Cy7-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

TIM-3

0 103 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL3-A :: PE-Cy7-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-RL1-A :: APC-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

0 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
D5.fcs Live 105313 
D4.fcs Live 134966 
D3.fcs Live 302937 
D2.fcs Live 279032 
D1.fcs Live 398667 
A5.fcs Live 111527 

Isotype

DN1

DN1 + N-803

DN2 + N-803

DN2

M-ceNK
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Perforin

0 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0-103 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0-103 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0 103 104 105 106

Comp-VL5-A :: Brilliant Violet 711-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

Granzyme B

0 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0-103 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0-103 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0 103 104 105 106

Comp-VL5-A :: Brilliant Violet 711-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

IFN-𝜸

0 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0-103 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0-103 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0 103 104 105 106

Comp-VL5-A :: Brilliant Violet 711-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

Ki67

0 104 105 106

Comp-BL1-A :: FITC_AF488-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0-103 103 104 105 106

Comp-YL1-A :: PE-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0-103 103 104 105 106

Comp-VL1-A :: Brilliant Violet 421-A

Sample Name Subset Name Count
E5.fcs Live 67246 
E4.fcs Live 128909 
E3.fcs Live 306883 
E2.fcs Live 309826 
E1.fcs Live 380929 
B5.fcs Live 62578 

0 103 104 105 106

Comp-VL5-A :: Brilliant Violet 711-A

Sample Name Subset Name Count
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NK

M-ceNK cells are highly activated and primed for killing
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(A-C) Quantification of % of live cells expressing each indicated marker, assessed by flow cytometry in NK cells isolated from 
several matched healthy donors with or without N-803 exposure (50 ng/mL for 48 hours) as well as M-ceNK derived from three 
healthy donors. Cytokine exposure increases the activation profile of NK cells, but only M-ceNK cells maintain a low 
expression of inhibitory markers. Each dot represents a different healthy donor. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 by 
one-way ANOVA with Tukey’s multiple comparisons post-test.
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In vitro evaluation of M-ceNK in the context of other ICB resistant cancers

We aim to expand evaluation of the efficacy of M-ceNK to target additional models which are known to have poor 
responses to immune checkpoint blockade (ICB). Meta-analyses have shown that the overall response rate of 
colorectal cancer (CRC) to ICB is approximately 20%; moreover, CRC is described as a “cold” tumor with low 
expression of HLA-Class I. We have begun evaluating M-ceNK therapy in the context of CRC within in vitro models.
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Percent lysis achieved against various colorectal cancer cell line models at an effector to target ratio of (A) 20:1 and (B) 10:1 with NK 
cells isolated from multiple healthy donors and cultured with or without N-803 (50 ng/mL for 48 hours) and M-ceNK derived from 
multiple healthy donors Each data point indicates % lysis from an individual donor used in experiments.
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Preliminary phase 2 clinical results of IL-15R!Fc superagonist N-803 with BCG in 
BCG-unresponsive non-muscle invasive bladder cancer (NMIBC) patients
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! There were approximately 81,190 new bladder cancer 
cases and 17,240 deaths from the disease in the US 
in 20181

! At least 70% of all bladder cancers present as non-
muscle-invasive disease (NMIBC)2

! Immunotherapy with Bacillus Calmette-Guérin (BCG), 
an attenuated strain of Mycobacterium bovis, is 
standard-of-care (SoC) therapy2

–BCG triggers an immune response in the bladder 
and is associated with high initial response rates

Methods

Acknowledgments

! N-803 (formerly known as ALT-803) is a novel IL-15 receptor superagonist engineered to have a longer serum 
half-life and 30-fold greater activity vs. IL-154,5

! N-803 promotes natural killer (NK) and CD8+ T-cell expansion and activation in vivo without expanding 
immunosuppressive regulatory T cells6,7

Conclusions
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! Cohort 1: 18 of 20 (90%) CR in subjects with CIS [with or without Ta/T1 papillary disease]
! Cohort 2: 12 of 16 (75%) disease-free at 6 months and 7 of 13 (54%) at 9 months in subjects with high-grade Ta/T1 papillary 

disease
! Treatment is well tolerated with no immune related AEs
! AE profile is generally consistent with what would be expected in subjects receiving BCG alone11

! Enrollment is actively proceeding
! N-803 + BCG demonstrates promising evidence of clinical activity in patients who failed BCG therapy, in both the CIS and 

papillary disease cohorts

! 90% of AEs observed are grade 1 or 2
! The most common AEs (AEs occurring in ! 2 subjects) are: 

– Chills – Hematuria
– Pain or burning on urination – Hypertension
– Abdominal cramps – Nausea
– Bladder spasms – Urgency

! 5 SAEs have occurred, unlikely related to N-803
! No immune related AEs have been observed to date
! Safety data collection ongoing

N-803 + BCG Safety 

! This trial is a phase 2, open-label, single-arm, multicenter 
study of intravesical N-803 plus BCG in patients with BCG-
unresponsive NMIBC (NCT03022825). The detailed study 
schema is shown in Figure 3

! Two patient cohorts: 
(1) "#$%&'()*+,'*-.)/#01/23-45/,(/3-45,&4/67869/

+7+-::7(;/<-*)7*)=
>?@/"#$%&'()*+,'*-.)/5-A5%A(7<)/67/,(/69/+7+-::7(;/

<-*)7*)
Enrollment Criteria
! BCG-unresponsive NMIBC, defined as:

– Persistent or recurrent CIS (+/- recurrent Ta/T1 disease) 
within 12 months of receiving adequate BCG

– Recurrent high-grade Ta/T1 disease within 6 months of 
completion of adequate BCG

– T1 high-grade disease at the first evaluation following an 
induction BCG course alone

! ECOG status 0 – 2 and life expectancy > 2 yrs
! Absence of resectable disease after transurethral resection 

(TURBT) procedures 

Previous Studies of N-803 in NMIBC

Augmenting Immunity With an IL-15 Superagonist: N-803 (Figure 1)

! B()C:-'-C7:/<747/57.)/*5,3'/4574/D%EFG/7C4-.74)*/DH/C)::*/7'</()<&C)*/4&I,(/J&(<)'/35)'/C,IJ-')</3-45/"#$E

! In a phase 1b trial in patients with BCG-naïve NMIBC (n = 9), N-803 plus BCG induced a complete response (CR; 
patients with CIS) or no recurrence (NR; patients with Ta or T1 high-grade papillary disease) for 24 months. 
(NCT02138734)9 (Figure 2)

Background
BCG-Unresponsive NMIBC

Results

!63 subjects have been enrolled to date (Table 1). Enrollment is ongoing
!Cohort 1: 18 of 20 (90%) subjects in the CIS with or without Ta/T1 papillary disease cohort have had a CR
!Cohort 2: 12 of 16 (75%) at 6 months and 7 of 13 (54%) at 9 months remain disease free (DF) in the high-grade Ta/T1 papillary 
disease cohort to date

Efficacy
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Figure 2:
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N-803 earned Fast Track designation from the 

FDA based on the strength of these results.

First-in-Class IgG1-Fc IL-15 Cytokine Agonist

IL-15 N72D mutation enhances 
binding to IL-2Rb, driving proliferation 
and activation of NK and T cells

Increases half-life and lymphoid recycling 
and distribution

IL-15N72D

IgG1 Fc

IL-15R!

N-803  

Allows transpresentation selectively to 
IL-2R"# chain of NK and CD8+ T cells 
without expansion of Tregs

N-803 promotes natural killer (NK) and CD8+ T-cell 
expansion and activation in vivo without expanding 

immunosuppressive regulatory T cells6,7

Figure 1:
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! New noninvasive treatment options are greatly needed

! V,3).)(U/()C&(()'C)/(74)*/S,(/5-A5%(-*T/C7*)*/I7;/J)/W/
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! No serious adverse 
events (SAEs) and no 
grade > 3 adverse 
events (AEs)

! An 89-year old, BCG-
unresponsive patient 
received N-803 + BCG 
under a single patient 
IND (compassionate 
use) starting in June 
2015 (received 6 weekly 
intravesical doses) and 
showed durable 
response for 33 
months10

!"#$#!%&'()*)#")+'%,+)-#."#$#.%#")/011),/)-#2!#$#2,/%,/(0+34)-#.5#$#.%*#5%,)-#.%#!"#$#.%#!%&'()*)#")+'%,+)#

Figure 3: Study Schema
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CR, complete response; NR, no recurrence; PD, progressive disease; RD, recurrent disease. For the CIS with or without Ta/T1 papillary disease 
cohort, CR is defined as negative cystoscopy and negative (including atypical) urine cytology; or positive cystoscopy with biopsy-proven benign or 
low-grade Ta NMIBC and negative cytology; or negative cystoscopy with malignant urine cytology if cancer is found in the upper tract or prostatic 
urethra and random bladder biopsies are negative. For the high-grade Ta/T1 papillary disease cohort, disease-free is defined as absence of high-
grade Ta (excluding low-grade Ta), any grade T1, persistent or new CIS, disease progression, cystectomy, change in therapy, and death (any cause). 

Subject ongoing treatment Progressive or recurrent disease

Table 1: Efficacy Assessments Per Subject
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Analysis of metastatic SCLC tumor biopsies and a panel of SCLC cell lines showing 
expression of NK-related genes across the subtypes of SCLC
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Figure 1. Neuroendocrine SCLC express fewer factors that are inhibitory to NK cells. (A) Immunofluorescent staining of
NCAM1 and MHC-class I proteins in SCLC tissues of a tumor microarray (NCAM1 ¼ red, MHC-class I ¼ white, DAPI ¼ blue).
Images representing tumor cases that are POS for NCAM1 and NEG for MHC-class I; double POS for NCAM1 and MHC-class I;
NEG for NCAM1 and POS for MHC-class I; and double NEG for NCAM1 and MHC-class I. (B) Quantification of 80 SCLC tumors
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Figure 1. Neuroendocrine SCLC express fewer factors that are inhibitory to NK cells. (A) Immunofluorescent staining of
NCAM1 and MHC-class I proteins in SCLC tissues of a tumor microarray (NCAM1 ¼ red, MHC-class I ¼ white, DAPI ¼ blue).
Images representing tumor cases that are POS for NCAM1 and NEG for MHC-class I; double POS for NCAM1 and MHC-class I;
NEG for NCAM1 and POS for MHC-class I; and double NEG for NCAM1 and MHC-class I. (B) Quantification of 80 SCLC tumors
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(A) Heatmap expression of ASCL1, NEUROD1, POU2F3, YAP1, and genes relevant to NK activity in 88 SCLC tumor biopsies 
obtained from 62 patients with metastatic SCLC previously analyzed by RNA-Seq analysis. NK activating receptor and NK 
gene signature expression are variable across tumors, and YAPPOS tumors are enriched in NK inhibitory receptors. (B) 
Heatmap of expression of selected NK activating and NK inhibitory ligand genes as determined by quantitative reverse 
transcription PCR across a panel of 8 SCLC cell lines chosen for use in in vitro experiments (NE = neuroendocrine; non-
NE = non-neuroendocrine). Values illustrated correspond to log2-transformed gene expression relative to the control gene 
GAPDH in each cell line. (C) Neuroendocrine (DMS79, H69) and non-neuroendocrine (DMS114, H841) SCLC cells were 
assayed for susceptibility to NK cells at an effector to target (E:T) ratio of 10:1 in a 24-hour assay. Non-NE SCLC was 
completely refractory to lysis by NK cells. ****p<0.0001 comparing NE versus non-NE by unpaired t-test. Data illustrated are 
representative of n = 8 healthy NK donors. Fousek et. al., J Thorac Oncol. 2023 Mar;18(3):350-368
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