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CONCLUSIONS

• NT219 is a small molecule that promotes insulin receptor 
substrate 1/2 (IRS) degradation and suppresses STAT3 
phosphorylation, two major complementary signaling 
pathways that play a key role in cancer and drug resistance. 

• NT219 and αPD1 combination converted immuno-
suppressive TME to immunoreactive (AACR 2023), revealing 
significant enhancement in the cytotoxic T cell and NK cell 
infiltration and activation, paralleled with a significant 
decrease in the immunosuppressive subsets such as the T 
regulatory cells, M2 macrophages and MDSCs (Figure 1).

• Previously we reported suppression of melanoma and 
gastroeasophageal (GEJ) tumors by the combination in 
several αPD1-refractory models (Figure 2).

• Here we present immune evasion mechanisms in HNSCC, 
including upregulation of STAT3, IRS1/2 and -catenin, cancer 
stem cells (CSC), and cytokine secretion (e.g. IL-10), which 
NT219 efficiently suppressed, converting refractory tumors to 
responsive and delaying tumor recurrence.

Tumor microarray (TMA) HN804 (Biomax), containing 54 HNSCC, 9 metastatic, and 11 normal tissue cases, was 
analyzed for NT219 direct- and indirect- targets by IHC. NT219 and cetuximab effect on CSC was assessed 
using 3D spheroid assay of HPV-negative HNSCC lines, evaluating size (microscopic measurements), cell 
viability (CellTiterGlo) and stemness marker expression (FACS analysis). Ex-vivo HNSCC patient-derived tumor 
explant (PDE), treated with NT219 and/or nivolumab was analyzed for efficacy and cytokine secretion. In-vivo 
efficacy was tested in a stem cell-enriched (NutriStem®) patient-derived xenograft. 

• NT219 mitigates several immune evasion mechanisms including Cancer Stem Cell-mediated resistance and 
resulting tumor recurrence and sensitizes resistant HNSCC tumors to PD1 and EGFR therapies. 

• NT219 inhibits major targets and signaling pathways playing a key role in tumor immune evasion, including 
STAT3 and IRS-to--Catenin pathway.

• In clinical setting, upregulation of pIGF1R and pSTAT3 were correlated with patient response and suggested 
as potential biomarkers for NT219 treatment.

• These data demonstrate the potential of NT219 to restore the efficacy of immunotherapies                        
and expand the patient population that can benefit from these drugs.

❖ NT219 synergizes with PD1 to reverse nivolumab-induced immunosuppressive 
effect in patient-derived HNSCC explant

Figure 6: Combination of NT219 and Nivolumab induced synergistic PDE HNSCC cell death (A), anti-cancer immuno-cytotoxic activation (B,C), and 
blocked Nivolumab-induced immunosuppressive effects (D,E).

❖ A significant upregulation of STAT3 phosphorylation and IRS1/2 are observed in 
HNSCC tumors and TME as compared to normal tissues and per tumor stage

A-C. Enhanced IRS2 Extent & Intensity at the TME (TILs and Fibroblasts) of HNSCC vs Normal Tissues

Figure 4: A significant upregulation of STAT3(Y705) phosphorylation (pSTAT3), IRS1/2 and activated -catenin were detected in HNSCC. IHC of HNSCC tumor 
microarray (Biomax HN804) containing 57 squamous cell carcinoma, 8 metastatic squamous cell carcinoma, and 11 normal head and neck tissues, single core per 
case, were stained for IRS2 (A, B, C), phosphorylated(Y705)STAT3 (D, E, F), and activated (non-phosphorylated) -catenin (H). Similar results were obtained for IHC 
of another HNSCC TMA (Biomax HN721), stained also for the inhibitory pSer1101-IRS1 (G).

B. Analysis per Tumor Stage

G. Decreased IRS1 Ser1101 Inhibitory Phosphorylation in Late Stages of HNSCC

❖ NT219 significantly suppresses cancer stem cell (CSC) viability and delays HNSCC 
tumor recurrence

Figure 7: NT219 significantly reduced CSC viability (82% reduction, P<0.001) in HNSCC SCC-9 established spheroid (A). Synergistic effect was observed with NT219 and 
cetuximab combination reducing CSC viability (94% reduction), size (100% disintegration) (B), and integrity (C) while cetuximab had no effect (P<0.001). Inhibitory 
effect was also demonstrated in established HNSCC FaDu spheroids including internal OCT3/4, NANOG, SOX2 (D2) and external ALDH, CD166, CD44 (D1, D3) major 
stemness markers. NT219 suppressed tumor growth in a PDX model of HN002 primary cells enriched with stem cells injected SC to Nod-Scid mice (E) and delayed  
tumor recurrence (F).

C. Effect of spheroid integrity

A. Effect on spheroid
viability

B. Effect on spheroid 
volume E. Effect on tumor growth in a stem cells enriched 

PDX model
D. Effect on cancer stemness markers

F. NT219 delays tumor recurrence 

In a HNSCC PDE which 
showed no response 
to nivolumab, NT219 
and nivolumab 
combination induced 
synergistic tumor cell 
death (cResponse 66) 
accompanied by 
immuno-cytotoxic 
activation (10-fold and 
1.5-fold increase of IL2 
and granzyme B). 
Nivolumab-induced 
immunosuppressive 
effects (8-fold increase 
of IL-10, 2-fold 
decrease of TNF) 
were completely 
blocked by the 
combination.

D3. Effects on HNSCC External Stemness Markers

D2. Effects on HNSCC Internal Stemness Markers

D1. ALHDH stemness marker expression n HNSCC lines

H.     Increased Activated (non-phosphorylated) -
catenin in HNSCC Tumor Cells and TME Fibroblasts

Figure 1: 
NT219+αPD1 
converted 
immuno-
suppressive to 
immune 
reactive TME

Figure 2: NT219
Re-sensitized 
Refractory GEJ 
tumor to 
keytrudain 
patient-derived 
xenograft (PDX) 
model

C. IHC ExamplesA. Statistically significant difference

Normal H&N Tissues

HNSCC Tissues

D-F. Enhanced STAT3(Y705) Phosphorylation in the Tumor and TME (TILs and Fibroblasts) of HNSCC vs Normal Tissues

E. Analysis per Tumor Stage F. IHC ExamplesD. Statistically significant difference

Normal H&N Tissues

HNSCC Tissues

Tumor Stage Normal  II      III      IV

Normal H&N Tissues

HNSCC Tissues

Figure 5: IHC of Activated IGF1R (pIGF1R) and Activated STAT3 (pSTAT3) IHC in patient biopsies as potential biomarkers for NT219 based therapy. In a phase 1 study 
of HNSCC patients treated with NT219 effective dose (50-100 mg/kg) and cetuximab standard dose weekly. Significant differences in membrane phosphorylated-
Y1161 IGF1R (pIGF1R) & nuclear phosphorylated-Y705 STAT3 (pSTAT3) were observed in 2 responders (partial response, PR) compared to the 4 progressed disease 
(PD) and 1 stable disease (SD) pts.
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❖ Clinical results suggest NT219 targets, pSTAT3 & pIGF1R, as potential biomarkers in 
HNSCC
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❖ NT219 is a degrader of IRS1/2 blocking IGF1R-to-AKT and -catenin signaling

❖ Turning off STAT3 by NT219 in HNSCC

Figure 3: NT219 induced a dose-dependent (A), a quick onset (B) and sustained STAT3(Tyr705) dephosphorylation (C), 
which was completely blocked by phosphatase inhibition (D). We further show that treatment of HNSCC cells (FaDu) 
with NT219 enhanced expression of two major STAT3(Y705) phosphatases PTPRD and PTPRT, supporting sustained 
effect. We also demonstrate reduction of IRS1 expression by NT219.
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NT219 eliminates IRS and 
phospho-STAT3 in SCC-9 HNSCC 

NT219 inhibits IRS to     
-catenin signaling
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