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1. Introduction

A mechanism of resistance to EGFR inhibitors (EGFRI) in EGFR-positive (+), non-small cell lung cancer
(NSCLC) is histologic transformation whereby resistant tumors acquire molecular and phenotypic traits of
Small Cell Lung Cancer (SCLC). Genetic alterations associated with this transformation include loss of TP53
and RB function, activating PIK3CA mutations, and EGFR and c-MYC amplification. It has been demonstrated
that EGFRIi can induce senescence in EFGR+ cancer cells. This form of tumor dormancy poses risk of
recurrence since senescent tumor cells can persist, eventually resuming proliferation by escaping senescence.
The senescence state is associated with significant genomic instability and aneuploidy; therefore, we posit that
genomic alterations that occur during senescence can be transmitted to daughter cells, contributing to the
EGFRi-resistant phenotype. Specifically, we hypothesize that loss of RB function associated with EGFRI
resistance is caused by genomic alterations that occur during senescence. This project sought to confirm that
EGFRi inhibitors induce a senescent state associated with genomic alterations that could contribute to
resistance. Recognizing the threat posed by persistent senescent tumor cells and the reality that EGFR+
patients relapse on EGFRi monotherapy, we also tested and identified senolytic therapeutics that can Kill
EGFRi-induced senescent cancer cells. Ongoing studies are testing intermittent dosing of senolytics in
combination with EGFRi in mouse models of EGFR+ lung cancer to improve progression-free survival by
attenuating senescent cell accumulation. This proposal is highly translational and has the potential to positively
impact the survival and quality of life of military members facing a lung cancer diagnosis.

2. Keywords
EGFR mutant NSCLC, Osimertinib, Senescence, Tumor dormancy, Drug resistance, Senolytics,
Retinoblastoma, Histologic transformation.



3. Accomplishments

MAJOR GOALS

Task 1 - Prove that EGFR inhibition induces senescence in EGFR+ NSCLC cancer cell lines.
MILESTONES: Establish that (a) erlotinib induces stable senescence in vitro and in vitro, and (b) that genetic
ablation of RB modulates the rate of senescence escape.

Milestone (a) has been completed (100%) for cell-based studies. In vivo studies in mouse models of EGFR+
cancer are ongoing (20% complete). Milestone (b) has not been achieved due to technical challenges caused
by an inability to perform lentiviral infections in EGFRIi-induced senescent cells, and / or loss of senescent cells
following siRNA-RB genetic modulation.

Task 2 — Characterize genomic alterations that occur during senescence and senescence escape in
EGFR+ NSCLC.

MILESTONES: (a) Contrast the genomic landscape of proliferating EGFR+ cells versus, EGFRi-mediated
senescent cells, versus RB-deficient cells that escape from senescence. (b) Investigate whether senescence
escape via RB silencing promotes a molecular genotype comparable to SCLC.

Milestone (a) is 30% complete. Genomic DNA has been extracted from EGFRi-induced senescent cancer
cells, although the quality and quantity of the recovered material has not been suitable to generate a library for
whole genome sequence, and RNA-seq analysis. Current effort is focused on increasing the number of
senescent cells to improve yield and quality of recovered nucleic acids. Milestone (b) has not been achieved
due to technical challenges caused by an inability to perform lentiviral infections in EGFRIi-induced senescent
cells, and / or loss of senescent cells following siRNA-RB genetic modulation.

Task 3 — Test the vulnerability of erlotinib-induced senescent cancer cells and cells that have escaped
senescence to death-inducing therapies (SENOLYTIC molecules).

MILESTONES: Determine the vulnerability of EGFRi-induced senescent, and SCLC-transformed EGFR-
mutant lung cancer cells to therapeutics that target the molecular vulnerabilities of senescent cancer cells and
RB-deficient cancer cells.

Due to technical challenges caused by an inability to perform lentiviral infections in EGFRi-induced senescent
cells, or perform post-infection analyses, this task was modified to determine therapeutic vulnerabilities of
EGFRIi-induced senescent cancer cells and has been completed (100%). /n vivo studies to evaluate the anti-
tumor efficacy of senolytic consolidation therapy in combination with intermittent EGFRI therapy have not been
initiated.




MAJOR ACTIVITES - during the funding period related to (a) verifying that EGFRi causes senescence in
cancer cells following prolonged treatment, (b) characterizing the rate of spontaneous escape from EGFRI-
induced senescence (resumption of proliferation), (c) testing the response of EGFRIi on senescent cancer cells
to determine efficacy, and (d) evaluating the anti-cancer efficacy of potential senolytics in EGFR+ senescent
cancer cells. Other major activities that were unsuccessful, or are partially complete include, (e) infecting
EGFRIi-induced senescent cancer cells with human RB1 siRNA to test the hypothesis that loss of RB
accelerates escape from senescence, and (f) extraction of genomic DNA and RNA from EGFRi-induced
senescent cancer cells to evaluate genome-wide alterations that may occur upon senescence induction.

SPECIFIC OBJECTIVES - Goals for the funding period are to prove that EGFR inhibition induces senescence
in EGFR+ NSCLC cancer cell lines: to determine if senolytic therapies cause cell death in EGFRi-induced
senescent NSCLC , and to investigate if EGRFi-mediated senescence and senescence escape cause genetic
alterations, particularly those involving the RB or TP53 locus.

SIGNIFICANT RESULTS / KEY OUTCOMES - We have established the conditions for osimertinib-induced

senescence in EFGR+ NSCLC.
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inhibitor therapy, calling into question the clinical utility of continuous EGFRi-therapy in patients.
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FIG 2: Senolytic Efficacy in Osimertinib-Induced Senescent EGFR+ Cells (HCC827). Cells were exposed to 2uM Osimertinib
g2dx5 to induce senescence. 12 day-old cells were then seeded onto 96-well plates to test the efficacy of various molecules for
senolytic activity over 72h (dashes lines = senescence). Efficacy was also evaluated in proliferating HCC827 cells (solid lines =
proliferating). Effect was determined as % of DMSO controls and 1 = 100% cell kill (senolysis). Efficacy of known senolytics
(navitoclax and HDACi) are shown.

We evaluated the senolytic efficacy of several classes of molecules in senescent EGFR+ cells (FIG 2).
Consistent with other reports, CGs, YAP inhibitors and the flavonoid quercetin (currently in clinical evaluation
with dasanatib) demonstrated senolytic activity in senescent EGFR+ cells. These data have also been
generated for 2 additional EGFR+ cell lines, H1975 and H1650 (not shown).

GOALS NOT MET - We hypothesize that 2"-line senolytic consolidation will improve survival and circumvent
osimertinib resistance (via eradication of senescent cells). A xenograft model will be used to test several arms
of senolytic candidates selected from our pilot studies in EGFR+ senescent cells (FIG 2). Daily osimertinib will
be used to induce minimal residual disease (see schema). Mice will be randomized into cohorts for senolytic
consolidation (1-week: recommended MTD). Depending on efficacy and toxicity, osimertinib dosing will resume
for 1 additional week followed another week of senolytic therapy. Treatments will be discontinued and mice
monitored for tumor re-growth and toxicity. Data from this experiment will be curated to select the most
efficacious senolytic(s) and schedule for additional evaluation in 2 EGFR+ PDX models, as well as monitoring
cumulative toxicity from histology, CBC, behavioral phenotyping and body condition metrics.
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challenges in our efforts to characterize genomic alterations that occur during senescence and senescence
escape in EGFR+ NSCLC, and genetic modulation of retinoblastoma in EGFR+ senescent cells. Genomic
DNA has been extracted from EGFRi-induced senescent cancer cells, although the quality and quantity of the
recovered material has not been suitable to generate a library for whole genome sequence, and RNA-seq
analysis. Current effort is focused on increasing the number of senescent cells to improve yield and quality of
recovered nucleic acids. We have also met with considerable_technical challenges genetically manipulating




senescent cells, and or performing activating a CrispR-RB transgene once cells become stably senescent.
Efforts are ongoing to circumvent these challenges.

OPPORTUNITIES FOR TRAINING AND PROFESSIONAL DEVELOPMENT — Nothing to report
RESULTS DISSEMINATED TO COMMUNITIES OF INTEREST - Nothing to report

PLAN DURING THE NEXT REPORTING PERIOD TO ACCOMPLISH THE GOALS - This is the final report.
Experiments described in the “goals not met” section will be performed. Alternate funding sources will be
sought to continue these important studies.

4. Impact

We seek to identify a specific phase of lung cancer treatment enriched for dormant (senescent) tumor cells .
This phase could be vulnerable to cellular and / or genomic programming: thereby permitting these tumor cells
to persist and resume proliferation could propel clinically recalcitrant disease. The study seeks to confirm that
this senescence dormancy phase exists and will test the efficacy of senolytic therapeutics that can eradicate
these cancer cells during treatment. We posit that intermittent dosing of senolytics could be beneficial in
EGFR+ lung cancer and improve progression-free survival by limiting senescent cell accumulation. Based
on the clinical reality that EGFR+ patients relapse on EGFRi monotherapy, we will extrapolate these studies to
test in vivo, with the long-term goal of translating to clinical evaluation in our Bronx population, and in particular
individuals diagnosed with EGFR+ lung cancer following active military service and potential exposure to
carcinogens (e.g. fire pit exposure). Overall, the research outlined here is highly translational and has the
potential to positively impact the survival and quality of life of military members facing a lung cancer diagnosis.
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