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14. ABSTRACT
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Relevance: Non-small cell lung cancer (NSCLC) constitutes 85 percent of all lung cancers with systemic
chemotherapy as the major treatment option. This cancer affects all major cross sections of the population in the
US including military service members, veterans, their families, and other military beneficiaries. The standard front-
line and maintenance therapies for non-squamous NSCLC rely heavily on pemetrexed (PEM) but the response to
PEM is highly variable. Our preliminary data indicate that the dexamethasone (Dex), given to prevent PEM toxicity,
may interfere with such treatment, mediated by the glucocorticoid receptor (GR) present in many tumors.
Furthermore, work in our laboratories has shown that extended Dex treatment induces irreversible cell cycle
blockade and senescence, which itself my therapeutic. Also, induction of cellular senescence may contribute to
tumor sensitivity to the treatments, by mobilizing immune response against the tumors. We have assessed if this is
a significant clinical issue using the experimental tracer, 3'-fluoro-3'-deoxy-thymidine ( FLT) (IND #105034), for
positron emission tomography (PET), which we developed. FLT-PET will be used to determine if Dex, by
interfering with proliferation in GR-positive tumors could make them resistant to PEM and help induce senescence.
Background: PEM targets thymidylate synthase (TS) and other synthetic enzymes in folate metabolism, thus
inhibiting DNA synthesis. Dex, which acts through the GR, is typically administered on the days prior to, during and
following PEM chemotherapy mainly to alleviate PEM-induced severe skin rash. Our studies of a panel of NSCLC
cell line models have shown that Dex frequently arrests cells in the early G1 phase of the cell cycle. We have
found in cell lines the effect of Dex leads to decreased FLT retention. This was confirmed by PET imaging in our
first pilot patient, who demonstrated a marked decline of FLT retention after Dex treatment. As a result of pre-
treatment with Dex, the cytotoxicity of PEM is abrogated in cell lines with high GR. We have also reported
progressive, irreversible loss of clonogenic growth, whose time of onset was dependent on GR level and Dex dose,
was due to transcriptional activation of p27€*by Dex (M. Patki, Scientific Reports, 2018 PMID 30375484). The in
vitro observations were reflected by growth suppression and p27XP! induction in GR-overexpressing tumor
xenografts compared with isogenic low-GR tumors. Additional data indicates that specific chemokines secreted by
the senescent tumor cells attract and activate immune cells. Therefore, Dex treament could improve outcome of
surgery and pemetrexed chemotherapy and sensitize tumors to immunotherapy.

Hypotheses: In many NSCLC patients, the antimetabolite-based modality of PEM-based chemotherapy that
includes Dex could be futile or minimally effective because of the ability of Dex to cause reversible tumor cell cycle
arrest in G1 phase. We have tested the hypothesis that Dex can block proliferation in patients using FLT-PET
imaging and that this may be associated with loss of the pharmacodynamic response to PEM and tumor
senescence.

Aims: We have applied FLT-PET imaging as a functional approach to assess the immediate effect of Dex on
NSCLC and also assess the effect of prolonged Dex treatment as a means of inducing tumor senescence. Patients
with advanced, chemotherapy naive non-squamous NSCLC patients were imaged at baseline and after the start of
Dex to determine whether Dex produces S-phase suppression. One cohort stopped Dex at day 3 and was imaged
1-2 weeks after the last dose to assess recovery of proliferative capacity. A second cohort continues Dex for 14
days to determine if longer term treatment leads to senescence, as measured by repeat FLT-PET 6-8 days after
the two week treatment.

Clinical Impact: These FLT-PET imaging studies with Dex provide results predicting response in a minority of
advanced NSCLC patients to Dex. In patients on treatment for advance disease, Dex may abrogate the effect of
chemotherapy and/or stimulate immunotherapy. In patients refractory to many treatments, Dex alone may provide
some antiproliferative benefit, but this will require the development of a simple molecular marker to select such
patients and further trials
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1. Introduction

We have previously shown that Dex co-administered to lung adenocarcinoma patients with pemetrexed
chemotherapy, protects against pemetrexed cytotoxicity by inducing reversible G1 arrest, reflected by the
effect of Dex on FLT-PET images of in mice with implanted GR positive cell lines and patient tumors. In
cells with GR expression corresponding to higher clinical tumor levels, Dex-induced growth arrest was
followed by marked cell expansion. We have also reported progressive, irreversible loss of clonogenic
growth, whose time of onset was dependent on GR level and Dex dose, was due to transcriptional
activation of p27XPby Dex (M. Patki, Scientific Reports, 2018 PMID 30375484). The in vitro observations
were reflected by growth suppression and P27Kipl induction in GR-overexpressing tumor xenografts
compared with isogenic low-GR tumors.

Extended Dex treatment induces irreversible cell cycle blockade and a senescence phenotype through
chronic activation of the p27Kipl gene in GR overexpressing lung tumor cell populations. Additional data
from the co-PI's lab indicates that specific chemokines secreted by the senescent tumor cells attract and
activate immune cells. Therefore, Dex treament could improve outcome of surgery and pemetrexed
chemotherapy and sensitize tumors to immunotherapy.

2. Keywords

Non-small cell lung cancer (NSCLC), dexamethasone (Dex), 3'-fluoro-3'-deoxy-thymidine ( FLT), positron
emission tomography (PET), glucocorticoid receptor (GR), pemetrexed (PEM)

3. Accomplishments

We have imaged five patients with two different Dex treatment/imaging schedules (schemas in Appendix). All
were imaged at baseline and on day 3 of Dex 4 mg bid. Of the 5 patients 4 had a change in maximum
standardized uptake value (SUVmax) within the range of reproducibility of FLT uptake (+/-10%). Actually, one
patient with two quantifiable lesions the one in the chest changed by -9.28%, while the adrenal lesion changed by
+9.24%. One patient had a change of -34.3%, but as noted below this was not sustained when Dex was stopped
after 14 days and the patients was reimaged (change from baseline only -5.36%)

The first three patients had Dex stopped and were imaged again 6-9 days after completing Dex. While none had
significant declines in FLT activity while on Dex at day 3, one patient had a decrease from baseline of 23.8% and
37.1% of the two measured lesions (this image was delayed for technical reasons until 17 days after stopping
Dex).

Two patients had Dex 4 mg bid continued for 14 days and then Dex was stopped. They were then imaged again 6
days after completing the drug. As previously noted, one patient had a marked decline in SUVmax of 34.3% on
day 3, but activity returned to near baseline after Dex was stopped on day 14 and reimaged 6 days later (-5.36%).
The other patient had stable FLT activity on day 3 (-8.29%) but it changed by +22.6% compared to baseline 6
days after stopping Dex.

In summary, we found variable uptake of FLT in patients during Dex (day 3) of treatment, but only one of five had
a marked decline. Furthermore, declines in FLT activity after completing 3 or 14 days of Dex was only seen in
one patient.
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SUVmean: 3.88 3.38 2.99
range: (1.75-7.87) (0.97 - 7.14) (0.98-6.00)
%Diff:
(Scanl vs Scan2) (Scan2 vs Scan3) (Scan1 vs Scan3)
SUVmax =-9.28 SUVmax =-16.0 SUVmax =-23.8

Figure 1. Images and quantitation for lung lesion in patient 2. The patient was scanned at baseline (scan 1),
one day 3 of Dex 4 mg bid, and then 17 days after stopping Dex. Further images and results above and in
Appendix.

4. Impact

Fluorothymidine-positron emission tomography (FLT-PET) imaging is a functional approach to assess the
affect of dexamethasone (Dex) on non-small cell lung cancers (NSCLC). It demonstrates that Dex can
decrease tumor proliferation in a minority of patients in this pilot study. Dex treatment 4 mg bid has been
shown to improve symptoms in patients with advanced lung cancer, but the impact of this change is quite
variable and a good predictive marker is need to help select patients likely to benefit from Dex treatment. This
might be integrated with new genomic testing, now including full transcriptome at KCI, which could be used to
assess GR levels and other markers.

5.Changes/Problems

One notable issue is the change in the treatment paradigm for lung cancer over the last few of years. Our
initial protocol was designed with the standard use of chemotherapy, most commonly pemetrexed and a
platinum, in mind. We continue to expand the use of targeted therapies, but more importantly,
immunotherapy has become the standard of care, even for first-line treatment of NSCLC. One often
combines anti-PD-1 immunotherapy with the chemotherapy, which has been shown to improve outcomes
in randomized trials. Hence, our initial plan to combine Dex with chemotherapy alone was no longer
current. We altered to plan to study more prolonged therapy with Dex. Preliminary results have
demonstrated that this may lead to senescence and may provide a complementary approach to both
chemotherapy and immunotherapy.

We still have had problems in recruitment and our colleagues downtown and in the community identified
two patients interested and apparently eligible for the study in the last two months. We then found that
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they had diabetes and hence were not eligible to get Dex. We believe that patients with advanced lung
cancer and well-controlled diabetes have little risk from Dex. We amended that protocol to allow
hemoglobin Alc levels of <8% to expand the pool of patients including those who will receive prolonged

Dex on the separate study.

6. Products

Nothing to Report
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multidisciplinary clinical research provides the best treatment option for patients with cancer. Our goal over the
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research network within the State of Michigan.
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Cancer Center Support Grant
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ELK-1 Targeted Molecules as a New Paradigm for Prostate Cancer Treatment
Testing the hypothesis that small molecules may be used to disrupt the ELK1-AR interaction and
selectively suppress growth signaling by AR in PC/CRPC cells.
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Treatment scheme and images with quantitation:
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Scan 2: After the 5" dose of Dexamethasone

Scan 3: Final scan 6-9 days after the last dose of Dex.

Resume Dex
Desired

Dex (4 mg bid) may be resumed if agreed to by the patient and MD.
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Scan 1: Baseline FLT-PET imaging within 7 days before Dex treatment.



FLT- PET/ CT : Dex - Patient #1
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SUVmean: 1.22 1.27 1.21
range: (0.87 —1.79) (0.85 — 1.85) (0.76-1.74)
%Diff:
(Scan1 vs Scan2) (Scan2 vs Scan3) (Scan1 vs Scan3)

SUVmax = 3.35 SUVmax = -5.95 SUVmax =-2.79



F-18 FLT (DEX ) Patient #2 -Tumor 1
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F-18 FLT (DEX) Patient #2 - Tumor 2
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SUVmean: 4.61 4.55 2.91
range: (1.81-6.77) (2.09 — 7.40) (1.51-4.26)
%Diff:
(Scan1 vs Scan2) (Scan2 vs Scan3) (Scanl vs Scan3)

SUVmax =9.24 SUVmax =-42.4 SUVmax =-37.1



F-18 FLT (DEX) Patient #3

SUVmean: 5.63 5.51 6.72
range: (2.05—-6.14) (1.60 — 5.75) (2.13 - 6.85)
%Diff:
(Scani vs Scan2) (Scan2 vs Scan3) (Scani vs Scan3)

SUVmax =-6.35 SUVmax = 19.1 SUVmax = 11.6



Treatment Plan #2

Baseline FLT-PET STOP Final FLT-
FLT-PET Scan DEX PET Scan
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2 Desired

Oral Dex (4 mg) Twice Daily

Scan 1: Baseline FLT-PET imaging within 7 days
before Dex treatment

Scan 2: After the 5" dose of Dex on Day 3
Continue Dex for total of 14 days

Stop Dex

Scan 3: Final scan 6-8 days after the last dose of
Dex

Dex (4 mg bid) may be resumed if agreed to by the
patient and MD



F-18 FLT (DEX) Patient # 4
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SUV mean: 2.25 1.41 2.03
range:  (1.50 - 2.80) (0.91-1.84) (0.95-2.65)
%Diff:
(Scan1 vs Scan?2) (Scan2 vs Scan3d) (Scan1 vs Scan3d)

SUVmax = -34.3 SUVmax =44.0 SUVmax = -5.36
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SUV mean: 1.51 1.41 1.74
range:(0.85 - 2.17) (0.75 —-1.99) (0.90 - 2.66)
%Diff:
(Scani vs Scan2) (Scan2 vs Scan3) (Scani vs Scan3)

SUVmax = -8.29 SUVmax = 33.7 SUVmax = 22.6



