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FAST FACTS 
 
Objectives 
The purpose of this study is to assess the effect of the corticosteroid dexamethasone (Dex) in patients 
with non-squamous Non-Small Cell Lung Cancer (NSCLC). This will be conducted using 3’-
fluorothymidine (FLT) positron emission tomography (PET) done under ongoing imaging protocol 2006-
127. The principal objective will be to compare tumor maximum, mean and peak standardized uptake 
values (SUVmax, SUVmean and SUVpeak), at baseline and after Dex treatment using FLT-PET 
imaging under ongoing imaging protocol 2006-127.  
 
Correlative Studies 

1. Patients will undergo three FLT-PET scans:  
i. Scan 1: Before Dex treatment, for a baseline 
ii. Scan 2 either on day 3 or 13-14 of Dex: Image patients on Dex 4 mg bid to assess anti-

proliferative effect. Patients will continue Dex for 14 days total to evaluate the effect on 
senescence and then stop Dex for 7 days.   

iii. Scan 3 after discontinuation of prolonged Dex treatment: Treat patients for 14 days with 
Dex and then stop for about 7 days (day 6-8) and reimage the patients determine if Dex 
induces irreversible senescence when given for 14 days. 

2. Tumor Glucocorticoid Receptor α expression (GRα) will be assessed from tumor tissue, pre-
treatment obtained for initial diagnosis and as part of routine care.  

3. Blood samples will be collected at the time of each imaging to measure serum Dex 
concentration and T cell, NK cell and monocyte cell counts and activation status and, plasma 
senescence markers as described below. 

 
Key Inclusion/Exclusion Criteria 

1. Patients must have histologically or cytologically proven non-squamous NSCLC. Patients may 
have newly diagnosed, recurrent, progressive or refractory or non-refractory disease which may 
be localized or wide spread. 

2. Measurable disease with at least one lesion  >2 cm on CT/MR. 
3. No chemotherapy for at least 4 weeks and no radiation to the index lesion or clear progression 

in previously radiated lesion (greater than 20% increase in longest diameter). 
4. Must be able to undergo three FLT-PET scans and sign consent for this protocol and FLT-PET 

protocol 2006-127.  
 

Treatment Plan 
 Pre-study history, performance status, physical examination, and blood tests within 6 weeks 

period before the start of the study.  A blood pregnancy test may be needed for females of 
childbearing potential. As described in the patient consent form. 

 Scan 1: Baseline FLT-PET within 7 days prior to the start of Dex treatment. 
 Oral Dex 4 mg twice daily  
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 Scan 2: Either on day 3 or 13-14 of Dex. 
 Continue oral Dex 4 mg twice a day for a total of 14 days 
 Scan 3: about 7 days (day 6-8) after the final dose of Dex. 
 After Scan 3: Dex 4 mg twice daily (chronic Dex) may resume based on treating physician’s 

discretion.  
 
Prominent Adverse Effects 
 
Dexamethasone: Headache, Nausea, Increased blood pressure, Mood changes, Increased 
susceptibility to infection.  
 
Correlative Markers: 

 GRα expression in tumor tissue will be measured from the most recent tumor sample available 
using either one or both of 1) optimized TaqMan probes to quantify GRα mRNA; and 2) semi-
quantitative immunohistochemistry to measure GR protein.   

 Blood (5 ml) drawn at the time of each scan will be used to prepare serum which will be frozen 
for analysis of Dex levels. 

 Additional blood samples (15 ml) drawn at each scan will be used for the following analyses:  
 Measurement of T cell, monocyte and NK cell numbers and activation status by multi-parametric 

flow cytometry  
 Measurement of various plasma cytokines and chemokines which will include, CCL2 (MCP-1), 

CCL4(MIP-1b), CXCL1 (GROa) and CXCL2 (GROb) using a multiplex cytokine array.    
 

 In summary, blood will be obtained at baseline, at every scan and 7-15 days after patients are 
started on chronic Dex treatment in patients wishing to continue on therapy. 
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I. OBJECTIVES 
 
1. Primary Objective: The primary objective of this pilot study is to evaluate the effect of 

dexamethasone (Dex) treatment in patients with non-squamous Non-Small Cell Lung Cancer 
(NSCLC) using 3’-fluorothymidine (FLT) positron emission tomography (PET) as measured by 
changes in tumor maximum standardized uptake value (SUVmax), SUVmean and SUVpeak. 

2. Secondary Objectives: 
i. Measure tumor Glucocorticoid Receptor α expression (GRα) from tumor tissue, when 

available.    
ii. Analyze blood samples obtained during imaging to determine:  

a. serum Dex concentration  
b. counts and activation status of peripheral blood mononuclear cells 
c. plasma levels of cytokines and chemokines associated with tumor senescence 

 
  

II. BACKGROUND 
 
1. Non-Small Cell Lung Cancer 

Lung cancer is the leading cause of cancer-related mortality in the United States, accounting for 
approximately 27% of cancer deaths (1). Over 80% of lung cancer patients have non-small cell lung 
cancer (NSCLC), the majority of whom present with advanced disease. NSCLC patients face an 
overall 5-year survival rate of only 18%, which falls to 4% in patients with metastatic disease. 
Current first-line treatment decisions for advanced non-squamous NSCLC are based on the 
presence of targetable genetic aberrations, such as sensitizing mutations of EGFR, BRAF, and 
MET, or translocations of  ALK and ROS1 genes. However, these oncogenic drivers are present 
in only up to 20% of patients, and for rest of the patients, treatment options include the PD-1 
inhibitor pembrolizumab either alone or in combination with platinum-pemetrexed chemotherapy 
(2, 3). The advent of immune checkpoint inhibitors has brought a paradigm shift in the 
management of advanced non-small cell lung cancer (NSCLC) with more than 2-fold 
improvement in median overall survival (mOS) in a subset of patients. However, inevitable 
development of resistance to these agents with eventual disease progression is a challenge. 
Therefore, novel treatment options are urgently needed.  

 
2. Dexamethasone  

As standard practice, patients undergoing pemetrexed-based chemotherapy are administered 4 mg 
of Dex twice daily starting the day before therapy and continuing until the day after treatment (4). 
The purpose of Dex in this context is to reduce the possibility of severe (grade 3 and 4) skin rash 
associated with pemetrexed therapy. In addition, Dex is frequently used as an anti-emetic for 
patients receiving combination therapy with cisplatin or carboplatin (5). The pharmacological actions 
of Dex are mediated by the glucocorticoid receptor (GR), which functions principally as a 
transcription factor (6). Regulation of gene expression by glucocorticoids produces a myriad of 
profound, tissue-specific cellular events (7). Glucocorticoid signaling controls cell proliferation and 
apoptosis, as well as inflammation and the inflammatory response (8, 9). The nature of the 
physiological response, as well as sensitivity to synthetic glucocorticoids such as Dex, is variable 
and tissue-dependent (10).  
 
In cancer cells, glucocorticoids can modulate cell growth, cell survival and cellular senescence in a 
cell type-specific fashion (11-13). Several studies have indicated that, unfortunately, Dex may 
attenuate the anti-neoplastic effects of the chemotherapy whose side effects it is being used to 
alleviate (13-16). This effect has been shown to occur by distinct mechanisms, depending on the 
type of tumor. In triple-negative breast cancer cells, for example, Dex strongly activates pro-survival 
signaling (14-16). Recent work in NSCLC cells has reported that Dex produces reversible arrest of 
tumor cells in the early G1 phase of the cell cycle, rendering the cells resistant to pemetrexed (13). 
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Moreover, Dex treatment decreases expression of the reduced folate carrier and proton-coupled 
folate transporter, the major transporters of pemetrexed into the cell. Our research in clinically 
relevant NSCLC cell lines including loss- and gain-of-function studies has demonstrated that GRα 
expression is the principal determinant of the ability of Dex to protect NSCLC cells against 
pemetrexed (13). An analysis of GRα in advanced NSCLC tumors found that there is an 
approximately equal distribution of tumors with high and low GR expression (17).  
 
In contrast to the above reversible effects of administering Dex for relatively short durations (24 h – 
72 h), recent studies have demonstrated that in cells with glucocorticoid receptor-α (GR) expression 
corresponding to higher clinical tumor levels, extended (2 weeks) treatment with Dex induced a 
senescence phenotype (18). Under these conditions, the initial Dex-induced growth arrest was 
followed by marked cell expansion, beta-galactosidase expression and Ki67 negativity, regardless 
of p53 and K-RAS status. Dex induced a transient early surge in p21Cip1. However, a progressive, 
irreversible loss of clonogenic growth, whose time of onset was dependent on GR level and Dex 
dose, was independent of p21Cip1and caused by gradual accumulation of p27Kip1 due to 
transcriptional activation of p27Kip1 by Dex. This effect was independent of canonical pathways of 
senescence or p27Kip1 regulation. The in vitro observations were reflected by growth suppression 
and P27Kip1 induction in GR-overexpressing tumor xenografts compared with isogenic low-GR 
tumors.  
 
Further unpublished studies have shown that induction of senescence by Dex was accompanied in 
high GR expressing lung adenocarcinoma cells by the release of select chemokines, including 
CCL2 (MCP-1), CCL4(MIP-1b), CXCL1 (GROa) and CXCL2 (GROb). The production of these 
cytokines continued even after withdrawal of Dex. Paracrine effects of the Dex treated cancer cells 
induced migration of monocytes, NK cells and T cells, expansion and activation of NK cells, tumor 
cell cytolytic activity in NK cells, a modest reduction in MHC Class I expression, increase in MIC-
A/B expression and PBL cytotoxicity. 
 
Even in patients who received Dex prior to potentially curative surgery may benefit from Dex 
treatment, as shown in a recently published study(19).   588 patients with a median follow-up 
duration of 5.2 years, were found to have improved survival based on more complete resection, 
smaller tumor size, and highly differentiated tumors. Furthermore, perioperative use of 
dexamethasone was associated with long survival (HR, 0.70; 95% CI, 0.54–0.90; P = .006). 
 
In summary, extended Dex treatment induces irreversible cell cycle blockade and a senescence 
phenotype through chronic activation of the p27Kip1 gene in GR overexpressing lung tumor cell 
populations. The Dex responsive tumor cells secrete chemokines that attract immune cells and 
activate a response against the tumor cells. Hence, extended Dex treatment of high GR expressing 
tumors could improve outcome of surgery/pemetrexed chemotherapy and sensitize tumors to 
immunotherapy. 
   
Pharmacokinetic Data 
The pharmacokinetics of Dex has been well characterized in humans as well as animal models. 
Dex has been shown to have an oral bioavailability of 70-80% (20). Although the plasma half-life of 
Dex is 3.5-4.5 hours, the pharmacological effects of Dex significantly outlast its plasma 
concentration due to significant (up to 77%) plasma protein binding. The biological half-life has 
been found to be 36-54 hours, which has made Dex suitable for medical conditions requiring 
continuous glucocorticoid action. There is a high uptake of Dex by the liver, kidney, and adrenal 
glands. Metabolism in the liver is slow via CYP3A4 and excretion is principally renal, as 
unconjugated steroids.  
 
Safety Information 
Dexamethasone is a steroid drug that is indicated for a variety of medical uses including 
inflammatory conditions, cancer, and hormonal disorders. Dex has been approved for use in 
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humans and a thorough understanding of its side effects has been established. Dosages of up to 20 
mg are routinely used in cancer patients undergoing chemotherapy to prevent nausea and vomiting, 
allergic reactions and rashes. Dex is also given long term in patients with brain metastases to 
decrease inflammation. Finally, in a randomized trial, Dex (4 mg twice daily) was shown improve 
quality of life and cancer related fatigue in patients with advanced cancer who were no longer 
receiving chemotherapy (21). 
 
Side effects of dexamethasone could include: irritation or stomach ulcers; increased blood sugar; 
hypertension; increased susceptibility to infection; and acne. More uncommon side effects that have 
been reported include: skin rash, itching or hives; swollen face, lower legs, or ankles. (See Section 
VI: Adverse Events: List and Reporting Requirements for more information).  

 
3. Status of Clinical PET Imaging in Lung Cancer and Studies of FLT-PET 

PET is now routinely used with fluorodeoxyglucose (FDG) for the diagnosis and staging of lung 
cancer, but monitoring treatment response by PET is still not part of regular assessment (22). Multi-
center trials, including ACRIN 6678 and MK-0646-008 are working to determine the sensitivity of 
FDG-PET early in the course of lung cancer therapy, and have recently published reproducibility of 
FDG-PET in NSCLC (23). FLT-PET has been shown to provide reproducible measurement of tumor 
proliferation in patients with NSCLC (24). Further, several small trials have shown FLT-PET to be 
useful in evaluating treatment response in lung cancer. One study found early FLT to be predictive 
of progression-free survival (HR, 0.31; 95% CI, 0.10 to 0.95; P < 0.05) but not overall survival in 
patients treated with erlotinib (25, 26).  
 
An ECOG-ACRIN multi-center trial of FLT-PET to assess response to neoadjuvant chemotherapy 
was conducted in breast cancer in which 51 patients underwent FLT-PET imaging at baseline, and 
following one cycle of treatment. The percent change in tumor maximum standardized uptake value 
(ΔSUVmax) between scans was calculated. Chemotherapy led to a significant ΔSUVmax (mean, 
36%; 95% CI, 28-45%) and an area under the curve for ΔSUVmax in the prediction of pathologic 
complete response (pCR) = 0.68. The best ΔSUVmax cut-off for predicting pCR was 51% 
(sensitivity 56%; specificity 79%). The difference in ΔSUVmax between patients with and without 
pCR was significant (20%; one-sided p=0.045).  

 
4. Imaging Dexamethasone Activity with FLT-PET in NSCLC  

An ongoing pilot study at the Karmanos Cancer Institute is currently examining the effect of Dex in 
patients with NSCLC using FLT-PET. Thus far, 2/4 patients scanned have shown marked 
reductions in tumor FLT retention after Dex treatment (-64.7% and -54.3%). Of interest, patients 
had variable changes in FLT retention between lesions, indicating that FLT-PET may be able to 
detect the effect of Dex in lung cancer and assess differences in GR expression across metastases. 
In this protocol, we will seek to further investigate this phenomenon, and to characterize its 
reversibility following the withdrawal of Dex treatment.    

 
5. Experimental Rationale  

Despite the emergence of newer treatment strategies including immune checkpoint inhibitors and 
targeted agents, the 5-year overall survival for advanced NSCLC patients remains poor.  Only a 
small fraction of patients achieve prolonged responses to immune checkpoint inhibitors (27). 
Furthermore, development of resistance to currently available treatment is an enormous challenge. 
Therefore, it is imperative that novel treatment strategies and therapeutic targets can be identified 
to improve outcomes of NSCLC.  
 
Recent data has demonstrated that Dex, in a GRα-dependent manner, causes reversible G1 arrest 
as well down-regulation of the major transporters and targets of pemetrexed in a subset of NSCLC 
cell models (13). Critically, these effects are associated with a profound protective effect from the 
cytotoxic effect of pemetrexed, particularly when tumor cells are pre-treated for 24 hours with Dex, 
a schedule similar to that which is used clinically. Furthermore, data from a pilot in patients with 
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advanced NSCLC indicate that the effects of Dex on cell cycle progression within NSCLC tumors 
may be monitored by FLT-PET imaging. Relative expression of GRα has been found to be the 
primary determinant of variability in the Dex response among NSCLC cells, and analyses of GRα 
expression in primary lung tumors have reported tumor levels of GRα to be highly variable (17).  
 
Despite the rapid systemic clearance of pemetrexed, cellular retention of pemetrexed as a result of 
its metabolism to polyglutamates confers a special advantage to pemetrexed-based chemotherapy 
(28). Both reduced polyglutamylation of pemetrexed and increased degradation of polyglutamate 
chains have been associated with pemetrexed resistance (29). In the clinical setting, clearance of 
Dex is relatively slow, with pharmacologically effective concentrations remaining in circulation for 
several days following administration (30). These and additional considerations including the fact 
that patients also receive Dex the day after pemetrexed; it takes a further 12-24 hours for the tumor 
cells to re-enter S-phase after Dex has been cleared; decreased pemetrexed uptake by RFC and 
PCFT occurs after Dex treatment, suggest that Dex-sensitive NSCLC tumors will be less 
responsive to pemetrexed when given with a standard Dex regimen prior to chemotherapy.  
 
Stratifying patients on the basis of Dex sensitivity (or pemetrexed resistance) by FLT-PET imaging 
and/or by evaluating tumor GRα status may not only help to avoid subjecting predicted non-
responders to futile treatment cycles, but could allow the clinical oncologist to switch to a potentially 
more useful regimen. Indeed, patients with high GRα tumors may respond better to alternative 
chemotherapies that require limited Dex treatment or no Dex at all (e.g. nab-paclitaxel instead of 
paclitaxel). Given the high degree of patient variability to response to pemetrexed, strategic 
treatment decisions would be expected to improve the treatment of tens-of-thousands of patients 
per year.  
 
More recent studies have demonstrated that Dex-induced tumor cell senescence may be utilized as 
a potential treatment strategy, either by itself or in combination with other treatment modalities, for 
GRα expressing NSCLC. Thus in lung adenocarcinoma tumors expressing relatively high levels of 
GR (about a third to a half of all lung adenocarcinoma lesions), extended (2 weeks) Dex treatment 
may be expected to cause irreversible cell cycle blockade in the pemetrexed-resistant tumor cell 
population as well as sensitization of the entire tumor to immune attack. These events during 
extended Dex administration could be established and monitored in the patients through a 
combination of 1. FLT-PET imaging of individual lesions to monitor both initial effects of Dex on 
tumor cell proliferation and effects following Dex withdrawal and 2. Correlative blood tests to 
evaluate production of tumor senescence associated chemokines and immune activation post-Dex 
treatment.   FLT-PET will allow us to make such measurements non–invasively and assess 
heterogeneity between patients and across multiple lesions in a single patient. 

 
In summary, based on the rationale that 

1. Pemetrexed-based regimens that are the standard-of-care in advanced NSCLC include Dex 
treatment on the day before, day of, and day after pemetrexed administration.  

2. Dex, in a GRα -dependent manner, has been shown to reversibly inhibit NSCLC cell 
progression into the S-phase of the cell cycle, producing down-regulation of pemetrexed 
transporters and target enzymes, and resulting in a protection of NSCLC cells from 
pemetrexed cytotoxicity.  

3. Primary NSCLC tumors are highly variable in their expression of GRα. 
4. Extended (2 weeks) Dex treatment induces irreversible cell cycle blockade and a 

senescence phenotype through chronic activation of the p27Kip1 gene in GR 
overexpressing lung tumor cell populations 

5. Induction of senescence by Dex is accompanied in high GR expressing lung 
adenocarcinoma cells by the release of select chemokines that attract and activate T cells, 
NK cells and monocytes and tumor cell cytolytic activity of NK cells 

6. Pilot data that show FLT-PET is able to monitor Dex-mediated G1 arrest in patients with 
advanced lung cancer.  



 8 

 
This arm of our pilot study will evaluate the effect of Dex in patients with NSCLC using FLT-PET 
imaging. This study will examine whether FLT-PET can accurately monitor Dex-mediated S-phase 
suppression in patient tumors and whether it could be routinely employed for the stratification of 
patients by GRα status. We will conduct correlative studies to measure the reversibility of Dex 
effects in NSCLC cells and will correlate measurements of tumor GRα expression with our findings 
from FLT-PET imaging when adequate sample is available. Additional correlative studies will utilize 
patient blood samples to measure Dex levels and will look for tumor senescence markers including 
specific cytokines and for activation of immune cells. 

 
 

III. PATIENT SELECTION 
 
Eligibility Criteria 

1. Patients must have histologically or cytologically proven newly diagnosed, recurrent, 
progressive, refractory or non-refractory non-squamous NSCLC, which may be localized or 
widespread. 
 

2. Patients must have measureable disease, defined as at least one lesion that can be accurately 
measured in at least one dimension (longest diameter to be recorded) as ≥20 mm with 
conventional techniques (CT, MR or PET). Lesions in the previously irradiated area can be 
considered as measureable lesions as long as there has been an increase of at least 10 mm 
when compared to measurements obtained after completion of radiation.  
 

3. No chemotherapy for at least 4 weeks and no radiation to the index lesion or clear progression 
in that lesion (greater than 20% and at least 10mm increase in longest diameter). 
 

4. Life expectancy of greater than 4 weeks.  
 

5. Absolute neutrophil count ≥1,000/mcL (measured within 6 weeks of registration). 
 

6. No history of HIV or active infections. 
 

7. Random blood glucose of ≤300mg/dl if history of diabetes mellitus. . 
 

8. No surgery in the last 2 weeks prior to study enrollment. 
 

9. Has not received Dex or another corticosteroid in over 4 weeks prior to enrollment. 
   

10. Ability to understand and the willingness to sign a written informed consent document. 
 

11.  Agreed to FLT-PET imaging and signed consent and eligible FLT-PET protocol 2006-127. 
 
 
IV. REGISTRATION PROCEDURES  

 
General Guidelines 
Eligible patients will be entered on the study centrally at the clinical trials office of the Karmanos Cancer 
Center/Wayne State University by the study coordinator.  

 
At the time of registration: 

 Patients must have signed an informed consent form.  
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 Confirm that all required prestudy history and physical examination, and laboratory tests have 
been collected.  

 Document demographic information including smoking history. Also document medications.  
 Patients should be scheduled for pre-treatment FLT-PET scans if patients have provided 

appropriate consent.  
 Previous tumor biopsy should be retrieved for GRα analysis. This is not required prior to the 

start of therapy but should be retrieved within a month of registration.  
 Inform patients about all necessary follow-up including laboratory tests and further PET imaging.  

 
Following registration, patients should begin protocol treatment within 7 days. Issues that would cause 
treatment delays should be discussed with the Principal Investigator, Dr. Anthony Shields at 313-576-
8735; shieldsa@karmanos.org, or contact the study coordinators. If a patient does not receive protocol 
therapy following registration, the patient’s registration on the study may be cancelled. The study 
coordinator should be notified of cancellations as soon as possible.  
 
Registration Process 
To register a patient, the following documents should be completed by the research nurse or data 
manager and faxed or emailed to the study coordinator: 

 Copies of required laboratory tests, scans.  
 Signed patient consent form. 
 HIPAA authorization form. 
 Eligibility checklist. 
 Completed registration form. 

 
To complete the registration process, the study coordinator will: 

 Register the patient on the study. 
 Contact the research nurse or data manager and verbally confirm registration.  

 
Off-Study Criteria 

 Patients will be considered to have gone off of study following the completion of the third FLT-
PET scan unless they elect to continue Dex therapy under the supervision of their physician. 

 Patients continuing Dex (chronic Dex) will remain on study until Dex treatment has been 
discontinued.  

 
 
V. TREATMENT PLAN 

 
FLT-PET Imaging 

 Scan 1: Baseline within 7 days prior to the start of Dex treatment. 
 Scan 2: Either on day 3 or 13-14 of Dex. 
 Scan 3: Continue oral Dex 4mg twice a day for a total of 14 days, then stop Dex and obtain 

Scan 3 6-8 days after the final dose of Dex. 
 

Agent Administration 
Treatment will be administered on an outpatient basis. Reported adverse events and potential risks for 
Dexamethasone are described in Section VI. No investigational or commercial agents or therapies 
other than Dexamethasone may be administered with the intent to treat the patient’s malignancy.  
 
AEs will be collected at the time of consent, at each scan and until Dex is discontinued.  Patients 
electing to continue on chronic Dex will be followed by their treating physician. 

 
 

mailto:shieldsa@karmanos.org
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Agent Dose Route Schedule  

Dexamethasone 4 mg Orally 

Twice daily for a total of 14 days. Scans before, 
during Dex as directed on day 3 or 13-14 and 6-8 
days after Dex. 
  

*Patients may elect to stay on dexamethasone (4 mg bid) indefinitely following the completion Scan 3 if 
it is considered to provide benefit by their treating physician.  Patients continuing on Dex (chronic Dex)  
will be followed by the treating physician. 

 
Benefits: 
Dex 4mg twice daily compared to placebo has been shown to improve cancer related fatigue, anorexia 
and quality of life in patients with advanced cancer (22). 
 
Correlative Markers: 
1. GRα expression in tumor tissue will be assessed from the most recent tumor tissue available,  using 

Either one or both of 1) optimized TaqMan probes to quantify GRα mRNA; and 2) semi-quantitative 
immunohistochemistry to measure GRα protein. The Biobanking and Correlative Sciences (BCS) 
Core facility at KCI will perform immunohistochemical studies on fixed tumor tissue under the 
supervision of Dr. Julie Boerner, the director of the BCS Core. The BCS Core will assist with the 
acquisition of patient tissue as well as preparation of samples for analysis. Analyses of GRα mRNA 
will be conducted in the Ratnam Laboratory at in the Hudson-Webber Cancer Research Center and 
will be under the direct supervision of Dr. Manohar Ratnam.  Testing will be prioritized depending 
on the amount of sample available as follows: 

i. approximately 5000 cells or more:  TaqMan probes to quantify GRα mRNA 
ii. approximately 5 cells:  immunohistochemistry to measure GRα protein 

 
2. Blood (20 ml) will be drawn at the time of each scan specifically, by the personnel at the Children’s 

Hospital of Michigan PET Center. 15 ml of blood will be placed in heparinized tubes whereas serum 
will be prepared from the remaining 5 ml of blood.  

i. The serum samples will be used for analysis of Dex levels and to measure levels of specific 
chemokines. Serum samples will be taken to the KCI Pharmacology Core facility and frozen.  
The concentration of Dex will be measured using liquid chromatography-mass spectroscopy. 
Dr. Jing Li, the director of the KCI Pharmacology Core facility, will oversee quantification of 
plasma Dex concentration. Dr. Ratnam’s lab will measure cytokine levels in the serum. 

ii. The 15 ml of whole blood will be transported to the Ratnam lab for flow cytometric analysis 
of immune cells.  

 
 
VI. ADVERSE EVENTS: LIST AND REPORTING REQUIREMENTS  

 
This study will use the descriptions and grading scales found in the revised NCI Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.0 will be utilized for AE reporting. All appropriate 
treatment areas should have access to a copy of the CTCAE version 4.0. A copy of the CTCAE can be 
downloaded from the CTEP web site 
(http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_40).  
 
Reporting Adverse Events 
In the unlikely event that any immediate toxicity is found during the course of treatment, it will be 
recorded and reported as described below. Given the dose of drug, no measurable delayed toxicity is 
expected.  
 
 
 

http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_40
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  Reaction     Reporting Obligation for A, B, and C 
 
  A. All life-threatening events                  Within 24 hours  
  (Grade 4), which may be due to drug   [Note 1] 
  Administration [Note 2] 
   
  B. All fatal events (Grade 5) while on   Written report to follow within  
  study (or within 24 hours of treatment).  10 working days. [Note 3] 
 
  C. First occurrence of any previously  [Notes 4 and 5] 
  unknown clinical event (regardless of grade). 
 
Note 1  Telephone number available 24 hours daily: (301) 230-2330 (Recorder after hours). 
Note 2  See DCTD/NCI Common Terminology Criteria for Adverse Events. 
Note 3  Report to: Investigational Drug Branch, PO Box 30012, Bethesda, MD, 20824. 
Note 4             A list of all known toxicities can be found in the protocol document or consent form. 
Note 5  Reactions judged definitely not treatment-related should not be reported.  
 

 Information about all adverse events, whether volunteered by the subject, discovered by 
investigator questioning, or detected through physical examination, laboratory test or other 
means, will be collected and recorded on the Adverse Event Case Report Form and followed as 
appropriate. An adverse event is any undesirable sign, symptom or medical condition occurring 
after starting even if the event is not considered to be related.  
 

 Medical conditions/diseases present before starting study treatment are only considered 
adverse events if they worsen after starting study treatment (any procedures specified in the 
protocol).  
 

 Any serious adverse event occurring after the patient has provided informed consent and until 4 
weeks after the one dose of Dex must be reported. 
 

 Adverse events occurring before starting study treatment but after signing the informed consent 
form are recorded on the Medical History/Current Medical Conditions Case Report Form.  
 

 Abnormal laboratory values or test results constitute adverse events only if they induce clinical 
signs or symptoms or require therapy, and are recorded on the Adverse Events Case Report 
Form under the signs, symptoms or diagnosis associated with them.  

 
Adverse Event (AE) Characteristics  
 
Serious adverse events  
A serious adverse event is an undesirable sign, symptom or medical condition which:  

1. Is fatal or life-threatening.  
2. Required or prolonged hospitalization  
3. Results in persistent or significant disability/incapacity  
4. constitutes a congenital anomaly or a birth defect  
5. are medically significant, may jeopardize the subject and may require medical or surgical 

intervention to prevent one of the outcomes listed above  
 
Not considered to be serious adverse events are hospitalizations for the:  

1. Routine treatment or monitoring of the studied indication, not associated with any deterioration 
in condition.  

2. Treatment, which was elective or pre-planned, for a pre-existing condition that did not worsen  
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3. treatment on an emergency, outpatient basis for an event not fulfilling any of the definitions of 
serious given above and not resulting in hospital admission 

  
Commonly Reported Side Effects of Dexamethasone 

 Stomach upset, irritation or stomach ulcers 
 Increased blood sugar 
 Increased blood pressure and swelling from fluid retention 
 Decreased production of cortisol 
 Increased susceptibility to infection 
 Insomnia 
 Mood changes, depression, anxiety 
 Restlessness 
 Vomiting 
 Diarrhea 
 Fever 
 Decreased platelet count 
 Increased risk of cataracts and glaucoma 
 Osteoporosis 
 Muscle loss 
 Problems with healing 
 Acne 
 Weight gain 
 Easy bruising 
 Irregular or absent menstrual periods. 
 Headache 
 Dizziness 
 Increased hair growth  

 
Serious Side Effects Requiring Medical Attention 

 Skin rash, itching, or hives 
 Swollen face, lower legs, or ankles 
 Vision problems 
 Black or tarry stool 
 Loss of consciousness 
 Difficulty breathing 
 Difficulty swallowing   

 
‘Attribution’ of the AE will be defined by the investigative team  

 Definite – The AE is clearly related to the study treatment  
 Probable – The AE is likely related to the study treatment  
 Possible – The AE may be related to the study treatment  
 Unlikely – The AE is doubtfully related to the study treatment  
 Unrelated – The AE is clearly NOT related to the study treatment  

 
 

VII. MEASUREMENT OF EFFECT: FLT-PET SCANS 
 

FLT-PET scans will be performed and data will be collected and analyzed as described in protocol 
2006-127. 
 
[18F]-FLT [3’-deoxy-3’-18F-fluorothymidine] is a thymidine analog used in PET imaging. After transport 
into the cells, it is phosphorylated by TK1 and trapped intracelluarly. Due to the lack of a 3’ hydroxyl 
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group on its sugar, it cannot incorporate into the DNA structure, and therefore its retention reflects 
intracellular TK1 (31-33). FLT accumulates in tissues with high expression of TK1, such as bone 
marrow and tumors, and is a proliferation-imaging tracer (31, 33, 34). Kinetics data has shown that FLT 
is useful as a predictor of response to therapy in lung cancer (35). 
 
FLT was originally developed for the treatment of HIV infection (36). In the initial human trial a starting 
dose of 0.125 mg/kg q12 hours resulted in grade 3 hematologic toxicity in 6/10 subjects. Other 
cytopenias have also been noted. The dose to be given during FLT-PET scans is about 0.02 mg or 
<1% of the dose used in the initial trials. Toxicity took weeks to develop even at the high therapeutic 
doses used in the phase I study. Based on this work no toxicity is anticipated as part of these imaging 
studies. In the unlikely event that any toxicity is found it will be recorded and reported. 
 
PET imaging will be conducted over 60 minutes after the injection of approximately 10 mCi or tracer, 
once before therapy, and twice after the Dex administration. The first scan will be within 7 days prior to 
the start of Dex treatment 4 mg twice daily. The second scan will be during Dex, on day 3 or 13-14. The 
third and final scan will be done 6-8 days after the final Dex treatment.   
 
Data Collection  
Tumor uptake will be measured as Standard Uptake Value (SUV). SUV is calculated by the following 
formula: 
 
SUV = Radioactivity concentration in ROI (μCi/mL) / Injected Dose (mCi) / Body Weight (kg) 
 
The Standard Uptake Value maximum (SUVmax) will measure the most active pixel in the tumor and 
the two adjacent planes. Regions of Interest (ROIs) for the SUVmean will be drawn using isocontours 
set at 50% of the SUVmax.  Results will be indicated as percent change in the uptake between the two 
scans. A pilot study of FLT-PET in NSCLC has shown that the measurement of SUVmean is 
reproducible in untreated patients, with errors of <10% when imaged twice within one week (24).  
SUVpeak considers the variation within a tumor.  ROIs for the SUVpeak may be drawn with variations 
such as changing size, location and shape of the ROI. Results will be indicated as an average over a 
circle of approximately 1 cm around the hottest pixel and averaged over three adjacent or consecutive 
planes.   One study of FLT-PET in solid tumors has shown that intratumor variations caused minimal 
variations in average tumor response but depending on how the ROI was drawn may be indicative of 
tumor response (37). 
 
Analysis and Interpretation of Results 
SUVmean will show the average standard uptake in the region of interest of the tumor and is 
representative of the total tumor uptake. Comparison between SUVmean in scans before and after 
therapy allows for measurements of the effect of treatment on the whole tumor tissue. Conversely, 
SUVmax will show the highest uptake in the selected region of interest of the tumor and will allow for 
comparisons of the effect of therapy within the most active sites of the tumor.  The difference in 
SUVpeak between scans will be determined.  SUVpeak may be an indication of tumor response with 
intratumoral measurements in scans before and after therapy.  
 
 
VIII. CORRELATIVE STUDIES  
1. Tumor GRα expression in tumor tissue obtained from the most recent tumor sample available, 

when sample size is adequate. 
As discussed above, GRα status is the principal determinant of the sensitivity of NSCLC to 
suppression of the S-phase of the cell cycle by Dex (13). As such, FLT-PET imaging studies will be 
correlated to patient specimens when available to verify that the imaging method is providing results 
consistent with cellular signaling within tumors. GRα will be measured using either 1)  optimized 
TaqMan probes to quantify GRα mRNA or 2) semi-quantitative immunohistochemistry to measure 
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GR protein.  GRα expression by stain requires approximately 5 cells while TaqMan needs 
approximately 5000 or more.  Consideration for each sample size will determine which correlative 
studies will be done.  If GRα is negative on the first sample then testing subsequent samples is not 
indicated. 
 
As detailed above, the Ratnam laboratory will be responsible for measurements of GRα mRNA 
levels and the BCS core will conduct immunohistochemistry on fixed patient biopsy samples.  
 

2. Measurements of blood Dex levels. 
Of a total of 20 ml of blood drawn at the time of each FLT-PET scan, 5 ml will be used to generate 
serum. A part of the serum will be used for analysis of Dex levels using LC-MS. As mentioned, 
these experiments will be carried out at the KCI Pharmacology Core facility.  
 

3. Measurements of tumor senescence markers and immune cell status 
In addition to its anticipated effects on FLT-PET imaging, extended dexamethasone treatment has 
been shown to induce cellular senescence in cells expressing very high-level GR resulting in 
secretion of chemokines (senescence markers) in the plasma that in turn activate immune cells. 
The correlative studies will focus on the senescence markers and T cell and NK cell frequency 
(proliferation) and activation profile during long-term Dex treatment compared with the pre-
treatment samples.  
 
Peripheral blood (20 ml) will be drawn at the following time points: (1) Pre-treatment; (2) At scan 3 
on Day 3 or 13-14 of Dex treatment and 1 week (6-8 days) after stopping Dex treatment. 5 ml of the 
blood will be used to prepare serum, a part of which will be used to measure Dex levels as noted 
above. The remaining serum will be used to measure levels of specific cytokines previously found 
to be sectreted by the senescent tumor cells, including CCL2 (MCP-1), CCL4(MIP-1b), CXCL1 
(GROa) and CXCL2 (GROb). 
 
Blood from blood drawn at the time of each FLT-PET scan will be collected in heparin tubes and 
plasma and PBMC will be isolated using Ficoll gradient centrifugation following a standard protocol. 
With the PBMC, multi-parametric flow cytometry will be performed for phenotypic and functional 
characterization, including activation markers, intracellular cytokine profile, of immune cell subsets, 
as follows: 

 
Surface stain: 
CD3                         FITC                        
CD56                       PE                            
NKG2D                  BV510                    
CD16                       APC-Cy7                
PD-1                       BV421                    
 
Intracellular staining: 
IFN-γ                        BV711                    
Perforin                 AF647                     
Ki67   PerCP-eFluor710   

 
 
IX. STATISTICAL CONSIDERATIONS  
 
Study Design 
This a small pilot study of 6 patients with NSCLC, with each patient serving as his/her own control. The 
primary goal will be to use FLT-PET to determine the change, if any, in tumor SUVmax between the 
baseline scan prior to treatment, and the second scan on day 3 or 13-14 of Dex, 4 mg twice daily. 
Comparison between SUVmax in scans before and after Dex therapy makes it possible to measure the 
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effect of Dex on the whole tumor tissue. In addition, patients will be imaged about 7 days after 
discontinuation of Dex and tumor senescence markers will be assessed using biopsy samples and 
blood drawn at the time of imaging.  
 
CT anatomic landmarks will be used to assess the same lesion post-treatment if the lesion is difficult to 
visualize on PET imaging. SUVmean measurements will also be recorded. The reproducibility of tumor 
uptake based on SUV analysis is estimated to be on the order of 10%, and a true effect in an individual 
case can be defined as a change in tracer uptake greater than 3 times the standard deviation (SD) of 
the tracer ([18F]-FLT) uptake without treatment.  
 
Statistical Analysis 
The primary analysis is one sample t-test for the change of SUVmax.  Secondary analyses will be 
carried out with descriptive statistics such as mean, SD, range. Correlation analysis will be descriptive.  
Spearman correlation coefficient will be calculated and scatter plot will be plotted. Subgroup analyses 
for Dex withdrawal will be performed within the GRα high group. All subgroup analyses will be 
descriptive due to the expected small sample size.   
 
Based on epidemiological studies, described previously, we expect that about 50% of patients will have 
high GRα and thus will be susceptible to Dex-mediated S-phase suppression and therefore reduced 
FLT uptake at the time of the second scan. High GRα expression, for the purposes of this protocol, will 
be measured by immunohistochemical staining and will be defined as 75% of the sections scoring 3+ or 
4+ based on a recent lung adenocarcinoma tissue microarray.   
 
Sample Size and Accrual Rate 
A sample size of 10 achieves 80% of power to detect a large effect size of 0.89 at a significance level of 
0.05 using a two-sided one-sample t test (38).  Accrual rate and study duration: We estimated the 
accrual rate at 4 patients per year but accrual may be as low as two patients per year.  The total study 
duration is expected to be 42 months including 36 months for accrual and 6 months minimum follow-up 
for primary and secondary endpoints. 
 
 
X. DATA AND SAFETY MONITORING/STUDY AUDITS/STUDY ETHICS  
 
Data and Safety Monitoring 
1. Scheduled meetings will be held monthly or more frequently depending on the activity of the 

protocol. These meetings will include the protocol investigators and research staff involved with the 
conduct of the protocol. 

2. During these meetings the investigators will discuss: 
 Safety of protocol participants (adverse events and reporting) 
 Validity and integrity of the data (data completeness on case report forms and complete 

source documentation) 
 Enrollment rate relative to expectation of target accrual, (eligible and ineligible participants) 
 Retention of participants, adherence to the protocol and protocol deviations 
 Protocol amendments 

3. Data and Safety Monitoring Reports (DSMR) of the research meetings will be completed by the 
Study Coordinator and submitted to the Data and Safety Monitoring Committee quarterly for review.     

4. The Barbara Ann Karmanos Cancer Institute, Data and Safety Monitoring Committee (DSMC) 
provide the primary oversight of data and safety monitoring for KCI Investigator-initiated trials.   

  
Data Management 
Study data including patient images, biopsy slides, and blood samples will be maintained by the 
Shields’ laboratory. In addition, a KCI CTO monitor specialist will remotely essential clinical trial data. 
Frequency of monitoring will be based on accrual but will occur at least once every 2 months if a patient 
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has been enrolled. Monthly screening and enrollment logs will be sent to the KCI lead Study 
Coordinator.     
 
Study Audits 
Authorized representatives of FDA, a regulatory authority or Wayne State University Institutional 
Review Board (IRB) may visit the center to perform audits or inspections, including source data 
verification. The investigator should contact Clinical Trials Office immediately if contacted by a 
regulatory agency about an inspection at his center regarding this study. 
 
Ethics  
The study will be performed in accordance with ethical principles that have their origin in the 
Declaration of Helsinki and are consistent with ICH/Good Clinical Practice, applicable regulatory 
requirements.  
 
The final study protocol, including the final version of the Written Informed Consent Form, must be 
approved in writing by Wayne State University IRB. 
 
The principal investigator is responsible for informing the Wayne State University IRB of any 
amendments to the protocol. The protocol must be re-approved by the IRB annually. Progress reports 
and notifications of serious, unexpected adverse drug reactions will be provided to the IRB. The 
Principal Investigator is also responsible for providing the IRB with reports of any serious adverse drug 
reactions from any other study conducted with the investigational product.  
 
The principal investigator will ensure that the subject is given full and adequate oral and written 
information about the nature, purpose, possible risk and benefit of the study. Subjects must also be 
notified that they are free to discontinue from the study at any time. The subject should be given the 
opportunity to ask questions and allowed time to consider the information provided. In accordance with 
the Health Information Portability and Accountability Act (HIPAA), the Written Informed Consent Form 
must include a subject authorization to release medical information to Karmanos Cancer Institute, 
Wayne State University, the Detroit Medical Center, University Physician Group, or McLaren Health 
Care or Institutional Review Board access to subject’s medical information that includes all hospital 
records relevant to the study, including subjects’ medical history. 
 
The principal investigator must store the original, signed written informed consent form.  A copy of the 
signed written informed consent form must be given to the subject. 
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APPENDIX A:  STUDY SCHEMA 
 

 
 


