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ECOG Conference for Young Investigators sponsored by Aventis. Only medical student
selected nationally for a spot at the conference and whose work was chosen to give an oral
presentation. Adipocyte-Derived Collagen VI Affects Early Mammary Tumor Progression in vivo: A
Novel Interaction in the Tumor / Stroma Microenvironment.

Cold Spring Harbor Symposium on Cancer Genetics and Tumor Suppressor Genes. Only
student invited to give talk based on abstract at the symposium (1 out of 40 talks). Adipocyte
Effects on Malignant Cells in Breast Microenvironments.

AACR Conference. Abstract selected to give short talk. Adipocyte-Derived Collagen VI Affects
Early Mammary Tumor Progression in vivo: A Novel Interaction in the Tumor / Stroma
Microenvironment.

SABCS - Poster Presentation - Puneeth lyengar, Eric A Strom, Yu-Jing Zhang, Gary J Whitman,
Wendy A Woodward, Tse-Kuan Yu, and Thomas A Buchholz, M.D. Extended Regional Ultrasound
as a Critical Component of the Initial Evaluation of Invasive Breast Cancer

ASTRO - Poster Presentation - P. lyengar, L. B. Levy, S. J. Frank, S. Choi, M. Rex Cheung, A. K.
Lee, and D. A. Kuban, Toxicity Associated with Post-operative Radiation Therapy for Prostate
Cancer.

ARS — Poster Presentation - P. lyengar, A. Mazloom A. Younes, M. Fanale, F. Shihadeh, and B.
Dabaja, M.D. Hodgkin’s Lymphoma of the Head and Neck: Characteristics and Outcomes.

TRS — Invited Oral Presentation - Puneeth lyengar, Xiaolan Guo, Thomas A Buchholz, Yibin Deng,
and Sandy Chang, Therapeutic Exploitation of Autophagy Pathways Using TERT Inhibition with
Radiation in Tumors with p53 Gain of Function Mutations.

Roengten Resident/Fellow Research Award, MD Anderson Cancer Center



Inflammation, Cachexia, and Lung Cancer Radiation Therapy Resistance thru
Systemic Metabolic Dysregulation

Research Summary

Despite the best efforts of oncologists and scientists, local and distant control rates for lung cancer remain a significant
problem. Aside from the inability to diagnose disease at earlier stages, it appears that lung malignancies have a tendency to be
treatment refractory to either radiation or chemotherapy/biologics. A significant effort has been undertaken to understand why lung
cancers are resistant to systemic therapies. Less emphasis has been placed on learning why some lung cancers are also immune to
radiation effects.

Our laboratory’s research will be driven by the goal to map out the mechanism of lung cancer radiation resistance. We believe
that lung cancers are in part created and driven by the systemic inflammatory states that are common in stress-dependent situations
— from external stimuli such as cigarette smoking — to internal stimuli such as cachexia/lipodystrophy that is seen in later stages of
disease. Either condition can cause the release of systemic and local acting cytokines that may signal lung cancer cells to behave in
certain growth-promoting ways. Our hypothesis is that these molecules may down-regulate tumor suppressive mechanisms in these
malignant cells, and by doing so, increase survival despite tumoricidal levels of radiation therapy.

We will take a multi-tiered approach to investigate this hypothesis. Our ultimate goal is to identify novel small molecular
weight cytokines that are present in the lung cancer patient “inflammasome” that promote tumor survival despite radiation exposure.
Initially, with the use of high throughput mass spectrometry and proteomic techniques, we will characterize the global inflammasome
present in human lung cancer patient serum and contrast this profile from the serum of those without malignancy. As part of this
evaluation, we will use nanoparticles to enrich for low molecular weight molecules that are often not seen due to their relative
inabundance and small weight. We have already begun to study a cohort of patients who received post-operative radiation for Stage
[l lung cancers by creating tissue microarrays from the surgical specimens and probing them for expression levels of molecules
known to be involved in several tumor suppressive pathways — apoptosis, autophagy, senescence, DNA repair, and necroptosis. A
correlation will be made with in-field radiation failures and the expression pattern of these various molecules. Concurrently, we will
perform in vitro studies to tease out how inflammatory conditions alter expression profiles of known and new cytokines from stromal
and immune cells that may direct local signaling on tumor cells. Finally, we will validate the importance of newly identified systemic
inflammatory molecules in regulating lung tumor development and radiation sensitivity with the use of genetic mouse models and
other in vivo studies.

Systemic secretory molecules, unique to the inflammatory state found in lung cancer patients as a consequence of
cachexic/lipodystrophic, paraneoplastic or/and metabolic dysregulation may be critical in altering radiation sensitivities by influencing
intracellular tumor suppressive mechanisms. Our research will attempt to identify and explore the mechanisms by which yet
unknown inflammatory proteins induce survival instincts in lung cancer cells despite radiotherapeutic intervention. Blocking the
action of these proteins in the future may increase the therapeutic effectiveness of radiation, thereby promoting longer survival in lung
cancer patients.



Specific Aims — Goals, Objectives, and Relevance to the National Lung Cancer
Partnership funding priorities

Our studies will be focused on understanding how inflammatory molecules secreted in serum can
drive lung cancer development, how these very same molecules could cause radiation resistance
by acting upon lung tumor cells, and how effectively as clinicians we could block the actions of
these molecules in promoting tumor cell death. Specifically, the following aims will drive our
endeavors:

1.) to ascertain the proteomic make-up of clinical lung cancer “inflammasomes” by analyzing human
serum and tumor tissue expression profiles from multi institutional clinical trials while correlating
these markers with increased radiation resistance,

2.) to model stromal inflammatory states, including cachexia, in vitro in identifying a mechanism of
action for these protein markers on lung tumor cells and to model the influence of inflammation in
vivo in driving both primary lung tumor development and therapeutic (radiation and systemic
therapy) resistance, and

3.) to use the data obtained from the in vivo and in vitro studies to develop pharmacologic
regulators of the molecules deemed critical to effectuating radiation sensitivity. As one can
appreciate from our aims, our goals fall within the inherent purpose of the National Lung Cancer
Partnership — “research, awareness, change.”



Background and Rationale

lonizing radiation comprises one-third of the approaches taken in treating human malignancies — the other two components being surgery
and chemotherapy/biologics. Similar to surgery, radiation is used for improving local control of primary tumors in the definitive setting and for
eradicating microscopic disease/positive margins in the post-operative setting. Chemotherapy and biologics are used for systemic control of
tumors. These latter agents can also be used as radiation sensitizers. Nearly 60% of all patient malignancies require radiation as part of their
overall treatment regimens.

The failure of systemic therapies in the management of cancers is easily apparent by the manifestation of disseminated disease. Failure
of local therapies such as radiation, concurrent chemoradiation, or surgery translates into local recurrences or persistent/residual disease. The
development of local recurrences can lead to significant morbidity, the potential for seeding of therapeutically resistant disease to distant sites,
and mortality. On autopsy evaluations of squamous and adenocarcinoma lung cancer patients, nearly 50% of individuals had prominent loco-
regional disease at time of death (1).

Locoregional and systemic failures after treatment with multimodality approaches for lung cancer are significantly higher than for nearly
every other cancer pathology and disease site. Lung cancer is the single largest oncologic cause of death in the United States and globally.
More people die annually from lung cancer than breast, colon, and prostate cancers combined. Nearly 60% of patients with lung cancer die
within 1 year of diagnosis. In 2009, there were approximately 215,000 newly diagnosed cases of lung cancer and nearly 162,000 deaths (2).
Five-year overall survival rates approach only 16% for all lung cancer versus 65% for colon cancer, 89% for breast cancer, and 98% for prostate
cancer (2). Itis primarily due to the diagnosis of lung cancer at relatively late stages (presence of nodal and distant disease) and a general
resistance to current therapeutics that leads to the reduced rates of cure for this cancer.

A failure of radiation or concurrent chemoradiation for lung cancer is manifested by resistant residual/persistent disease or local
recurrences that can be refractory to further therapy. The rate of local recurrences after radiation can approach 60% for Stage Il patients within
a five year period. The ultimate question becomes whether persistent disease and local recurrences represent a failure of therapy due to
insufficient radiation dose or/and biologically refractory malignant cells (3). At doses normally adequate for high control rates for carcinomas of
the head and neck, between 65 and 70 Gy, we do not see the same local control rates for lung cancer. Furthermore, in the post-operative
setting, 50-60 Gy is considered adequate for achieving greater than 90% local control for carcinomas of the breast but not so for adjuvant therapy
for lung carcinomas. Hence, it is apparent that the dose for lung cancer is not the singular cause for treatment failures. Consequently, it is the
inherent biology of lung malignancies that may play a part in their relative radiation resistance.

One of the current hypotheses to explain lung tumor development lies in the concept of inflammation driving genomic instability and
subsequent malignancy. Though incompletely validated, inflammation within the context of wound development and repair within the bronchial
tree and lung parenchyma is potentially critical as a driving force behind generating the mutations necessary to transform normal cells. Itis
therefore not a significant stretch to imagine that inflammatory processes may also play a critical role in altering radiation and chemotherapy
sensitivities as well. The identity of the systemic inflammatory molecules that may contribute to treatment refractory lung cancer is to this date
quite unknown. The very fact that lung cancer, among all lesions, is most associated with paraneoplastic syndromes driven by humoral factors
secreted by either the tumor cells themselves or as a consequence of other inflammatory processes adds credence to the possibility that other
cytokines may play a role in regulating therapeutic responses (4-29).



Background and Rationale

Tumor suppressive mechanisms including apoptosis, autophagy, senescence, and necroptosis are critical in regulating the balance
between cell life and cell death. Any alteration in these mechanisms or shift from baseline may lead to the development of malignancy. Most
efforts are aimed at evaluating the cell intrinsic components of these pathways. Less emphasis has been placed on appreciating the context in
which extracellular microenvironments and systemic molecules can influence these pathways in making tumors resistant to therapeutics.

Cachexia, defined as the massive loss (up to 80%) of adipose and skeletal tissue, is found in many disease states, particularly cancer.
Cancer cachexia is associated with poor performance status and even diminished overall survival. Cachexia accounts for 20-30% of all deaths in
patients with cancer and is seen in up to 50% of all cancer patients. Among cancers, lung and gastrointestinal malignancies are associated with
elevated rates and extent of cachexia, leading to worse therapeutic disease outcomes. Specifically, in lung cancer patients who have lost a
significant portion of their pre-iliness weight, there was an 85% decrease in total body fat and 75% decrease in skeletal muscle protein. Part of
the failure in treatment is driven by the inability of these patients to receive combined modality treatment —surgery, radiation, and systemics — as
part of the standard of care due to poor performance status. Therefore, the oncology community has a challenge in improving the physical state
of these patients to promote better therapeutic interventions. Perhaps most importantly, cancer cachexia does not frequently represent an end-
stage cancer process, but one that may be present from the beginning of the disease state.

Biologically, there has been some significant progress in attempting to understand how inflammatory processes — both local and systemic
— can influence tumor development and progression. Very little has been done to address if and how inflammatory mediators may drive signaling
changes in lung tumor cells to become radiation and/or chemotherapy resistant. Our lab is interested in identifying new systemic serum-based
molecules upregulated during inflammatory states that may provide the impetus for NSCLCs to become radiation or therapy resistant. In vitro, in
vivo, and clinical studies are being devised to attack these problems.

In many ways, cachexia also represents an altered inflammatory state. With its prevalence so high in lung cancer patients, one must ask
whether the general process of cancer cachexia may also be part of the inflammatory cascade that could influence tumor development,
progression, and therapeutic effectiveness. The lipolysis of adipose tissue in cachexia and catabolism of muscle into constituent proteins cannot
be without repercussions to the primary tumor. Many groups have already demonstrated some cross-talk between tumors and stromal
components within the context of the activated microenvironments. No one has determined if inflammatory molecules released during cachexia
alter tumor response to radiation, however.

PPARYy is an antidiabetic, anti-inflammatory transcription factor belonging to the superfamily of nuclear receptors. Through the work of a
number of groups, PPARY has been shown to act on adipocytes and muscle cells to reduce inflammatory states and simultaneously promote
adipocyte and muscle differentiation. Pre-clinical data supports the notion that PPARy agonists may reduce the levels of cachexia in mouse
models through not as of yet well defined anti-inflammatory mechanisms.

Group Members: Puneeth lyengar, MD, PhD Prinicipal Investigator
Kalayarasan Srinivasan, PhD Postdoctoral Associate
Narayanan Sriram, PhD Postdoctoral Associate
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Inflammation, Cachexia, and Lung
Cancer Radiation Resistance thru
Dysfunctional Systemic Metabolism

LAB CLINICAL

Biology of Secretory Inflammation Systemic Inflammatory Profile Ass.
with Lung Cancer Radiation Resistance

Biology of Inflammation Regulated

Radiation Resistance Systemic Profile of Cachexia and Ass.
with Radiation Resistance

Biology of Cachexia and its Effect on

Radiation Sensitivity PPARy Agonist for Poor Performance
Status NSCLC pts treated with XRT

Discovery Biology to Identify New, Candidate

Systemic Molecules and Their Role in Regulating Potential Mech. for Telomerase Pts.

Inflammation, Cachexia, and Radiation Response

in Lung Cancer

Puneeth lyengar, puneeth.iyengar@utsouthwestern.edu
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