LINEBERGER COMPREHENSIVE
CANCER CENTER

UNIVERSITY CANCER RESEARCH FUND
2019 LEGISLATIVE REPORT

Annual Financial Report to the Joint Legislative Education Oversight Committee
and the Office of State Budget and Management

Submitted November 1, 2019, in accordance with G.5.116-29.1

www.UNCLineberger.org/ucrf




MESSAGE FROM THE CHAIR

As chair of the University Cancer Research Fund (UCRF) Committee overseeing our state’s investment
in the UCRF, I am pleased to share our annual legislative report. For the past dozen years, the UCRF
has been a vital source of support for innovative, meaningful research that has led to tremendous health and
economic benefits for our state and has made a positive impact on the lives of people across North Carolina.

This landmark investment by the North Carolina General Assembly has enabled the UNC Lineberger Com-
prehensive Cancer Center to recruit and retain hundreds of faculty members who are the top-tier experts

in their respective fields. It also has supported collaborations with other campuses in North Carolina and
beyond to bring scientists together to solve the most daunting cancer questions. Thanks to the UCRF, UNC
Lineberger can invest in large-scale data research, imaging tools, community projects, and shared resources
that have benefited our fellow North Carolinians in all 100 counties.

The UCRF also continues to have a profound economic impact on our state - with a return of $10 for every
dollar of UCRF investment. Key economic highlights include:

+ Producing a total economic impact of more than $519.4 million in North Carolina, including
$281.8 million in direct spending in our state;

+ Obtaining more than $164.6 million in federal research grants, and more than $197.5 million in overall
external research funding;

+  Creating and supporting 3,061 high-paying research-related jobs throughout North Carolina. This
includes 1,308 positions directly tied to UNC and 1,753 jobs supported by the indirect and induced
impact of those direct jobs and UCRF funds; and

Generating $17.2 million in local and state tax revenue.

+ The UCREF continues to spur growth in our state’s economy and in our research impacts. On behalf of our
scientists and clinicians working together to improve cancer research and care - and on behalf of all we
serve - thank you for your ongoing support of this incredible investment in the fight against cancer.

Kevin M. Guskiewicz, PhD
Chair, Cancer Research Fund Committee
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INTRODUCTION

Over the past 12 years, the University Cancer Research Fund (UCRF) has been a remarkable source of support for
scientists searching for ways to improve the prevention, treatment and outcomes of cancer - the leading cause of death
in our state and a disease that affects approximately 40 percent of North Carolinians.

In 2007, the year cancer overtook heart disease as North Carolina’s deadliest disease, the General Assembly created the
UCRE to recruit and retain world-class faculty to the Lineberger Comprehensive Cancer Center at the University of North
Carolina at Chapel Hill, and to support their groundbreaking research in the fight against cancer. Given UNC'’s historical
mission of education, research and public service, it has been a top priority to ensure that UCRF resources are used for the
benefit of patients and communities all across North Carolina.

The UCREF has bolstered UNC'’s recognition as an international cancer research leader, has generated an economic impact
of approximately 10-to-1 return on investment, and has funded cutting-edge equipment, facilities and technology resources
that are fueling truly transformative work in the field of cancer research.

From the start, the University Cancer Research Fund has spurred job creation and economic impact in North Carolina. It

continues to generate significant economic benefits for our state, such as:

*  Directly supporting 1,308 research-related employees in FY 2019.

*  Creating the equivalent of 1,753 new induced or indirect jobs, based on an independent economic evaluation.

*  Having an overall economic impact that increases each year, reaching $519.4 million in FY 2019.

*  Leveraging more than $197.5 million in outside funding in 2019 that is directly linked to faculty who were recruited
or retained by UCREF funds, or attributable to innovation grants, technology and infrastructure investments from the
UCRE.

Generating an increased return on investment each year, exceeding a 10-to-1 return in FY 2019.

In addition to these economic impacts, the UCREF has helped patients and providers in North Carolina by supporting
research projects, clinical trials, outreach efforts, technology and data resources, and community-based interventions that
have touched all 100 counties.

UNC Lineberger has been a National Cancer Institute-designated cancer center for more than four decades. In 2016 the
NCI gave Lineberger an “exceptional” rating - the highest that a cancer center can earn - and cited the UCRF as a significant
reason for UNC'’s top ranking.
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INTRODUCTION

HISTORY

In 2007, the year cancer overtook heart disease as North Carolina’s leading cause of death, the General Assembly created
the University Cancer Research Fund. Originally funded by a combination of state appropriations, tobacco settlement
funds, and taxes on non-cigarette tobacco products such as snuff, the UCRF received $25 million in 2007 and $40 million in
2008 before reaching $50 million in 2009.

In 2013, the legislature consolidated all earmarked tobacco settlement monies into the General Fund, eliminating that
source of UCRF support. The portion of UCRF revenue from non-cigarette tobacco product sales has varied year by year. In
FY 2019, the state’s total allocation to the UCRF was $51.5 million.

The Cancer Research Fund Committee, created by the General Assembly to provide continued oversight and to ensure that

UCREF resources are invested responsibly, adopted a Strategic Plan in 2009 to target UCREF resources in areas where they can

have maximum impact:

*  Strategic research priorities in genetics, novel therapies, and outcomes;

*  Clinical excellence through selective opportunities that enable UNC scientists to continue to be a leader in a rapidly
changing field of research; and

*  Critical infrastructure such as technology, training, outreach and other core resources.

Complementing the UCRF’s significance in ongoing research, infrastructure and public service are the state’s two major
capital investments in cancer care. The N.C. Cancer Hospital opened in 2009 and serves patients from all 100 counties,
with its caregivers overseeing nearly 200,000 patient visits each year at the hospital and its affiliated clinics, and serving

as the clinical “home base” for UNC Lineberger research. Marsico Hall opened in 2014 and serves as a cross-disciplinary
collaborative research facility, housing cutting-edge equipment and technology that further accelerates research capabilities.

Since 2008, the Cancer Research Fund Committee has published regular reports on the UCRF’s supported activities. In 2011,
the General Assembly mandated an annual financial report that includes the UCRF’s effects on the state’s economy, details
on expenditures of UCRF monies and outside funds leveraged by UCRF support, and other performance measures. This is
the ninth financial report submitted pursuant to the 2011 legislative requirement.

The University Cancer Research Fund has been a vital investment for our state. It has generated significant economic and
health benefits that will only continue to grow as UNC remains a global leader in the fight against cancer.
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A. Cancer Data Resources

Carolina Breast Cancer Study
Cancer Information and Population
Health Resource *

Lung Cancer Screening Registry
UNC Health Registry *

B. Understanding Cancer Disparities

Cancer Health Accountability for
Managing Pain and Symptoms (CHAMPS)
CDC CRC simulation modeling *
CHANCE

Comparative Effectiveness and
Survivorship health in bladder cancer
Comparative Effectiveness of breast
cancer screening and diagnostic
evaluation by breast density

Effect of the breast density legislation on
supplemental screening

Effect of HPV self-collection on cervical
cancer screening in high risk women
Economic burden of breast cancer
GMaP: Geographic Management of
Cancer Health Disparities Program *
HCaP

Health care utilization for patients with
brain metastases

Health system impacts on care and
survival of solid tumor brain metastases
Molecular, Treatment and Behavioral
factors in BrCA Race disparities *
NCCCS

PCaP

Patient insurance status and physician
chemotherapy choice *

Patterns and predictors of unplanned
emergency department visits and
readmissions in patients with newly
diagnosed lung cancer *

Patterns of cancer care and clinical trial
enrollment among adolescents and

INTRODUCTION

OUTREACH ACROSS NORTH CAROLINA

Projects percounty [ |10-12[  ]13-14 15-17 | 18 - 21

young adults (AYAs) in North Carolina *
Risk based breast cancer screening and
surveillance in community practice *
Rural financial toxicity burden
Rural/urban and distance to care
disparities in stage of diagnosis and
treatment of cervical cancer in North
Carolina

Trends and Quality of Testicular Cancer
Care in North Carolina *

UNC Center for Innovation Award for
Financial Navigation

Well Empowered

C Cancer Screening

Carolina Cancer Screening Initiative
Improving targeted colorectal cancer
screening in the elderly *

Rural Cancer P30 Supplement

SCORE

Trial of a culturally-adapted colorectal
cancer screening decision aid for
American Indians

D. Cancer Survivorship

Adolescent/Young Adult Horizon Study *
Efficacy of a couple-focused, tailored,
symptom self-management mHealth
intervention for prostate cancer patients
and partners

Improving cancer survivorship care
across North Carolina: Training group
intervention leaders

mHealth Physical Activity Intervention
for survivors of adolescent/young adult
cancers

E. Clinic-based Prevention

Duke — UNC Tobacco Treatment
Specialist Credentialing Program
My Body My Test

6

Normalizing preteen HPV vaccination
with practice-based communication
strategies *

F. Commumty-based Prevention

Cancer Conversations

Communication strategies to Increase
HPYV vaccine intentions

FIT Shop: Promoting Physical Activity in
Black Barbershops

Get Real & HEEL: Remote Video
Participation

Outreach with state beauticians for early
detection of scalp melanomas

G Improving Treatment Outcomes

ACCURE - Accountability for Cancer
Care through Undoing Racism and
Equity

Adherence to medications for multiple
chronic conditions in cancer survivors *
Get Real & HEEL

Impact of geographic region, treating
facility, and physician network
characteristics on outcomes for patients
with acute leukemia and multiple
myeloma in North Carolina *

NC ProCESS *

Outcomes in treatment for malignant
biliary obstruction *

Surgical Treatment of Early-Stage Breast
Cancer and the Impact on Cancer-
Related Treatment Costs *

Tobacco cessation for cancer patients
UNC Cancer Network Lay Patient
Navigation Program

UNC Cancer Network Telehealth
Lectures *

UNC Cancer Network eTumor Boards *

* All counties
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ECONOMIC IMPACTS

o determine whether the UCREF is achieving its goal of stimulating North Carolina’s economy, UNC Lineberger again

hired Tripp Umbach, a nationally respected consulting firm, to estimate the UCRF’s economic impact for FY 2019. Tripp
Umbach examined the UCRF’s immediate impact on state income growth and employment. The Fund’s overall economic
impact was estimated as the sum of its direct and indirect and induced impacts (see the full report in the Appendix). Direct
impact resulted from two major sources: expenditures from the UCRF itself, and the expenditure of UCRF-attributable
research funds awarded to UNC by federal, foundation and other sources. The indirect and induced impact was calculated
by applying standard multipliers to direct expenditures.

For FY 2019, UCREF’s total allocation was $51.5 million. Using standard methodologies, Tripp Umbach estimated that in FY
2019 the UCREF:

*  Had an overall economic impact of $519.4 million, including $281.8 million in direct spending and $237.6 million in
indirect and induced impact attributable to external grant funding and downstream spending by employees, vendors
and contractors.

*  Generated more than $10 in economic impact for every UCRF dollar expended.

*  Supported more than 3,061 jobs, including the direct support of 1,308 jobs and an additional 1,753 jobs through the
increased extramural funding and the indirect and induced impacts of those direct jobs and the spending generated
within North Carolina.

Resulted in nearly $17.2 million in state and local tax revenues to North Carolina.

Tripp Umbach has been used for economic analysis since FY 2013. Prior to that, economic impact analyses were performed
by SRA International and the UNC Center for Competitive Economies (Frank Hawkins Kenan Institute of Private
Enterprise). Though these two entities used slightly different methodologies, the calculations and reports are based on
industry standards. Based on their analyses, the cumulative economic impact of the UCREF since its inception is more than
$3.46 billion.

FACULTY JOB CREATION AND RETENTION

Outstanding faculty are at the core of the UCRF’s successes. They lead the groundbreaking research that makes important
advancements in cancer treatment, prevention and early detection. They also hire staff, purchase equipment, train students
and fellows, and earn research funding from other sources inside and outside North Carolina.

+  Recruitment: The UCREF has supported the recruitment of 18 faculty this year. These faculty are developing a wide
range of research programs in cancer genomics, nanomedicine, quantitative biology, health outcomes, multiple cancer
types, health communications, and other areas critical to improving cancer prevention, diagnosis and treatment in our
state.

*  Retention: UCRF support has enabled the retention of six faculty this year, allowing top talent to stay at UNC
Lineberger where they can continue their research and clinical care.
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ECONOMIC IMPACTS

EXTRAMURAL FUNDING GROWTH

Almost all extramural funds come to UNC Lineberger from outside North Carolina, adding significantly to the state’s
economy. Extramural research funding - particularly competitive federal funding - is a key measure for UCRF success.
UCREF support is keeping the state at the forefront of research nationally and leveraging significant amounts of extramural
research funds for North Carolina.

Faculty members have been able to use UCRF support to underwrite research, with their findings being leveraged to
generate additional research funds. Key trends include the following:

FY 2019 funding from outside sources that is directly attributable to the UCREF totaled $197.5 million in annual total cost dollars.
» This amount is based on a snapshot of active attributable extramural funding held by faculty in the first quarter of FY
2019.

° The dollars represent one year of funding. A complete list of the awards is included in the Appendix.

° The positive effects of faculty recruitment and retention, technology enhancement, and developmental projects
have accumulated. The UCRF-attributable extramural funding has substantially increased from $5 million in FY 2008.
By FY 2011, it was $69 million and in FY 2014 was $136.9 million.

° This year, UNC Lineberger has experienced a more than 7.7 percent increase in extramural funding, to more than
$197.5 million, compared to FY 2018. Many of the currently active awards will continue for several more years, and we
fully expect new awards to add to the total.

INTELLECTUAL PROPERTY, INNOVATION AND ENTREPRENEURSHIP

UCRE-supported scientists and programs have generated discoveries that have led to the establishment of companies
committed to converting the research findings into clinical advances. The UCREF collaborates with UNC’s North Carolina
Translational and Clinical Sciences Institute to emphasize an entrepreneurial mindset at UNC Lineberger, and supports
specialized staff to maximize the development and licensing of university intellectual property. More than 40 startup
companies have launched or expanded their reach thanks to the UCRF. Nearly all of these companies are based

in North Carolina, and their workforce includes more than 375 employees in five counties in our state.
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RESEARCH IMPACTS

GUIDING PRINCIPLES FOR UCRF INVESTMENT

The Cancer Research Fund Committee that was created to oversee the UCRF developed a strategic plan to guide the best and
most effective use of the state’s investment. The Committee recommended that UCRF monies target three specific research
priorities - genetics, novel treatments, and outcomes - and to leverage the UCRF to support key clinical and infrastructure
resources.

Strategic Research Priorities: The use of UCRF resources are primarily guided by three specific research priorities where
- with focused investment in major scientific programs, disease-based initiatives, or cutting-edge research platforms - UNC
Lineberger could have meaningful impact and become a world leader:

* Understanding the Role of Genetics in Cancer Causation and Treatment: to discover the genes that predispose
families to cancer and that predispose cancer patients to poor treatment outcomes - especially by looking for the various
genetic mutations in specific cancer subtypes that lead to cancer therapy failure.

* Developing Novel Therapeutics: to devise new therapies that are targeted to the specific vulnerabilities of treatment-
resistant cancers, and to develop new ways of delivering treatments that reduce toxic side effects for patients. This
research priority relates closely to the genetics initiative, and makes key observations that will be utilized in clinical
applications as quickly as possible.

* Optimizing NC Cancer Outcomes: to enhance the quality of oncology and survivor care, and to build population-
based datasets that track the occurrence and treatment of cancer across North Carolina in order to support research
designed to improve community prevention and early detection. The ultimate goal is to understand North Carolina’s
cancer problem at a level unprecedented in the nation and to design research interventions aimed at rectifying these
problems at the practice, health system and community levels.

Clinical Excellence and Infrastructure: The UCRF is leveraged to enable UNC Lineberger to adapt to a rapidly changing
field by establishing critical infrastructure and by pursuing selective opportunities, outside of the three general research
priorities, where UNC Lineberger could strive for clinical excellence and have a major impact.

This approach allows the UCREF to seize research or clinical opportunities as they arise and to provide the top minds in the
field with the resources they need. Examples include seed funds to recruit top researchers; support of technology

and equipment for use by multiple faculty members; competitive, innovative pilot projects; and the development of
shared research resources. Thanks to the UCRF, UNC Lineberger has been able to recruit, retain and support nearly

275 outstanding faculty members with expertise and leadership in key clinical areas during the past 12 years.

Investments in imaging, informatics and fundamental research techniques have given our clinician scientists the tools
they need to improve patient outcomes, while virtual tumor boards and telemedicine connect doctors and hospitals across
the state with UNC Lineberger’s oncology experts. The UCRF provides the opportunity to grow our multidisciplinary
excellence in cancer care and to develop a statewide infrastructure that helps bring leading-edge clinical research and
applications into community practices and research institutions across North Carolina.

This year’s report features a few key focus areas where UNC Lineberger is pushing the research envelope: financial toxicity,
anew and increasingly important field of cancer research; improving detection and personalizing treatment of HPV-related
cancers; and immunotherapy, where patients’ own immune cells are engineered and deployed to kill cancer cells. It also
includes some of the UNC Lineberger studies that have been published in high-impact research journals.

n
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RESEARCH IMPACTS

TOP-LEVEL SCIENTIFIC PUBLICATION HIGHLIGHTS IMPORTANCE OF UNC LINEBERGER WORK

Impact is a key principle that guides our work: Are we focusing on nation-leading research that will truly make a difference in
how scientists approach cancer prevention, detection and care? The work of Lineberger researchers is routinely accepted for
publication in high-impact scientific journals that are highly influential in their fields.

In the past year, the prestigious journal Science - one of the top scientific journals in the world - featured three major UNC
Lineberger research studies making new discoveries that could transform our body of knowledge on cancer and genetics.

One study, by Dale Ramsden, PhD, professor of biochemistry and biophysics, and his colleagues, revealed surprising
findings about the way major breaks in our DNA are repaired. DNA repair is a process cells go through to fix breaks in our
genetic code when it’s been damaged. When DNA repair is not functioning normally, it can lead to cancer.

For many years, scientists have believed that ribonucleic acid (RNA)
is normally used only as a messenger that carries information from
the DNA genetic code to make proteins. This DNA-to-RNA-to-
protein flow of genetic information was widely referred to as “central
dogma.” But Ramsden’s lab found that in living cells, a protein called
a polymerase often uses RNA to accomplish DNA repair. Using RNA
is like a “get out of jail free card,” Ramsden said, allowing the cell to
ignore other problems that would otherwise interfere with successful
repair.

These findings can be used in many ways, such as helping radiation
therapy kill cancer cells more effectively. Adding a compound other
than RNA into the genetic code break would shut down repair efforts
and cause cancerous cells damaged by radiation therapy to die.

Dale Ramsden, PhD

Science also published UNC Lineberger researchers’ discovery of a new driver for the most common type of kidney cancer.
This driver, a protein called ZHX2, could be a potential new therapeutic target for clear cell renal cell carcinoma.

About 90 percent of patients with clear cell renal cell carcinoma have genetic mutations or alterations that cause them to
lose an important tumor suppressor gene called VHL. When VHL is gone, cells accumulate signals that trigger blood vessels
to grow. UNC Lineberger researchers created a screening technique
to discover new molecules that might help drive cancer when VHL

is lost. They zeroed in on ZHX2, a protein that over-accumulates in
these cells and promotes cancerous growth.

UNC Lineberger’s William Kim, MD, professor of medicine and
genetics, said the past decade has seen a number of major treatment
advances in kidney cancer, but that most FDA-approved treatments
are very similar. “Studies like this are important,” said Kim, a
professor of medicine and genetics in the UNC School of Medicine,
“because they delineate the underlying biology of kidney cancer and
William Kim, MD identify novel, distinct pathways to develop drugs against.”
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RESEARCH IMPACTS

The third UNC Lineberger study published in Science involves the
discovery of an advancement for medical imaging: a method for
creating radioactive tracers to better track pharmaceuticals in the body
and to image diseases and other medical conditions.

Positron emission tomography, or PET, imaging makes it possible

for researchers to make new tracers by attaching radioactive tags to
compounds that previously have been difhicult or even impossible to label.
UNC Lineberger researchers found a new way of attaching the radioactive
molecule Fluorine-18, a widely used isotope in PET imaging, by breaking [ !
a specific chemical structure of carbon and hydrogen atoms. — T " Zibo Li, PhD

“Positron emission tomography is a powerful and rapidly developing technology that plays key roles in medical imaging
as well as in drug discovery and development,” said the study’s co-corresponding author, UNC Lineberger’s Zibo Li,
PhD, associate professor in the UNC School of Medicine Department of Radiology and director of the Cyclotron and
Radiochemistry Program at the UNC Biomedical Research Imaging Center.

Their discovery could be used to widen the targets for medical imaging to screen patients for response to a drug, or to aid

in drug development research. The information obtained by the specific new PET tracer could lead to the development of
corresponding treatment plans for immune therapy, depending on the imaging result, which would be an important step in
providing personalized medicine.

Through impactful studies such as these, Lineberger scientists strive to lead the way in advancing research that will combat
one of the world’s deadliest diseases, and lead to better outcomes for survivors and their families.

UNC LINEBERGER SPEARHEADS CLOSER LOOK AT FINANCIAL BURDENS OF DISEASE

Studies of cancer typically focus on its physical or emotional effects on patients, but its financial toll on patients and their
families is a growing field of research. Little is known about the negative financial effects of cancer, or “financial toxicity,”
and how financial toxicity affects patients, their families, and even their ability to get treatment - especially those with
severely advanced disease who are undergoing expensive treatments.

Stephanie Wheeler, PhD, UNC Lineberger member and professor
of public health, is leading several studies that have helped to shed
light on the extent and severity of financial toxicity among cancer
patients, and that have led to design interventions that could help
patients address their financial burdens.

“There are so many patients facing an incurable disease - and
spending their savings on care that ultimately won'’t save their lives,
she said. “We wanted to lay out a design of interventions that could
help with those challenges.”

)

Stephanie Wheeler, PhD Wheeler and her colleagues partnered with the Metastatic Breast
Cancer Network to do an online national survey of more than 1,000
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metastatic breast cancer patients. Questions included sociodemographic information, health insurance status, cost-related
communication with providers, post-treatment financial burden, financial coping strategies, and emotional well-being.

The researchers found that nearly one-third of the women had no insurance, and many felt significant or catastrophic
financial effects from cancer. The results suggest that health insurance is an important, but insufficient, protective factor
against financial ruin or even bankruptcy and that strategies to proactively identify and monitor multiple aspects of financial
risk are needed.

Combining the survey data with CIPHR - a rich data resource funded by the UCREF that includes insurance claims, cancer
registry details, and other information - to examine patients’ out-of-pocket costs and cancer-related financial distress,
Wheeler and her colleagues began looking for solutions to help address the financial strain of costly cancer treatments. They
decided to pilot a financial navigation intervention at UNC Lineberger Comprehensive Cancer Center.

In the pilot, trained oncology support staff called financial navigators looked into patients’ financial health, financial
literacy, employment status, and other economic factors contributing to their financial burden. Navigators then directed
patients to support resources based on their eligibility and level of distress. The pilot was successful: By the end of the study,
patients reported lower levels of out-of-pocket cost burden as well as less worry about their finances.

Wheeler and her co-investigator Donald Rosenstein, MD,

UNC Lineberger member and director of the cancer center’s
Comprehensive Cancer Support Program, recently received a five-
year grant from the National Cancer Institute (NCI) for the next
phase of this study, which will expand the use of financial navigators
and implement them in a different context: Trained financial
navigators will be embedded in five rural oncology clinics across the
state, to see how this intervention works in a different rural setting.

“We are one of just a few groups in the country doing this,” Wheeler
said.

Donald Rosenstein, MD

RESEARCHERS MAKE STRIDES AGAINST HPV-RELATED CANCERS

UNC Lineberger researchers are working on several fronts to improve screening for and treatment of cancers associated with
human papillomavirus (HPV). HPV is linked to several different types of cancers, which often take years or even decades to
develop after a person gets HPV.

For example, HPV infection is linked to nearly all types of cervical cancer. Although cervical cancer is preventable through
early detection and treatment, the American Cancer Society estimates that more than 4,100 women will die from this
disease in the United States this year.

In a study aiming to improve cancer screening rates, UNC Lineberger researchers mailed at-home, HPV self-collection
kits to 193 low-income women in North Carolina who were overdue for screening according to national guidelines. They
detected high-risk HPV in all of the cases of women who were found to have high-grade, abnormal cervical precancerous
growths.

14
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In 2014, the U.S. Food and Drug Administration signed off on using an HPV test to screen for cervical cancer for women 25
years and older, in conjunction with the Pap test. Earlier this year, the U.S. Preventive Services Task Force gave an “A” rating
to HPV primary screening alone for women aged 30 to 65. But HPV tests are mainly done by physicians in clinical practice,
which means that women who don’t go to a clinic for regular medical care are at risk for being under-screened.

“Women are dying unnecessarily of cervical cancer because they either haven’t been vaccinated against HPV in adolescence,
or they’ve not been getting screened according to national guidelines,” said UNC Lineberger’s Jennifer S. Smith, PhD, the
study’s senior author and a professor of epidemiology in the UNC Gillings School of Global Public Health. “Mailing self-
collection kits and returning them to test for high-risk HPV infection has big potential to increase screening access among
under-screened women, and to do that successfully.”

Certain strains of HPV also can cause cancer of the oropharynx (the
back of the throat), including the base of the tongue and tonsils. The
CDC estimates that about 70 percent of oropharyngeal cancer cases
diagnosed in the United States - about 13,000 cases per year - are
probably caused by HPV.

Studies show that head and neck cancers caused by HPV infection
tend to have a better overall outcome than head and neck cancers
related to other factors such as smoking and alcohol. Researchers have
been exploring whether doctors could give less treatment to patients
with HPV-related cancers and still achieve the same level of cure
while reducing toxic side effects from the treatment.

Jennifer Smith, PhD

UNC Lineberger’s Bhishamyjit S. Chera, MD, associate professor in the UNC School of Medicine Department of Radiation
Oncology, and Gaorav P. Gupta, MD, PhD, assistant professor in the UNC School of Medicine Department of Radiation
Oncology, have developed a blood test to detect levels of DNA in blood from HPV-related oropharyngeal squamous cell
carcinoma tumors. They found that this test could be an effective and less costly alternative for monitoring HPV-linked
head and neck cancer patients to ensure they remain cancer-free after treatment.

“The goal of this study was to evaluate whether this test can be used
to track patients who are completely asymptomatic, and thought to
have no active cancer,” Gupta said. “We knew that our test was very
sensitive and specific, but we did not know the degree to which it
would be useful in early detection of disease recurrence in patients
who are otherwise thought to be disease-free.”

Using this new blood test, they examined results from 103
patients who were undergoing chemotherapy and radiation for
oropharyngeal squamous cell carcinoma, and were able to identify
specific characteristics in patients that could be used to stratify and
Gaorav Gupta, MD, PhD personalize treatment for patients with oropharyngeal cancer.
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“In the future, dynamic, real-time monitoring of circulating tumor
HPV DNA in the blood during treatment may help us better
personalize and select treatment - especially the ability of radiologists
to actually reduce the level of radiation and chemotherapy we give the
patient,” Chera said.

Researchers are planning to open a clinical trial in which
oropharyngeal cancer patients are stratified to receive different
levels of therapy based on real-time monitoring of circulating tumor
HPV DNA. They also believe the blood test could be used for to

help patients with other HPV-linked cancers, including cervical
cancer. Bhishamijit S. Chera, MD

STUDIES SHOW PROMISE FOR USING PATIENTS' OWN IMMUNE CELLS TO FIGHT CANCER

UNC Lineberger researchers have reported promising early results from a clinical study of an investigational cellular
immunotherapy that used patients’ own genetically engineered immune cells to recognize and fight Hodgkin and non-
Hodgkin lymphoma.

Data from the trial showed that the treatment was safe, and it generated notable responses in heavily pretreated patients
when used after a specific chemotherapy regimen, researchers reported. UCRF resources built the capability to bring this
type of treatment to North Carolinians by providing funds to construct an FDA-compliant human cellular manufacturing
facility in Chapel Hill.

“Our results were definitely promising especially given how many
patients in the study had progressed on multiple other treatments,”
said UNC Lineberger’s Natalie Grover, MD, assistant professor in
the UNC School of Medicine Division of Hematology/Oncology.
“Hodgkin lymphoma is a generally curable disease, but there is

a small percentage of patients who have bad disease that doesn’t
respond to therapy. From these early results, this could be superior
option for them to extend the quality of their life.”

Cellular immunotherapy involves extracting disease-fighting immune

4 cells - called T-cells - from the patient’s blood and genetically

Natalie Grover, MD ' engineering them to recognize the patient’s cancer. The researchers
use a modified virus to insert DNA into the T-cells, which spurs

the T-cells to express a receptor that allows them to recognize and destroy cancer cells. The hybrid T-cells, called chimeric

antigen receptor T-cells, (CAR-T) are then multiplied and infused back into the patient. UNC Lineberger’s first clinical trials

used T-cells engineered to recognize tumors expressing the CD30 protein marker.

Researchers presented preliminary data for 24 patients. The majority of patients had Hodgkin lymphoma, a disease affecting
white blood cells that is considered one of the most curable cancers. In some patients, however, the disease can progress

and become resistant to treatment. Prior to enrolling in the study, most patients had received more than seven treatments,
including brentuximab vedotin, which can target the CD30 marker.
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“The most important findings were that we identified a regimen that can be used with these specific cells, and make a
difference in the outcome for these patients without significant toxicities associated with other cellular immunotherapies,”
said the study’s senior author and UCRF-funded recruit Barbara Savoldo, MD, PhD, assistant director of the UNC
Lineberger Immunotherapy Program and professor of pediatrics in
the Division of Hematology/Oncology.

Studies are ongoing to try to improve outcomes for the investigational
treatment, including another clinical trial designed to evaluate a
mechanism for recruiting CAR-T to tumor sites.

In another immunotherapy discovery at UNC Lineberger, Eben
Lichtman, MD, a clinical instructor in the UNC School of Medicine
Division of Hematology/Oncology, has found a way to use CAR-T

to target a subtype of acute myeloid leukemia (AML). AML is the
most common acute leukemia in adults, with only about 25 percent of
patients living more than five years from diagnosis.

Barbara Savoldo, MD, PhD

“CAR-T therapy has emerged as an important and successful component

of therapy for acute lymphoblastic leukemia, or ALL, but CAR-T treatment has been more elusive for AML,” Lichtman said.
“This is partly because no good targets have been identified on the surface of AML cells that allow us to use CAR-T to target
them without also targeting normal components of our immune system.”

Lichtman and colleagues found that a protein called B7-H3, which is found on the cell surface of a certain type of AML that
is particularly aggressive, could be a good target for immunotherapy. They created T-cells that tracked the B7-H3 marker that
proved effective in both controlling tumor cell growth and prolonging survival in mouse models with this disease. While
this marker also can be found on certain immune cells called “antigen presenting cells” that act as scouts for the immune
system, targeting the cancer with CAR -T therapy did not cause significant toxicity in their preclinical experiments.

“Allogeneic transplant, and the associated graft versus leukemia effect — which is where donor cells attack the leukemia —
are already important ways of controlling AML,” Lichtman said. “If we are able to engineer our own T-cells to attack the
leukemia cells, it could be a much safer, and more effective, way to treat this disease.”
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RESEARCH PRIORITY 1: GENETICS IN CANCER CAUSATION AND TREATMENT

SCIENTISTS DISCOVER KEY ENZYME IN BREAST CANCER PROLIFERATION, TREATMENT
RESISTANCE

Basal-like breast cancer - the most aggressive and difficult-to-treat
subtype of breast cancer - largely overlaps with another aggressive
subtype, called triple-negative breast cancer. UNC Lineberger
researchers have uncovered a possible reason why these cancers are so
aggressive.

In lab experiments, they discovered that an enzyme called USP21, the
most frequently amplified enzyme of its class in these types of tumors,
promoted proliferation of basal-like breast cancer. This discovery
offers scientists a much-needed target for new therapies to battle
aggressive breast cancer subtypes.

Michael Emanuele, PhD

The researchers demonstrated that USP21 depletion sensitized basal-

like cancer cells and tumors to paclitaxel, a front-line therapy in basal treatment. They are further testing these findings in
additional animal models of breast cancer to validate USP21 as a potential drug target, and also plan to test compounds to
inhibit USP21.

“We think USP21 could not only drive basal-like breast cancer in patients, but could represent a new, future target for therapeutic
intervention,” said UNC Lineberger’s Michael Emanuele, PhD, associate professor of pharmacology and the paper’s senior
author. “Targeting USP21 could sensitize cancer cells to therapies already in clinical use to treat patients with this disease.”

NEW STUDY EXPLAINS HOW TUMORS RECRUIT BLOOD VESSELS

A study by Lineberger researchers helps explain how tumors recruit
blood vessels that provide fuel for their growth as well as an avenue
for the tumors to spread - and uncovers a potential treatment strategy
to block blood vessel growth.

“We found a potential new way to block tumor angiogenesis, which is
development of new blood vessels, and by extension, prevent cancer’s
spread in the body,” said UNC Lineberger’s Chad Pecot, MD,
associate professor in the Division of Hematology/Oncology. “This

is important because metastasis is the most common cause of cancer-
related deaths.”

Chad Pecot, MD o )
Pecot’s lab previously found that treatment with a certain family

of molecules, called the microRNA 200 family, suppressed the

development of tumor blood vessels. In their new study, researchers
observed low levels of microRNA 200 in tumor endothelial cells, the predominant cells that make up blood vessels. This
finding could explain why there is increased blood vessel growth to cancer tumors.
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The researchers uncovered that to prevent blood vessel growth in normal conditions, microRNA 200 blocks expression of a
gene that codes for a protein named “quaking.” This is linked to blood vessel growth because the quaking protein is involved
in promoting cell division in endothelial cells. In tumor endothelial cells, because microRNA 200 levels are low, that allows
for more quaking production, which in turn spurs cell division.

Pecot and his team studied the effect of inhibiting this pathway in mouse models of metastatic lung cancer using a variety of
methods - including the use of nanoparticles to deliver small interfering RNA molecules, microRNA 200, and palbociclib,
an existing drug approved in the United States for certain types of advanced breast cancer.

“We tried a lot of different ways of inhibiting different stages of this pathway, and they all had the end result of inhibiting
metastasis in our cancer model, and changing the tumor vasculature,” said Salma Azam, a graduate student in the
Department of Genetics who is working in Pecot’s lab.

RESEARCHERS CLARIFY ROLE OF MUTATIONS IN DEADLY BRAIN CANCER

Researchers from UNC have discovered how different mutations in a specific gene help drive glioblastoma, the most lethal
form of brain cancer.

-
Studies have found that the PIK3CA gene is mutated in about
10 percent of glioblastoma cases. Unlike some cancers in which
mutations typically occur in a specific location of a gene, mutations
in PIK3CA can occur in multiple different parts of the gene in
glioblastoma. In the preclinical study, researchers investigated
whether the location of the mutation within the sequence of the

PIK3CA gene affected the mutation’s ability to drive cancer growth. ¢

-

“One approach to personalized medicine has been to sequence the
tumor to find any type of mutation in genes for which there are drugs ,
that target them, and then treat all patients the same,” said UNC C. Ryan Miller, MD, PhD
Lineberger’s C. Ryan Miller, MD, PhD, an associate professor in the

UNC School of Medicine Departments of Pathology and Laboratory

Medicine, Neurology, and Pharmacology. “We think it’s going to need to be more nuanced than that.”

¢

Their findings call for a more refined approach to precision medicine for glioblastoma. They say more information about
tumor mutations is needed - such as whether there are mutations in genes like PIK3CA, where the mutation is located in
the gene, what its biochemical mechanism is, and what other genes are mutated in that tumor.

Glioblastoma is the most common primary malignant brain tumor in adults. Current treatments, which can include surgery,
radiation and chemotherapy, have had limited effectiveness. Clinical trial results have been disappointing for drugs targeting
certain molecular pathways driven by mutations commonly found in the disease.

Miller and colleagues found that specific mutations in the PIK3CA gene help to drive the cancer. And while the presence of
mutations was not linked to a greater response to treatment with a single drug targeting the PIK3CA pathway, they did see
improved response with two different therapies: buparlisib and selumetinib.
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The researchers’ next step will be to evaluate drugs targeting the particular downstream effects of the different pathways.
They hope future studies could help identify additional potential therapeutic targets in glioblastoma, while helping to guide
clinical trials using existing drugs.

RESEARCH PRIORITY 2: DEVELOPING NOVEL THERAPEUTICS

RESEARCHERS LAY THE FOUNDATION FOR PERSONALIZED IMMUNE TREATMENTS
FOR LEUKEMIA

In one of several UCREF studies focusing on developing novel treatments for cancer, UNC researchers have confirmed a
way of using genetic sequencing and computer predictions to aid in the development of highly personalized immune-based
treatments for individual leukemia patients undergoing stem cell
transplantation.

A patient’s cells can have unique genetic signatures that produce
proteins that are distinct from any proteins found in the stem cell
donor. These proteins can serve as markers for the cancer cells’
destruction by the donor’s natural defense system, which occurs
during stem cell transplants. UNC Lineberger members Benjamin
Vincent, MD, associate professor of microbiology and immunology,
and Paul Armistead, MD, PhD, associate professor of medicine,
have validated the use of genetic sequencing and computer software

to predict which of those patient sequences resulted in unique surface Benjamin Vincent, MD
markers, called minor histocompatibility antigens.

Vincent and Armistead tested whether their software could predict
antigenic targets in a group of 101 leukemia patients who had
undergone stem cell transplants. Using the software, they correctly
identified 16 of 18 unique surface markers that are known to occur
in acute myeloid leukemia (AML), and verified a new antigen

that is common in AML cells that could serve as a new target for
immunotherapy.

The researchers could potentially use their predictions on patient-
specific therapies where donor immune cells are engineered to
specifically target the cancer cell antigens while preventing graft-

Paul Armistead, MD, PhD versus-host disease, in which the donor’s immune cells attack healthy
tissues.

“If you could identify and activate the immune cells from the stem cell donor that only target leukemia cells, and not
normal, healthy cells, that would be a big win,” Vincent said.
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RESEARCHERS FIND POTENTIAL KEY TO UNLOCKING THE IMMUNE SYSTEM
IN PANCREATIC CANCER

UNC Lineberger scientists have discovered that a molecule called interleukin-35 (IL35) suppresses cancer-fighting immune
cells in pancreatic cancer - and that removing this molecule would help shrink tumors when paired with drugs that unleash
the immune system against cancer.

“In pancreatic cancer, the immune cells that are present in the
tumor are not the ones that respond to immunotherapy,” said UNC
Lineberger’s Yuliya Pylayeva-Gupta, PhD, assistant professor in the
UNC School of Medicine Department of Genetics. “We now better
understand how these cells are suppressing the anti-tumor response.”

Immune-based treatments known as checkpoint inhibitors have been
effective in treating some cancers, including advanced melanoma,

but have not worked in pancreatic cancer. Pylayeva-Gupta and
colleagues found that laboratory pancreatic cancer models lacking
IL35 had reduced tumor growth, and showed improved response by
cancer-killing cells. They discovered a synergism when they added in Yuliya Pylayeva-Gupta, PhD
checkpoint inhibitors to their models lacking IL35.

“We need some sort of agent that can shrink the patient’s tumors to the point where we can remove the entire cancer during
surgery, or shrink them and obliterate them altogether,” she said.

Pancreatic cancer is the third most deadly cancer in the United States, with just 8.5 percent of patients living five years
following diagnosis. Pancreatic cancer is often diagnosed at late stages after it has spread to surrounding organs, which
makes surgical removal difficult. Pylayeva-Gupta believes linking these checkpoint inhibitors that work in melanoma but
not pancreatic cancer to targets that also remove IL35 could help shrink tumors enough so that surgery becomes an option.

The National Cancer Institute has awarded Pylayeva-Gupta a grant for more than $2.2 million across five years to support
her research into the immune response in pancreatic cancer.

“Understanding the role of immune regulation in pancreatic cancer represents a crucial stepping stone on our way to
advancing care for these patients,” she said.

NEXT-GENERATION SEQUENCING OF COLORECTAL CANCER COULD HELP
TAILOR TREATMENTS

Using next-generation sequencing of tumor DNA from colorectal cancer patients, UNC researchers have discovered genetic
alterations that are linked to different survival and treatment outcomes - findings that could help guide more effective
treatments for colorectal cancer, the second leading cause of cancer death in the United States.

UNC Lineberger’s Federico Innocenti, MD, PhD, associate professor in the UNC Eshelman School of Pharmacy, and
colleagues categorized tumor types that were once believed to be homogeneous, and identified new patient subgroups that
might benefit from tailored therapies. They analyzed mutations in tumors of 843 patients who participated in a Phase III
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clinical trial to compare treatment with chemotherapy plus either
bevacizumab or cetuximab - two regimens that are now the standard
of care for advanced colorectal cancer.

The researchers used tumor samples to analyze genetic mutations in
the DNA, and then examined associations between the mutations
and data on patients’ responses to the treatments and survival.
Among the key findings:

«  Patients with a lot of genetic repeats in their tumor DNA - called
microsatellite instability - had longer survival when treated with
bevacizumab compared to patients treated with cetuximab.

Federico Innocenti, MD, PhD

»  Patients with tumors that had more genetic variation lived longer than
patients who had tumors with less variation. This discovery helped define a new subgroup of patients with better prognosis.

Next, researchers want to know how the body’s immune system interacts with these mutations, and whether patients with
higher genetic variation will be more responsive to immunotherapy treatments. Further research will study additional ways

of stratifying patients based on their genetic features to improve outcomes.

“It is crucial to define which patients could be responsive to immunotherapy in this setting, and this study shows the first
promising evidence to do so,” Innocenti said.

RESEARCH PRIORITY 3: OUTCOMES

UNC LINEBERGER LEADERS EXAMINE THYROID CANCER TRENDS IN IREDELL COUNTY

In response to community concerns about thyroid cancer trends in Iredell County, UNC Lineberger leaders brought
together a team of doctors, epidemiologists and environmental scientists to examine patterns and causes of thyroid cancer in
North Carolina.

The NC Thyroid Panel - made up of experts from the National Cancer Institute, the N.C. Department of Health and
Human Services, Duke University, UNC Lineberger and other agencies and institutions - shared existing thyroid cancer
research for the state and nation at a community meeting in Statesville, and in July released a report with the following
recommendations:

+  Develop new data resources including a population-based thyroid cancer patient study to gather new information on
factors that may influence thyroid cancer in North Carolina; an analysis of health care claims data to better understand
clinical practice patterns, detection patterns, and other thyroid disease patterns; and examining current cohort studies
on potential risk factors for thyroid cancer to test NC-specific hypotheses.

+ Investigate potential associations between exposure to coal ash, coal-burning emissions, and papillary thyroid cancer;
conduct a geospatial analysis of thyroid cancer in states neighboring North Carolina and a comparative analysis of other
cancers in counties with elevated rates of thyroid cancer; examine risk factors and access to health care in Iredell County
and other communities with elevated cancer rates.
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*  Consult with local and national experts on cancer rates and study
methods, tools and approaches that could be useful when applied
to NC cancer data; enhance the NC Central Cancer Registry’s
classification of thyroid cancer; and consult with researchers in
other states who have found elevated cancer rates.

Andrew F. Olshan, PhD, public health professor of epidemiology
and associate director for population sciences at UNC Lineberger, said
the group’s goal is to recommend what it would take to investigate the
cancer patterns in the state, and parse through the possible multiple
competing explanations for these patterns in rates.

Andrew F. Olshan, PhD

“We’re trying to coalesce expertise to really say for the county and the
state, what are the next logical, well-considered steps? What would
constitute a cost-effective research strategy? And can we leverage existing data?” he said.

PATIENT-REPORTED SYMPTOMS OFFER INSIGHT FOR CLINICAL TRIALS

In a first-of-its-kind study, UNC Lineberger researchers and collaborators have found that allowing patients to write, in their own
words, about treatment-related symptoms they experienced while participating in clinical trials can provide valuable information.

Usually, patients answer questions about pre-selected symptoms when they report treatment-related effects during clinical
trials. But when allowed to write or choose their own symptoms in the study, patients revealed a wide range of additional
issues, ranging from pain to insomnia, issues with concentration, to muscle spasms and mouth sores.

The researchers used software developed by the National Cancer Institute to study the impact and feasibility of having
patients report additional symptoms beyond those assessed in trial-specific questionnaires. The software allowed patients to
enter additional symptoms either by typing into a text box and choosing from selections offered from a drop-down menu, or
by typing their own words entirely.

More than 1,700 patients participated in the study - and about 58
percent of them provided supplemental symptom information.
The most common patient-reported symptoms were problems
with tasting food and drink, muscle spasms, headache, nosebleeds,
problems with concentration, dry mouth, fatigue, insomnia, and
numbness and tingling in hands or feet.

The researchers believe that allowing patients to submit their own
symptom reports is important. Many patients experienced diverse
types of symptoms, and some revealed symptoms that were not
assessed in trial-specific questionnaires.

Arlene Chung, MD, MHA, MMCi

“Trial-specific adverse event questionnaires are usually based on what
is anticipated in terms of the symptoms patients may experience during a given treatment regimen,” said the study’s lead
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author, UNC Lineberger’s Arlene Chung, MD, MHA, MMCi, assistant professor of medicine and pediatrics, and associate
director of health and clinical informatics in the UNC School of Medicine.

“Giving patients the opportunity to author their own symptomatic adverse event reports provides a more patient-centered
way for them to let us know about any additional symptoms experienced beyond what is elicited from trial-specific
questionnaires.”

Their findings helped illuminate which types of symptoms researchers might expect for a given treatment under study -
which would be especially useful during early-stage clinical trials when less is known about possible symptomatic adverse
events. Chungand colleagues also plan to design and develop additional software to mine patients’ free-text narratives using
natural language processing and machine learning.

MEETING CARE NEEDS WITH FEWER CANCER SPECIALISTS, MORE CANCER SURVIVORS

UNC Lineberger Director of Cancer Survivorship Deborah K. Mayer, PhD, RN, AOCN, FAAN, outlined an approach to
make the U.S. health care system better able to meet the expanding need for cancer survivorship care in a commentary she
co-authored in the Journal of the National Cancer Institute.

A nationally recognized leader in cancer survivorship, Mayer also
serves as the interim director of the National Cancer Institute’s Office
of Cancer Survivorship and is an advanced practice oncology nurse
with more than 40 years of experience in cancer nursing, education
and research.

An aging population, a growing number of cancer survivors, and a
projected shortage of cancer care providers will lead to challenges in
delivering the care for U.S. cancer survivors if systemic changes are
not made, wrote Mayer and Catherine M. Alfano, PhD, vice president
of survivorship at the American Cancer Society. Compounding the
problem, they said, is the growing number of cancer survivors age Deborah K. Mayer. PhD, RN, AOCN, FAAN
65 years or older, who are more likely to have multiple health issues in

addition to cancer-related medical needs.

“The number of new patients diagnosed with cancer is relatively flat, which is good news, and the number of survivors

is growing exponentially which is also good news,” said Mayer, who is also the Frances Hill Fox Distinguished Professor

of Nursing at the UNC School of Nursing. “However, we are now faced with the challenge of how to create ‘right-sized’
follow-up care in oncology. How do we transition survivors in a rational way that ensures they receive the proper follow-up
care in the most appropriate setting by the most appropriate providers?”

People are waiting longer to receive cancer care in the United States, and studies suggest it will continue to be an issue in the
years ahead if changes are not made. It’s estimated that there will be a shortage of 2,200 oncologists, or approximately a 10
percent gap in providers, by 2025.

To address this gap, Mayer and Alfano recommend that the U.S. health care system develop risk-stratified cancer follow-up
care, an approach that has been effective in Australia, Canada and the United Kingdom. Risk stratification involves assigning
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aperson to a level of care management based on a health assessment of current and projected complexity of their medical
needs and the type of health care provider their care requires.

The health assessment covers a range of issues, including overall prognosis, likelihood of cancer recurrence and new
secondary cancers, the potential risk and impact of cancer treatment side-effects (both chronic and late-stage), psychosocial
and socio-economic challenges, and the person’s ability to navigate the health care system and manage their own health
needs.

Patients deemed to have a low risk of immediate or late-stage complications would receive follow-up care from their primary
care provider. Patients experiencing moderate and ongoing problems would be followed by advanced practice providers
focusing on survivors or “shared care” with both primary care and oncology expertise. Patients with complex care issues,

or who were expected to experience significant cancer-related issues in the future, would receive their follow-up care from a
multidisciplinary team of care givers, including an oncologist.

“The goal of the risk-stratification model is to provide the best possible follow-up care for cancer survivors in the most
appropriate setting,” Mayer said. “For this to be successful, it needs to be shaped by the perspectives of patients and their
families, clinicians, insurers, advocates and health policy experts.”
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FACULTY IMPACT: RESEARCH AND SERVICE

Gianpietro Dotti, MD, professor of microbiology and immunology, was named a co-leader of

a multi-institutional Stand Up to Cancer “Dream Team,” which will use an $8 million grant to
focus on developing chimeric antigen receptor T-cell (CAR-T) therapies to recognize and attack
T-cell lymphoma, a group of rare cancers of the blood and immune system. The team, in addition
to Dotti, includes five researchers from UNC Lineberger: Anne Beaven, MD; Paul Eldridge, PhD;
Natalie Grover, MD; Joel Parker, PhD; Barbara Savoldo, MD, PhD. Patty Spears, who chairs the
UNC Lineberger Patient Research Advocacy Group, was appointed as advocate.

Daniel S. Reuland, MD, MPH, professor of medicine, received a $5.5 million grant from the
National Cancer Institute to boost colorectal cancer screening, follow-up and care referrals

in community health centers in North Carolina. Reuland and his Carolina Cancer Screening
Initiative colleagues will work with community health center networks that serve two regions in
North Carolina, including an 11-county region in northeastern North Carolina with higher than
average colorectal cancer mortality, to test screening approaches aimed at creating a long-term
state-level strategy to reduce colorectal cancer burden and disparities through improved screening
in community health center populations.

The National Cancer Institute has awarded a five-year, more than $2.2 million grant to Yuliya
Pylayeva-Gupta, PhD, assistant professor of genetics, to support her research into the immune
response in pancreatic cancer, one of the deadliest cancers. The researchers will use the grant

to investigate the mechanism behind the effect of IL-35 on the immune system in pancreatic
Pylayeva-Gupta cancer, and to identify treatment targets at which to direct a combination of current and novel
immunotherapies.

Paul A. Dayton, PhD, associate chair, Joint Department of Biomedical Engineering at UNC

and N.C. State University, and his colleagues were awarded a five-year, $3.2 million grant from
the National Cancer Institute to investigate how to improve radiation treatment for pet dogs
undergoing treatment for sarcoma. They will study whether non-toxic, oxygen-filled bubbles

can help overcome problems of low oxygen, or “tumor hypoxia,” which can make a tumor less
responsive to radiation therapy. They hope their findings could ultimately shine light on whether
their strategy could also improve radiation treatment for people.

Susan G. Komen has allocated $1.125 million to support breast cancer research at UNC Lineberger.
Lisa Carey, MD, the Richardson and Marilyn Jacobs Preyer Distinguished Professor in Breast
Cancer Research, received a $400,000 grant to evaluate how HER2-positive tumors respond to
targeted therapies. Komen also awarded $725,000 to support the Carolina Breast Cancer Study
Phase 111, which will focus on identifying determinants of disparities in breast cancer clinical
outcomes, including biologic, racial, socioeconomic, behavioral factors and identify modifiable
factors in clinical care that address the causes of disparities.
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Kurt Ribisl, PhD, the Jo Anne Earp Distinguished Professor in Health Behavior, was cited in a
study as one of the most prolific authors of scientific publications about electronic cigarettes, and
among academic institutions, UNC has published the third largest number of journal studies on the
topic. Ribisl said UNC has prioritized conducting studies about e-cigarette studies and are focused
on many areas of interest to the public and to policy makers, including consumer perceptions

of product risk; impact of flavors, sales and marketing practices of vape shops; youth access; and
development and testing of product warning labels.

Ribisl

Jennifer Lund, PhD, assistant professor of epidemiology, was awarded a $732,000 grant from the
Patient-Centered Outcomes Research Institute to improve the design of clinical trial to evaluate
population-level benefits and harms of treatments. Lund will be focused on developing research
tools to visualize differences between colon cancer patients enrolled in randomized clinical trials
and those treated in clinical practice, with respect to their demographics as well as how their
treatment is administered. While randomized controlled trials have been considered the gold
standard, they often underrepresent certain subgroups of patients (e.g., adults age 65+ years,
women, racial and ethnic minorities.)

Lund

Channing Der, PhD, the Sarah Graham Kenan Distinguished Professor, was presented with a
National Cancer Institute Outstanding Investigator Award, which provides up to $4.2 million '
in research support over seven years. The grant was created to recognize and fund accomplished B Der
leaders in cancer research who are working on science with breakthrough potential. Der’s research
is focused on pancreatic ductal adenocarcinoma, a deadly form of cancer, with a specific goal to
create scientific insights that can inform the development of new and more effective therapies for
this highly deadly cancer.

Bryan L. Roth, MD, PhD, the Michael Hooker Distinguished Professor of Pharmacology, has
been elected to the American Academy of Arts and Sciences, one of the oldest academic societies in
the United States and is dedicated to honoring excellence and leadership, working across disciplines
and divides, and advancing the common good. Roth’s scientific achievements are many, including
solving the crystal structure of the activated kappa opioid receptor bound to a derivative of
morphine. This discovery led to the development of a new drug-like compound that activates only
that receptor, a key step in the development of better pain medications.

M. Patricia Rivera, MD, professor of medicine, received the American Thoracic Society’s Thoracic Rivera
Oncology Assembly Lifetime Achievement Award for her outstanding scientific contributions in
the field of thoracic oncology and her longstanding service to the organization, including serving as
chair of the Thoracic Oncology Assembly.

Charles M. Perou, PhD, the May Goldman Shaw Distinguished Professor of Molecular Oncology,
was honored by OncLive as a 2019 Giant of Cancer Care for his scientific achievements that have
advanced the field of cancer diagnostics. Perou is internationally renowned for his research that
demonstrated how breast cancer can be classified into different subtypes based on biological
differences, a inding that continues to improve clinical treatments and inform research. These
insights into genetic and genomic characteristics have contributed to the development of precision
medicine in cancer.
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DEVELOPING RESEARCH PARTNERSHIPS ACROSS THE UNIVERSITY OF NORTH CAROLINA

SYSTEM

UNC Lineberger’s leadership understands the value of developing research partnerships with investigators at other
University of North Carolina System institutions. In 2018, the cancer center funded five research projects at NC State and
East Carolina, which are in addition to UNC Lineberger’s decade-long collaboration with faculty at North Carolina Central
University. These partnerships make it possible to bring together a wider array of insights and resources to bear on the causes
of cancer, the development of novel therapies and approaches to prevent the disease.

2018 NORTH CAROLINA STATE UNIVERSITY AWARDS

Principal Investigator

Other Investigator

Project Title

Category

PhD, Associate Professor,
Clinical Sciences

Liquid Biopsy for Glioma
Diagnosis in Dogs

Jason Haugh, PhD Systems Biology of Signaling Basic Science
Professor, Biomolecular Networks in Melanoma

Engineering

Christopher Mariani, DVM, Matthew Breen, PhD Cerebrospinal Fluid as a Clinical/ Translational

Matthew Breen, PhD,
Distinguished Professor,
Molecular Biomedical Sciences

Epigenetic investigation

of canine prostate cancer
as a model for castration-
resistant prostate cancer

inmen

Basic Science

2018 EAST CAROLINA UNIVERSITY AWARDS

Principal Investigator Other Investigator Project Title Category
Heather Wright, PhD Darla Liles, MD, Tamoxifen Effects on Cognition and Clinical/
Professor, Communications | Medicine Language in Breast Cancer Translational

2018 UNC/NCCU COLLABORATIVE AWARD

Principal Investigator

Other Investigator

Project Title

Category

Scott William PhD
Professor, Pathology &
Laboratory Medicine

Xiaoxin “"Luke” Chen, MD, PhD
(NCCU)

Role of hotspot p53
mutations and “reverse”
sexual dimorphism

in oral and esophageal
squamous cell carcinoma

Basic Science
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FY 2019 RECRUITMENT AND RETENTION

FY 19 RECRUITMENT
CRITICALINFRASTRUCTURE

Marjory Charlot, MD, MPH, MSc
Assistant Professor

UNC School of Medicine

Division of Hematology/Oncology
Cancer outcomes disparities; lung
cancer

Boston Medical Center

Gita Mody, MD, MPH

Assistant Professor

UNC School of Medicine
Department of Surgery

Thoracic oncology; surgical outcomes
Harvard Medical School

Zev Nakamura, MD
Assistant Professor

UNC School of Medicine
Department of Psychiatry
Psycho-oncology; cognitive
impairment

University of North Carolina

Shetal Patel, MD, PhD
Assistant Professor

UNC School of Medicine
Department of Medicine

Lung cancer; targeted therapies
University of Pennsylvania

Siddharth Sheth, DO, MPH
Assistant Professor

UNC School of Medicine
Department of Medicine
Head and neck cancer;
immunotherapy

University of North Carolina

Kyle Wang, MD

Assistant Professor

UNC School of Medicine
Department of Radiation Oncology
GI and head and neck cancers; cancer
outcomes

University of North Carolina

Wendell Yarbrough, MD, MMHC,
FACS

Thomas J. Dark Distinguished
Professor of Otolaryngology/Head and
Neck Surgery

UNC School of Medicine
Department of Otolaryngology/Head
and Neck Surgery

Cancer cell biology; head and neck
surgery

Yale School of Medicine

DEVELOPING NEW TREATMENTS

Tessa Andermann, MD, MPH
Assistant Professor

UNC School of Medicine
Department of Medicine

Infection and immune responses in
bone marrow transplant patients
Stanford University School of Medicine

Matthew FElick, PhD

Associate Professor

UNC School of Medicine
Department of Pathology and
Laboratory Medicine

Pancreatic cancer

Cincinnati Children’s Hospital Medical
Center
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Stephanie Downs-Canner, MD
Assistant Professor

UNC School of Medicine
Department of Surgery

Breast surgical oncology; tumor
immunology

Meworial Sloan Kettering Cancer Center

OPPORTUNITY

Daniel Dominguez, PhD
Assistant Professor

UNC School of Medicine
Department of Pharmacology
RNA processing in cancer
Massachusetts Institute of Technology

Ageliki Tsagaratou, PhD
Assistant Professor

UNC School of Medicine
Department of Genetics
Epigenetics of cancer and immune
response

La Jolla Institute for Allergy and
Immunology

OPTIMIZING NC OUTCOMES

Chineme Enyioha, MD, MPH
Assistant Professor

UNC School of Medicine
Department of Medicine
Health disparities; patient
engagement

University of North Carolina

Marissa Hall, PhD

Assistant Professor

UNC Gillings School of Global Public
Health

Department of Health Behavior
Cancer prevention

University of North Carolina
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Erin Kent, PhD

Associate Professor

UNC Gillings School of Global Public
Health

Department of Health Policy and
Management

Patient-centered and family-engaged
outcomes research

National Cancer Institute

Sarah Mills, PhD, MPH

Assistant Professor

UNC Gillings School of Global Public
Health

Department of Health Behavior
Tobacco use; tobacco-related

disease

University of North Carolina

Emily Ray, MD, MPH
Assistant Professor

UNC School of Medicine
Department of Medicine
Breast cancer; cancer outcomes
research

University of North Carolina

Trevor Royce, MD, MPH
Assistant Professor

UNC School of Medicine
Department of Radiation
Oncology

Genitourinary cancer; breast cancer;

health care policy
Harvard Medical School

Institutions from which the faculty were

recruited

FY 19 RETENTION

DEVELOPING NEW TREATMENTS

Sharon Campbell, PhD
Professor

UNC School of Medicine
Department of Biochemistry &
Biophysics

Molecular therapeutics; oncogene
structure

Greg Wang, PhD

Associate Professor

UNC School of Medicine
Department of Biochemistry and
Biophysics

Cancer epigenetics; leukemia;
myeloma

3]

Jared Weiss, MD

Associate Professor

UNC School of Medicine
Department of Medicine
Lung cancer; immunotherapy

OPPORTUNITY

Dirk Dittmer, PhD

Professor

UNC School of Medicine
Department of Microbiology and
Immunology

Cancer virology

OPTIMIZING NC OUTCOMES

Louise Henderson, PhD,
MSPH

Associate Professor

UNC School of Medicine
Department of Radiology
Cancer screening; outcomes

Melissa Troester, PhD

Professor

UNC Gillings School of Global Public
Health

Department of Epidemiology

Breast cancer epidemiology; cancer and
the environment
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FACULTY RETENTION AND RECRUITMENT
35
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Totals for
all years . Retention 54 Recruitment 219 Total 273

32

UNC LINEBERGER COMPREHENSIVE CANCER CENTER | UCRF 2019



CRITICAL INFRASTRUCTURE

SUPPORTING INFRASTRUCTURE AND SHARED RESOURCES

In addition to supporting the recruitment and retention of world-class researchers and clinicians, the UCRF has funded
critical core infrastructure and shared resources such as imaging, informatics and other research tools that are indispensable
in our efforts to advance cancer research and care. The development of virtual tumor boards, telemedicine, community and
provider partnerships, and other outreach initiatives have helped UNC reach patients and clinical practices in communities
all across North Carolina.

UNC CANCER NETWORK EDUCATES MEDICAL PROFESSIONALS, PATIENTS

A vital part of UNC’s mission as a teaching hospital is to provide continuing education to health care providers across
the state. Physicians and other health professionals can earn continuing medical education (CME) credits - a continuing
education credit owned by the American Medical Association - by attending events sponsored by an accredited provider.
They can use the credit toward re-licensure, re-certification, and renewal of hospital privileges.

The UNC Cancer Network is the main source of continuing education for oncology professionals. The program’s bi-
monthly continuing education series reaches physicians, nurses and allied health professionals across North Carolina
through live, interactive medical and nursing lectures delivered by UNC faculty. The lecture series enables practitioners
to access timely, evidence-based oncology therapeutic updates from the convenience of their own practice, while earning
continuing education credits. Medical professionals earned 47 CME credit hours this year for lecture participation via the
telehealth infrastructure.

The UCRF has significantly improved UNC'’s ability to connect with oncologists and cancer patients across North Carolina.
Using infrastructure supported by UCRF funds, UNC faculty regularly hold virtual “tumor boards” - in-depth reviews

of a particular patient’s case with a team of doctors - with doctors in hospitals across the state, and consult in specialties
that are not available in rural communities. This year 274 virtual tumor boards helped connect community-based medical
professionals with UNC oncology experts.

The tumor boards are another source for continuing education. This year, tumor boards provided nearly 2,800 credit hours
in the following specialty areas:

Breast 958

Gastro-Intestinal 710

Head and Neck 465

Hematology-Oncology (Parker) 320

Pediatrics 343

TOTAL 2,796
33
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CRITICAL INFRASTRUCTURE

UNC also uses its telehealth network to connect in real time with health care providers to discuss best practices for patient
care and cutting-edge research, and to hold community education events aiming to raise patient awareness of issues related
to cancer. This year, UNC hosted 24 telehealth lectures with more than 2,230 participants including nurses, doctors,
physician assistants, nurse practitioners, pharmacists, social workers, nutritionists and clinic managers in more than

20 oncology practices across the state.

The UNC Cancer Network North Carolina Community College Lecture Series also offered four courses designed for
students enrolled in nursing and allied health sciences programs at 16 community college sites. These lectures provide
opportunities for students to become more familiar with strategies necessary for caring for cancer patients. It is hoped

that this series will lead to improvements in cancer care, in particular by developing a greater interest in oncology-related
professions. The need for a larger oncology workforce is expected to grow dramatically during the next decade.

NC COMMUNITY COLLEGE .' v
LECTURE SERIES SITES \

s

Asheville Buncombe Technical Community Isothermal Community College

College McDowell Technical Community
Blue Ridge Community College College

Carteret Community College Nash Community College

Davidson County Community College Piedmont Community College
Fayetteville Technical Community College Pitt Community College

Gaston College Sandhills Community College
Guilford Technical Community College Stanly Community College

Halifax Community College Wake Technical Community College

INNOVATIVE CANCER DATA RESOURCE EXPANDS

Academics and policymakers are using comprehensive UCRE-supported data resources to knit together information from
multiple public and private sources in order to examine a wide range of complex issues tied to improving cancer outcomes in
North Carolina.

UCRF funds were used in 2010 to launch a unique research tool to facilitate “big data” population-based cancer research.
The Cancer Information & Population Health Resource (CIPHR) aggregates information on more than 750,000 cancer
patients the state; approximately 85 percent of whom are linked to insurance claims data.

CIPHR provides a prospective data linkage between metrics of cancer incidence, mortality, and burden in North

Carolina and data sources at an individual and aggregate level that describe health care, economic, social, behavioral, and
environmental patterns. It is a rich data resource that allows researchers - like Stephanie Wheeler in her study on financial
toxicity, for example - to examine real-world information about real-world patients, or provides population scientists with
more insights into possible cancer clusters in certain parts of the state. Using CIPHR’s data, our faculty have published

82 scientific papers detailing the incidence patterns, early detection success and failures, geographic delays in treatment and
diagnosis, and geographic level data regarding adherence to cancer treatment regimens.
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BUDGET AND EXPENDITURES

BUDGET AND EXPENDITURE INFORMATION

The charts below reflect anticipated and actual revenue for this year, and the fund balance after considering carryover and

expenditures.

ANTICIPATED AND ACTUAL REVENUE

FY 2019 Anticipated and Actual Fund Revenue

* Amount
Anticipated
State Appropriation $16,020,000
Projected OTP Tax Receipts $31,780,000
Total $47,800,000
Actual
State Appropriation $16,020,000
Actual OTP Tax Receipts $35,562,456
Total $51,582,456
* Rounded to the nearest dollar
FUND BALANCE
FY 2019 Budget and Expenditures * Amount
Anticipated Budget
Revenue $47,800,000
Carryover From FY18 ($69,387)
Carryover From Unrealized FY18 OTP Tax Receipts $0
Total $47,730,613
Actual Budget
Revenue $51,582,456
Carryover From FY18 ($69,387)
Carryover From Unrealized FY18 OTP Tax $0
Total $51,513,069
Expenditures $51,566,869
Balance ($53,800)

* Rounded to the nearest dollar

UNC LINEBERGER COMPREHENSIVE CANCER CENTER | UCRF 2019

36




BUDGET AND EXPENDITURES

RESTRICTIONS ON THE USE OF UCRF MONIES

G.S. 116 29.1 established the UCRF as a special revenue fund and created the Cancer Research Fund Committee to provide
accountability and oversight. As the Cancer Research Fund Committee, led by its Chairman, then-UNC President Erskine
Bowles, developed the UCRF Strategic Plan in 2009, each potential use of UCRF resources was evaluated according to the
following questions:

«  Willit address North Carolina’s needs in terms of the goal of reducing the cancer burden in the state?
+  Can we be world class at it? (Does it build on existing strengths, and is there an opportunity to lead?)
+  Isthere a strong economic model/justification for UCRF investment?

Based on these questions, the Committee developed a clear set of rules to guide how UCRF funds would be best spent. The
Committee determined that UCRF funds should focus major resources on a limited set of opportunities to have the greatest
impact; fund initiatives where UNC has the opportunity to establish a leadership position; be self-sustaining and provide
leverage for additional extramural funding; build fundamental cancer-related research capabilities that benefit UNC
research programs; and enhance North Carolina’s economy by creating jobs, intellectual property, and startup companies.

To maximize the effectiveness of the state’s investment and to ensure wise and responsible use of the funding, the Strategic
Plan imposed additional restrictions on the use of these funds, instructing that UCRF funds should not:

+ Invest broadly in an effort to make incremental improvements everywhere;

*  Provide funding that would limit future flexibility;

*+  Undermine faculty innovation and competitiveness by eliminating the need for extramural grant funding;

*  Substitute for existing university or health system funding or new philanthropy;

+  Make expenditures based upon institutional or other needs outside cancer research; or

*  Negatively impact other research on campus, for example by appropriating shared research infrastructure or resources.
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EXPENDITURES OF STATE FUNDS RELATED TO UCRF

The table below provides an accounting of expenditures of state funding related to the UCRF. Further details regarding
these expenditures are included as appendices to this report.

More than half the funding from UCREF has been used to recruit world-class researchers to North Carolina. Only 1 percent
of the total UCRF budget is used for ongoing administrative expenses.

Categories YTD Actual*
Tier 1: Research Priorities

Optimizing NC Cancer Outcomes $6,383,708
Understanding Genetics in Cancer - Basic Approaches and Clinical Applications $8,000,387
Developing New Cancer Treatments $8,768,810
Tier 2: Opportunity Fund $11,964,199
Tier 3: Critical Infrastructure

Clinical Excellence - Research & Outreach $6,419,597
Research & Tech Development and Training $10,030,168
Total $51,566,869

* Rounded to the nearest dollar
Note: FY19 expenses have been adjusted by a prior accrual of $69,387

CONCLUSION

Thanks to the General Assembly’s continued support, the University Cancer Research Fund has been a tremendous
investment in ongoing efforts to improve cancer prevention, diagnosis, treatment and outcomes. The UCRF is invested
responsibly and effectively to support innovative research, shared resources and infrastructure, and partnerships with
institutions, providers, and communities throughout North Carolina. Economically, the UCRF had a 10-to-1 return

on investment last year - which includes leveraging external funding, creating jobs, promoting commercialization
opportunities, and other factors. The UCRF’s economic, research and health impacts continue to grow and will have both an
immediate and a lasting impact for people and communities in our state and beyond.
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APPENDIX

CANCER RESEARCH FUND COMMITTEE

The legislatively established Cancer Research Fund Committee, chaired by Kevin M. Guskiewicz, PhD, Interim Chancellor
of the University of North Carolina at Chapel Hill, oversees the University Cancer Research Fund. The seven-member
committee includes five ex-officio members designated by the legislation who elect two at-large members. The at-large
members are to be leaders at nationally prominent cancer programs. Currently, the two are Drs. Edward Benz (President
and CEO Emeritus, Dana-Farber Cancer Institute) and Gary Gilliland (President and Director, Fred Hutchinson Cancer
Research Center).

Kevin M. Guskiewicz, PhD, Chair
Interim Chancellor

The University of North Carolina
at Chapel Hill

Edward J. Benz, MD

President and Chief Executive
Officer, Emeritus

Dana-Farber Cancer Institute

A. Wesley Burks MD, MPH

Dean, UNC School of Medicine
Vice Chancellor for Medical Affairs
CEO, UNC Health Care

The University of North Carolina at

Chapel Hill

H. Shelton Earp, MD

Director

UNC Lineberger Comprehensive
Cancer Center

The University of North Carolina
at Chapel Hill

Gary Gilliland, MD, PhD

President and Director

Fred Hutchinson Cancer Research
Center

4]
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Barbara K. Rimer, DrPH

Dean

UNC Gillings School of Global
Public Health

The University of North Carolina
at Chapel Hill

Dhiren Thakker, PhD

Interim Dean

UNC Eshelman School of
Pharmacy

The University of North Carolina
at Chapel Hill
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The Economic Impact of University Cancer Research Fund on the State of North Carolina Tripp Umbach - 2019



In 2007, the state leaders of North Carolina developed a fund to invest in cancer research in the
state through the University of North Carolina Lineberger Comprehensive Cancer Center. Cancer
is one of the leading causes of death in North Carolina, and the fund was developed to
demonstrate a commitment to the health of the state’s residents. Although cancer mortality rates
have been decreasing, incident rates of cancer have increased over the past decade.! Additionally,
lung cancer continues to be the leading cancer-causing death in North Carolina.2 The state is
investing in this fund, ensuring that future generations of North Carolinians will develop cancer
less often and live longer and better when they do.

The initial investment in 2007 to the University Cancer Research Fund (UCRF) of $25 million has
grown to greater than $51.5 million for FY 2019. This year alone the FY 2019 $51.5 million
investment produced an economic impact of more than $519.4 million, Tripp Umbach analysis
shows. This investment has translated into innovative research to detect, treat, and prevent
cancer and has given an opportunity for UNC to become home to one of the nation’s leading public
comprehensive cancer centers. University of North Carolina Lineberger Comprehensive Cancer
Center (UNC LCCC) is one of only 51 National Cancer Institute-designated comprehensive cancer
centers. The center brings together some of the most exceptional physicians and scientists in the
country to investigate and improve the prevention, early detection, and treatment of cancer. With
research that spans the spectrum from the laboratory to the bedside to the community, the faculty
work to understand the causes of cancer at the genetic and environmental levels, to conduct
groundbreaking laboratory research, and to translate findings into pioneering and innovative
clinical trials. Investment in the UCRF allows the state an even greater ability to continue its
tradition of care for all North Carolinians. It is an investment in making the best care in the world
available in North Carolina, and it is difficult to think of a better investment than one for the future
health of the state’s residents.

People and place are the keys to the UCRF’s success. UCRF is about investing in people — promising
researchers with the best ideas for cancer research and master clinicians who know how to bring
those findings to patients and others. UNC Chapel Hill and UNC Lineberger have a culture of
collaboration —both across the university and with partners beyond the university’s walls — that is
essential to promote discovery and then turn those discoveries into new ways to treat, find, and
prevent cancer. Outside of the obvious impacts that UNC Lineberger provides to North Carolina,

1 cancer in North Carolina 2013 Report. North Carolina State Center for Health Statistics.
2 Cancer Profiles North Carolina April 2017 http://www.schs.state.nc.us/schs/CCR/cp2017/NorthCarolina.pdf



the UCRF offers additional impacts through the dollars that directly and indirectly impact the state
economy and job numbers.

The aim of this report is to illustrate in detail the positive economic impact that UCRF dollars have
on North Carolina’s biomedical sector in the current year as well as the history of impacts the fund
has shown over the last decade; it is important to note that these impacts have been annual since
the fund’s inception. Through expanding the state economy, creating jobs, generating tax revenue,
encouraging scientific collaboration, and leveraging federal research funds, these dollars have
provided a significant benefit to the state of North Carolina.



University Cancer
Research Fund

Key Findings

gExpanding the state’s economy. UCRF generated more than $519.4 million in
total economic impact in North Carolina in 2019. This includes direct spending of more
than $281.8 million within the state, much of which is a result of the generation of
funds from national grants due to research activities that are just a portion of the
$197.5 million in research funding received in 2019 alone. The ripple effect of in-state
spending accounts for nearly $237.6 million in additional funds, representing
downstream spending by employees, vendors, and contractors. This is just the impact
of the current year (2019). Tripp Umbach estimates that through the commercialization
of the discoveries made from this research, the impact by 2029 will be dramatically
larger.

9 Creating jobs. UCRF directly supported employmentin 2019 of more than 1,308 jobs

in North Carolina and an additional 1,753 jobs through both the indirect and induced
impacts of those direct jobs and the spending generated from the UCRF within North
Carolina. This means the total impact of this fund is more than 3,061 jobs.

gGenerating tax revenue. Tripp Umbach estimates that UCRF provided greater

than $17.2 million in local and state tax revenue in 2019.

gEncouraging scientific collaboration and leveraging federal research

funds. These funds have encouraged recipient institutions to collaborate as well as
to apply for and win highly competitive federal grants. Recipients of these state
research funds have leveraged federal research funds amounting to more than $164.6
million in federal research grants, bringing the total to more than $197.5 million in
external funding in 2019 alone. This would not have been possible without the UCRF
funding, which elevated UNC Lineberger to the top rankings.



Impacts of UCRF in 2019

Any discussion of the economic impact of these state funds must be predicated on an
understanding that research investments, by their nature, have a multitude of impacts on a state’s
economy, both in the present and in the future. Short-term impacts include capital and non-capital
investment and employment growth supported by the funds and new federal medical research
funding leveraged by North Carolina’s funds that expand the state’s economy. Longer-term
impacts include a strengthened ability to compete nationally for funding and to attract world-class
scientists; the economic and employment advances that will be achieved when medical research
and innovation are translated into commercial products and services; and healthcare cost savings
to the state as a result of innovation (see Figure 1):

Figure 1: Research Return on Investment Timeline

Early Stage — Long-Term

Commercial-

T Cost Savings
ization

Capital Employment Leveraging

Early Stage Economic Impact of Funding

UCRF dollars invested in research in 2019 have resulted in an expansion of the state’s economy by
greater than $519.4 million. Tripp Umbach’s economic impact analysis indicates that even in the
early stage (2007-2011), program investments in capital and human resources have returned
greater than three dollars to the state’s economy for every one dollar invested. In 2019, this
amount has risen to more than 10 dollars for every dollar invested. Spending attributable to the
fund can be divided into two parts: direct and indirect/induced impacts.

The direct impacts of program funding include institutional expenditures for capital improvements
and goods and services but also spending by researchers, research staff, subcontractors, and
visitors who come to these institutions for conferences and meetings. The indirect impacts of
tobacco funds result from these direct, first-round expenditures, which are received as income by
businesses and individuals in the state and recirculate through the economy in successive rounds
of re-spending. The end result is a multiplied economic impact that is a linear result of the state’s
investment in research. The impacts over the last decade are outlined below in the chart below.
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Early Stage Impact of UCRF Dollars on Employment

Tripp Umbach estimates that in 2019, UCRF dollars for healthcare research have created and
sustained 3,061 high-paying research-related jobs throughout the state of North Carolina. This
includes both the 1,308 high-paying research-related jobs directly attributed to UNC in addition
to the 1,753 indirect and induced jobs supported throughout the state of North Carolina. The
economic expansion created by the funds allocated to the UCRF have, in turn, brought about
demand for additional employment in the state’s economy. The employment impact has
continued to grow and provide high-paying jobs to the state of North Carolina.
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Early- and Later-Stage State Tax Impacts

Tripp Umbach estimates that funds provided in 2019 have resulted in nearly $17.2 million in tax
revenues to the state of North Carolina. In-state spending by the recipient organizations and
spending in the state by out-of-state parties have a significant impact on state tax revenue. Taxes
created as a result of spending in the state’s economy, and generation of fresh dollars from outside
of the state, are expected to grow as early-stage research is commercialized. The tax impacts have
increased over the last decade as well as provided a return to the state for the investment.
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Impacts Associated with Leveraged Federal Medical Research Funds

The North Carolina academic medical industry and growing life sciences industry have been
measurably enhanced by these state funds. This federal medical research funding helps fuel
clinical enterprises. According to the Association of American Medical Colleges, North Carolina’s
academic medical industry ranks 11% for total annual economic impact.3

These funds from the state’s UCRF have encouraged researchers at the recipient organization to
collaborate to apply for and win highly competitive federal grants. These funds have enabled

3In 2019, North Carolina ranked 11th in Academic Medical Impact of AAMC members and COTH hospitals.

The Economic Impact of University Cancer Research Fund on the State of North Carolina Tripp Umbach - 2019



recipients of UCRF dollars to leverage federal research funds amounting to more than $164.6
million, bringing the total to nearly $197.5 million in external funding in 2019 alone.

While this study does not include detailed economic impact models that calculate the potential
cost savings attributable to research activities, a growing body of literature provides potential
insights. Breakthrough research by Silverstein et al (1995) documented $69 billion in annual
economic savings resulted from NIH-supported research. The return on investment calculated by
Silverstein was $7 in healthcare cost-savings for every dollar invested in NIH-sponsored research.*

Additional impacts that will be realized because of the UCRF are the levels of commercialization
that occur when clusters of research professionals collaborate on a specialty area of research.
Tripp Umbach estimates that after 10 years of funding and operations, the commercialization of
the UCRF will produce discoveries and spinoff businesses generating additional economic activity
in the state of North Carolina. Looking at projected commercialization impact in 2029, Tripp
Umbach estimates this to be from $606.3 million at a conservative level of growth scenario to $1.1
billion using the aggressive level of growth in additional economic activity within North Carolina.
These activities will also create an additional 3,662 (conservative) to 6,671 jobs (aggressive) high-
paying jobs. These additional economic and employment impacts will translate into additional
state and local government revenue of $19.6 million to $35.4 million.

It is important to note that these commercialization impacts are in addition to the annual
operational impacts of the UCRF and that these impacts will continue to grow as the research fund
continues to be successful. These impacts are realized after years of research once the
breakthroughs or discoveries have been made and the discoveries begin to hit the marketplace.
Examples of successful spinoff businesses supported by UNC Lineberger include Meryx, G1
Therapeutics, GeneCentric, EpiCypher, Epizyme, Liquidia, and many others. Since 2009, UNC
Lineberger startup companies have raised more than $300 million in non-dilutive financing from
the NIH, angel investors, and venture capitalists.

Tripp Umbach’s projections are based on 2019 funding and the national experience of peer
academic medical centers that have implemented similar academic, clinical, research, and

4 Cost-Savings Resulting from NIH Research Support, NIH Publication No. 93. Silverstein, H.H. Garrison and S.J.
Heinig, 1995.



economic development plans during the past 20 years. Since 1995, Tripp Umbach has measured
the economic impact of every U.S. academic medical center on behalf of the Association of
American Medical Colleges and used historical trending data from this experience in making

projections.



Appendix A: Definition of Terms

Study Year

Fiscal Year 2019

Total Impact

The total impact of an organization is a compilation of the direct impact, the indirect impact, and
the induced impact generated in the economy as a result of the organization.

Direct Impact

Direct impact includes all direct effects the organization has on the regional area due to the
organizational operations. These items include direct employees, organizational spending,
employee spending, as well as spending by patients and visitors to the organization.

Indirect Impact

The indirect impact includes the impact of local industries buying goods and services from other
local industries. The cycle of spending works its way backward through the supply chain until all
money leaks from the local economy, either through imports or by payments to value added. The
impacts are calculated by applying direct effects to the Type | Multipliers.

Induced Impact

The response by an economy to an initial change (direct effect) that occurs through re-spending
of income received by a component of value added. IMPLAN’s default multiplier recognizes that
labor income (employee compensation and proprietor income components of value added) is not
leakage to the regional economy. This money is recirculated through the household spending
patterns, causing further local economic activity.

Multiplier Effect

The multiplier effect is the additional economic impact created as a result of the organization’s
direct economic impact. Local companies that provide goods and services to an organization
increase their purchasing by creating a multiplier.



To fully quantify the impact of the funding of UCRF to the operations of UNC Lineberger
Comprehensive Cancer Center within the various geographical areas throughout this study, Tripp
Umbach established a study methodology. It was critically important that the methodology used
would deliver a comprehensive, yet conservative, estimate of the operations’ impact, based on
information compiled using uniform and consistent techniques. In addition, the study team sought
to develop a reproducible methodology, ensuring that subsequent studies could build upon the
information and knowledge gained through this effort.

Tripp Umbach determined that the use of the IMPLAN Pro economic impact model software was
most appropriate for this analysis. The IMPLAN econometric model operates by estimating the
direct impact, indirect impacts, and induced impacts of specific economic activity. Direct economic
impacts are those attributable to the initial economic activity. For example, an operation with 10
full-time employees creates 10 direct jobs. Indirect economic impacts are those economic
activities undertaken by vendors and suppliers within the supply chain of the direct activity
because of the initial economic activity. For example, suppliers of goods, materials, and services
used in the direct activities produce indirect economic impacts. Induced economic impacts result
from the spending of wages paid to employees in local industries involved in direct and indirect
activities. Tripp Umbach selected the IMPLAN model because of its frequent use in economic
impact, in addition to its development independent of local influences.

Tripp Umbach collected employment information concerning the economic activity of UCRF’s
funding on operations themselves and followed up in person to make certain the data was the
most current available.

In this report, the impact was measured using IMPLAN datasets. The IMPLAN data files include
information for 528 different industries (generally three- or four-digit SIC code breakdown) and
21 different economic variables. IMPLAN sources their employment data from ES202 employment
security data supplemented by county business patterns and REIS data. Employment data used in
the analysis includes full-time and part-time positions.

It should be noted that, at the time of performing the UCRF assessment, the most recent IMPLAN
data files for the state of North Carolina were for 2015. While the data is not current, it is unlikely
that the fundamental economic structure of North Carolina’s economic fabric has changed to an
extent that would invalidate the analysis. IMPLAN data and accounts closely follow the accounting



conventions used in the “Input/Output Study of the U.S. Economy” by the U.S. Bureau of Economic
Analysis and the rectangular format recommended by the United Nations.

By deriving the direct and actual employment numbers from IMPLAN for each county, Tripp
Umbach was able to conduct input/output modeling to analyze the current impact of the industry
in each county. Tripp Umbach supplied additional information as required to supplement the data
supplied by UNC Lineberger Comprehensive Cancer Center.



Appendix C: Tripp Umbach Qualifications

Tripp Umbach is the national leader in providing economic impact analysis to leading healthcare
organizations and academic health centers. The firm has completed more than 250 economic
impact studies over the years for clients such as the Mayo Clinic Rochester, The Cleveland Clinic,
University of Florida Shands HealthCare, and the Ohio State University Medical Center. In addition
to work on multiple occasions for the six allopathic medical schools and academic medical centers
in Pennsylvania, Tripp Umbach has completed statewide studies for multiple institutions in Ohio,
Virginia, South Carolina, Wisconsin, and Minnesota.

Tripp Umbach recently completed its fifth national study of all U.S. medical schools and teaching
hospital affiliates for the Association of American Medical Colleges.

In addition to completing similar studies for UNC LCCC over the last 10 years, Tripp Umbach has
also completed economic impact studies for cancer centers such as the CURE Funding for PA
Cancer Alliance, The Wistar Institute, University of North Carolina’s Cancer Hospital, Ohio State
University’s James Cancer Hospital and Solove Research Institute, Ohio State University’s
Comprehensive Cancer Center, Milton S. Hershey Medical Center’s Cancer Institute, Mayo
Clinic/Allegheny General Hospital Cancer Services planning, UPMC Hillman Cancer Center
feasibility and economic impact projections study, University of Pennsylvania projected economic
impact of the Cancer Center as a component of the Civic Center project, and University of Florida
Shands HealthCare economic impact projections.

For more information on Tripp Umbach, please go to www.trippumbach.com, and for more
information on this research please contact:

Tripp
Umbach

Carrie Kennedy

Senior Principal

Tripp Umbach, Inc.

Erie Office

814.923.4375 (direct)

412.973.3835 (mobile)

412.774.1870 (personal fax)

Corporate Headquarters: 800.250.6724



Tripp
Umbach
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ESTABLISHING LEGISLATION

ESTABLISHING LEGISLATION

§ 116-29.1. University Cancer Research Fund (as modified by SL 2013-360)

(a) Fund. - The University Cancer Research Fund is established as a special revenue fund in the Office of the President of
The University of North Carolina. Allocations from the fund shall be made in the discretion of the Cancer Research Fund
Committee and shall be used only for the purpose of cancer research under UNC Hospitals, the Lineberger Comprehensive
Cancer Center, or both.

(b) Effective July 1 of each calendar year, the funds remitted to the University Cancer Research Fund by the Secretary
of Revenue from the tax on tobacco products other than cigarettes pursuant to G.S. 105-113.40A is appropriated for this
purpose are appropriated for this purpose.

(c) Cancer Research Fund Committee. - The Cancer Research Fund Committee shall consist of five ex officio members and
two appointed members. The five ex officio members shall consist of the following: (i) one member shall be the Chancellor
of the University of North Carolina at Chapel Hill, (ii) one member shall be the Director of the Lineberger Comprehensive
Cancer Center, (iii) one member shall be the Dean of the School of Medicine at The University of North Carolina, (iv) one
member shall be the Dean of the School of Pharmacy at The University of North Carolina, and (v) one member shall be the
Dean of the School of Public Health at The University of North Carolina. The remaining two members shall be appointed
by a majority vote of the standing members of the Committee and shall be selected from persons holding a leadership
position in a nationally prominent cancer program. If any of the specified positions cease to exist, then the successor
position shall be deemed to be substituted in the place of the former one, and the person holding the successor position shall
become an ex officio member of the Committee.

(d) Chair. - The chair shall be the Chancellor of the University of North Carolina at Chapel Hill.
(e) Quorum. - A majority of the members shall constitute a quorum for the transaction of business.

(f) Meetings. - The Committee shall meet at least once in each quarter and may hold special meetings at any time and place
at the call of the chair or upon the written request of at least a majority of its members. (2007-323, s. 6.23(b); 2009-451, s.
27A.5(e); 2010-31,5.9.12.)

(g) Report. - By November 1 of each year, the Cancer Research Fund Committee shall provide to the Joint Legislative
Education Oversight Committee and to the Office of State Budget and Management an annual financial report which shall
include the following components:

(1) Accounting of expenditures of State funds related to strategic initiatives, development of infrastructure, and ongoing
administrative functions.

(2) Accounting of expenditures of extramural funds related to strategic initiatives, development of infrastructure, and
ongoing administrative functions.

(3) Measures of impact to the State’s economy in the creation of jobs, intellectual property, and start-up companies.
(4) Other performance measures directly related to the investment of State funds.

(5) Accounting of any fund balances retained by the Fund, along with information about any restrictions on the use of these

funds.
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EXPENDITURES

FISCALYEAR 2019 EXPENDITURES

Strategy

Annual Budget

Year to Date
Actual (note) *

Cash Balance

Optimizing NC Cancer Outcomes $6,505,000 $6,383,708 $121,292
Understanding Genetics in Cancer - $8,100,000 $8,000,387 $99,613
Basic Approaches and Clinical Applications

Developing New Cancer Treatments $8,500,000 $8,768,810 ($268,810)
Tier 2: Opportunity Fund $11,850,000 $11,964,199 ($114,199)
Tier 3: Infrastructure - Clinical $6,900,000 $6,419,597 $480,403
Excellence and Outreach

Infrastructure $9,727,456 $10,030,168 ($302,712)
Grand Total $51,582,456 $51,566,869 $15,587

* Rounded to the nearest dollar

Note: FY19 expenses have been adjusted by a prior accrual of $69,387
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EXPENDITURES

FISCALYEAR 2019 EXPENDITURES SUMMARY

Expense Category

Year To Date Actual

Expense to Total Expenditure

Faculty Salaries $14,894,510 28.9%
EPA Student Salaries $2,932,591 5.7%
Staff Salaries $6,999,337 13.6%
Other Staff $370,837 0.7%
Benefits $6,630,600 12.9%
Phy Benefits $211,105 0.4%
Other Staff Benefits $293,585 0.6%
Transit Tax $75,541 0.1%
Consultants/Contracted Services $1,008,061 2.0%
Employee Education $9,432 0.0%
Repairs and Maint $3,977,822 7.7%
Other Current Services $2,916,295 5.7%
Supplies, Other $4,085,892 7.9%
Travel $492,678 1.0%
Maintenance Contracts $1,408,439 2.7%
Advertising $10,917 0.0%
Meetings & Amenities $54,099 0.1%
Printing and Binding $58,042 0.1%
Communication $106,308 0.2%
Computer Services $434,862 0.8%
Rental/Lease Facilities $1,015,312 2.0%
Equipment $2,522,781 4.9%
Study Subjects & Exp $133,665 0.3%
Insurance $2,440 0.0%
Student Support $820,738 1.6%
Utilities $68,265 0.1%
Legal Fees $32,715 0.1%
Grand Total $51,566,869 100.0%

* Rounded to the nearest dollar.
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EXPENDITURES

TIER 1: RESEARCH PRIORITIES
OPTIMIZING NC CANCER OUTCOMES

Expense Category

Year to Date Actual*

Faculty Salaries $2,376,218
EPA Student Salaries $292,545
Staff Salaries $1,267,981
Other staff $67,005
Benefits $1,132,479
Phy Benefits $8,479
Other Staff Benefits $53,527
Transit Tax $12,076
Consultants/Contracted Services $37,186
Employee Education $4,160
Repairs and Maint $822
Other Current Services $184,365
Supplies, Other $94,806
Travel $124,086
Maintenance Contracts $35,493
Advertising $600
Meetings & Amenities $2,089
Printing and Binding $14,644
Communication $22,964
Computer Services $203,321
Rental/Lease Facilities $321,764
Equipment $18,963
Study Subjects & Exp $13,390
Insurance $86
Student Support $94,659
Total $6,383,708

*Rounded to nearest dollar
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EXPENDITURES

TIER 1: RESEARCH PRIORITIES

UNDERSTANDING GENETICS IN CANCER - BASIC APPROACHES & CLINICAL APPLICATIONS

Expense Category

Year to Date Actual*

Faculty Salaries $2,380,204
EPA Student Salaries $259,220
Staff Salaries $1,302,895
Other staff $108,793
Benefits $1,169,096
Phy Benefits $8,191
Other Staff Benefits $52,885
Transit Tax $12,118
Consultants/Contracted Services $114,573
Employee Education $100
Repairs and Maint $239,285
Other Current Services $428,766
Supplies, Other $660,875
Travel $60,263
Maintenance Contracts $332,218
Advertising $639
Meetings & Amenities $1,884
Printing and Binding $19,813
Communication $7,160
Computer Services $168,359
Rental/Lease Facilities $254,449
Equipment $234,900
Study Subjects & Exp $81,732
Insurance $17
Student Support $22,517
Utilities $68,265
Legal Fees $11,170
Total $8,000,387

*Rounded to nearest dollar
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EXPENDITURES

TIER 1: RESEARCH PRIORITIES

DEVELOPING NEw CANCER TREATMENTS

Expense Category

Year to Date Actual*

Faculty Salaries $2,065,371
EPA Student Salaries $286,490
Staff Salaries $1,012,407
Other staff $25,364
Benefits $954,424
Phy Benefits $1,716
Other Staff Benefits $41,518
Transit Tax $10,154
Consultants/Contracted Services $21,897
Employee Education $1,280
Repairs and Maint $45,394
Other Current Services $776,203
Supplies, Other $1,487,294
Travel $22,838
Maintenance Contracts $310,471
Advertising $1,455
Meetings & Amenities $10,598
Printing and Binding $3,350
Communication $22,066
Computer Services $259
Rental/Lease Facilities $412,969
Equipment $1,188,429
Insurance $3,694
Student Support $58,429
Legal Fees $4,740
Total $8,768,810

*Rounded to nearest dollar
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EXPENDITURES

TIER 2: OPPORTUNITY FUND

Expense Category

Year to Date Actual*

Faculty Salaries $1,444,228
EPA Student Salaries $1,152,332
Staff Salaries $737,678
Other staff $143,312
Benefits $813,327
Phy Benefits $18,508
Other Staff Benefits $32,539
Transit Tax $10,426
Consultants/Contracted Services ($13,738)
Employee Education $990
Repairs and Maint $3,629,608
Other Current Services $1,038,764
Supplies, Other $1,456,121
Travel $169,299
Maintenance Contracts $264,923
Advertising $225
Meetings & Amenities $5,666
Printing and Binding $14,106
Communication $20,491
Computer Services $40,162
Rental/Lease Facilities $26,130
Equipment $784,892
Study Subjects & Exp $33,713
Insurance ($1,357)
Student Support $125,049
Legal Fees $16,805
Total $11,964,199

*Rounded to nearest dollar
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EXPENDITURES

TIER 3: CRITICAL INFRASTRUCTURE - CLINICAL EXCELLENCE AND OUTREACH TOTAL

Expense Category

Year to Date Actual*

Faculty Salaries $4,397,427
EPA Student Salaries $53,736
Staff Salaries $274,192
Other Staff $9,289
Benefits $1,032,794
Phy Benefits $166,465
Other Staff Benefits $35,672
Transit Tax $14,204
Consultants/Contracted Services $25,296
Employee Education $2,787
Repairs and Maint $14,489
Other Current Services $65,764
Supplies, Other $61,391
Travel $50,325
Maintenance Contracts $181,250
Advertising $260
Meetings & Amenities $3,305
Printing and Binding $3,837
Communication $10,874
Computer Services $557
Equipment $790
Study Subjects & Exp $4,830
Student Support $10,063
Total $6,419,597

*Rounded to nearest dollar
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EXPENDITURES

TIER 3: CRITICAL INFRASTRUCTURE - INFRASTRUCTURE

Expense Category

Year to Date Actual* (note)

Faculty Salaries $2,231,062
EPA Student Salaries $888,268
Staff Salaries $2,404,184
Other Staff $17,074
Benefits $1,528,480
Phy Benefits $7,746
Other Staff Benefits $77,444
Transit Tax $16,563
Consultants/Contracted Services $822,847
Employee Education $115
Repairs and Maint $48,224
Other Current Services $422,433
Supplies, Other $325,405
Travel $65,867
Maintenance Contracts $284,084
Advertising $7,738
Meetings & Amenities $30,557
Printing and Binding $2,292
Communication $22,753
Computer Services $22,204
Equipment $294,807
Student Support $510,021
Total $10,030,168
Grand Total $51,566,869

*Rounded to nearest dollar

Note: FY19 expenses have be adjusted by a prior accrual of $69,387.
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