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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.
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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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