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Oy California Initiative to Advance Precision Medicine (CIAPM) launched the Cancer

Clmo Disparities Research Program in 2019 to research and implement ways to reduce
o] D-D[Tﬂ cancer disparities in California, with community collaboration and partnership.
U®Caas -

CIAPM’s Cancer Disparities Research Program —

What are cancer disparities in Californians? The California Cancer Registry estimates that 50% of Californians will
develop cancer, and nearly 25% will die of cancer. Race/ethnicity, socioeconomic status, care access, and
neighborhood quality impact cancer incidence and mortality. Black, Asian, Hispanic, and Native American
populations are more often uninsured, from low socioeconomic status, and diagnosed with cancer at later stages.

University of California, San Francisco, Lead Investigator: Elad Ziv, PhD. 2019-2023, $3 Million.
Improving Breast Cancer in Latinas: A Multi-Tiered Approach

e Why: Genetic and tumor testing tools and robust patient samples are limited in Latina communities.
¢ How: Identify genetic variants that may predispose Latinas to breast cancer and train community
health workers (CHWs) to conduct outreach and education among Latina communities.

¢ Impact: Developed tools and education for diverse Latina populations to identify cancer risk, using
family history screens and fine-tuned genetic tests.

University of California, San Diego, Lead Investigators: William Kim, PhD and Pablo Tamayo, PhD.
2019-2023, $3 Million. Integrated Machine-Learning_Platform to Inform Precision Therapy in Breast
Cancer Patients (Celsus Project)

o Why: Artificial intelligence (Al) can be used to identify treatments for Latina cancer patients.

¢ How: Develop and refine an Al model to identify candidate treatments for patients with triple
negative breast cancer, which is common among Latinas.

¢ Impact: Proof-of-concept that an Al can guide prediction of tumor treatments, if refined with
more genetic samples. Highlighted need for inclusive patient recruitment.

Stanford University, Lead Investigator: Manali Patel, MD, MS, MPH. 2019-2023, $3 Million.
Reducing_ Cancer Disparities Through Innovative Community-Academic Partnerships - Addressing
Latinx CANcer Care Equity (ALCANCE) Project

e Why: Limited patient understanding of precision medicine cancer care impacts research
participation, treatment, and outcomes.

e How: Integrate CHWs into preventative and cancer care delivery to address existing inequities in
cancer diagnosis, treatment, and outcomes for Latino patients.

¢ Impact: CHW-led culturally sensitive education and intervention model improved cancer care in
Latino communities and is scalable for underserved communities.

Program Impact in California: Three CIAPM-funded cancer disparities research projects

involved 15 partners across healthcare, nonprofit, and academia, generated 55 scientific

'.‘ publications in renowned journals, 126 presentations at national and international conferences,
and obtained over $17 million in additional non-state funding.

@% https://ciapm.chhs.ca.gov/ CalHHS DA<  clAPM@chhs.ca.gov
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Cancer Disparities Research
Program Highlights

CIAPM’s request for cancer disparities research proposals launched in 2018.

2 3 proposals received | 1 1 finalists
$9 M state funds allocated $1 7 == M additional non-state

funding obtained

Partners in Cancer Disparities Research Trainees in Cancer Disparities Research
0 community-based 5
13 . .y s 21 research trainees
organizations engaged L2

3 funded research projects

academic collaborators N community health
EASR
3 &) 33 trainees

Californians Served

Collectively, the CDRP looked at primarily Spanish-Speaking and Latino Communities in CA, with
special focus amongst breast cancer patients, including the use of genetic ancestries, to identify
susceptibilities and potential treatments and care strategies tailored to this community.

Q80 0020~00 00 ARARRRQ

participants educated

patients received direct

preventative genetic participants received in- _

Deliverables and Dissemination

1 2 6 presentations 1 7 press releases
55 scientific manuscripts 5 additional research projects
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EXECUTIVE SUMMARY

The California Initiative to Advance Precision Medicine (CIAPM) was established in 2015 within the
Governor's Office of Planning & Research (now Governor's Office of Land Use and Climate Innova-
tion) and transitioned to CalHHS in July 2024.

CIAPM supports cutting-edge biomedical and health research that harnesses data to generate new
insights, prioritizes whole-person care, and advances community-driven solutions to reduce health
inequities. CIAPM’s mission is to drive the development of innovative technologies and personalized
strategies and to coordinate cross-sector partnerships for prevention, diagnosis, and treatment to
improve the health and well-being of all Californians.

CIAPM launched the Cancer Disparities Research Program in 2019 with the goal of researching and
implementing ways to reduce cancer disparities in the State of California, using a community collab-
orafion and partnership approach.

This research program largely focused on identifying barriers to effective cancer care, demonstrat-
ing effective cancer care practices, and developing early successes in the implementation of novel
research approaches. Given the disease burden in the state of nearly 60,000 cancer-related deaths
in 2019, the request for proposals solicited research proposals that focus on cancer preventative,
diagnostic, and tfreatment strategies in minoritized and underserved populations. The proposals with
the most innovative and effective inclusion of community engagement, ‘big data,” genomic/genet-
ic informatics, and healthcare navigators were awarded.

Three projects were awarded $9 million total ($3 million each) in funds across Northern and Southern
California, focusing on educational, biomedical, and healthcare interventions for communities that
are historically underrepresented in research, and/or harder to reach, to provide precision health-
care. These projects, largely focusing on cancer disparities among Hispanic/Latino communities,
involved three lead intensive research institutions and 15 partners across the healthcare, nonprofit,
and academic sectors.

As a result of this research program, the cancer researchers have published 55 scientific manuscripts
to date in renowned peer-reviewed scientific journals, given 126 presentations at national and inter-
national conferences, and obtained $10.7 million in leveraged, supporting, or follow-on funding.

Key learnings from the Cancer Disparities projects include:

(1) Understanding genetic diversity in Latinas can help refine genetic cancer risk assessments for
breast cancer.

(2) Community health worker-led health care interventions can lead to earlier diagnoses and
improved cancer care.

(3) Leveraging academic-community partnerships, in tandem with community health workers,
can help align investigators and the community on research goals, recruit participants, and
educate the community about precision cancer care and treatments, especially in under-
served settings.

(4) Machine learning/artificial intelligence can potentially predict the efficacy of cancer treat-
ments based on tumor genetics.

Lasting collaborations were made with community-based organizations throughout the state, and
groups of minoritized and Hispanic/Latino populations with, or at risk for, cancer learned:

(1) about precision medicine concepts and how to access and advocate for those tools,
(2) how some people are susceptible to hereditary cancer,

(3) that there are logistical, financial, and recruitment barriers to accessing precision medicine
tools or sustaining programs that provide access to minoritized populations,

(4) culturally appropriate navigators are crucial to accessing precision medicine tools, and

(5) research databases and computer-models require additional participant samples to identi-
fy new molecular targets and precision freatments for diverse and underrepresented groups. g,
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BACKGROUND

The California Initiative to Advance Precision Medicine (CIAPM)

CIAPM was launched in 2015 by Governor Brown and the State Legislature, with the goal of gaining
a better understanding of disease mechanisms and fostering a modern and equitable approach to
health care, using technology and data.

According to the 2018 California Precision Medicine Action Plan, precision medicine, sometfimes in-
terchanged with precision health or personalized medicine, is defined as an approach that “aims to
use advanced computing tools to aggregate, integrate, and analyze vast amounts of data from re-
search, clinical, personal, environmental, and population health settings, to better understand health
and disease, and to develop and deliver more precise diagnostics, therapeutics, and prevention
measures.”! In practice, these approaches provide tangible applications considering the whole-per-
son, their lifestyle, and life circumstances to provide equitable health outcomes.

CIAPM supports cutting-edge biomedical and health research that harnesses data to generate new
insights, prioritizes whole-person care, and advances community-driven solutions to reduce health
inequities. CIAPM’s mission is to drive the development of innovative technologies and personalized
strategies and to coordinate cross-sector partnerships for prevention, diagnosis, and treatment to im-
prove the health and well-being of all Californians. Since its inception, CIAPM has been appropriated
$67 million by the Legislature and funded 21 demonstration projects, both in specific disease areas
and wider research programs, thus furthering the validity of applying cutting-edge technologies and
big data sets for equitable health outcomes and community partnerships that allow for community
input and facilitate community benefits. The program has also been a nexus in fostering collabora-
fions across more than 100 partners in industry, health care, academia, and the nonprofit sector.?

The application of precision medicine in healthcare and research aims to bring us closer to the goal
of health equity and a more productive and healthier society. This includes more effective and per-
sonalized prevention, diagnostic, and treatment strategies, and personalized medical care, fewer un-
necessary general treatments for the “average” patient, increased patient access and affordability,
increased efficiencies and development in the healthcare workforce, and increased patient under-
standing of health, disease, and how to seek care.

Cancer Prevalence and Disparities in California

According to the National Cancer Institute, cancer is “a disease in which some of the body’s cells
grow uncontrollably and spread to other parts of the body.” Cancer is a disease resulting from inherit-
ed errors in DNA or environmental exposures that damage DNA that cause uncontrolled cell growth.?

The California Cancer Registry estimates that 50% of Californians will develop cancer at some point
in their lives, and nearly a quarter of Californians will die of cancer.* Roughly 180,000 people in Cali-
fornia are diagnosed with cancer yearly and nearly 60,000 deaths occurred in 2019, with the highest
diagnoses occurring for prostate (male), breast (female), lung, colorectal, uterus (female), urinary,
bladder, and thyroid cancers.’

Between 1988-2019, Native Americans had the highest mortality rates for all cancer types. Rates of
cancer incidence and mortality increased in uterine and breast cancer for Hispanic/Latino, Asian/
Pacific Islanders, and Native Americans, with the highest rates of incidence occurring in the far north
of the state (including Humboldt, Shasta, Tehama, Glenn, Butte, Lake, and Amador counties). Great-
er percentages of Black/African American, Asian/Pacific Islander, Hispanic/Latino, and Native Ameri-
cans with lower socioeconomic status were diagnosed with late-stage, often untreatable melanoma,
lung, and breast cancers. Breast cancer had the highest rate of incidence across all ethnicities, with
nearly 30,000 new diagnoses in California in 2019.°

Hispanic/Latino cancer diagnoses in California tend to be in younger patients who often live in dis-

Precision Medicine: An Action Plan for California (2018).

Evaluations of the Cdlifornia Initiative to Advance Precision Medicine Projects, 2015-2018 (2019).
National Cancer Institute: What is Cancere (2021).

Cdlifornia Cancer Registry: About Cancer (2018).

UC Davis Comprehensive Cancer Center: Cancer in California, 1988-2019.

8
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advantaged areas. Rates of short-term (five year) survival are lower for several cancer types among
Hispanics/Latinos compared to Caucasian populations. Further, except for Medicaid patients, most
detectable cancers (such as breast, cervical, colorectal, lung, melanoma, oropharyngeal, and pros-
tate) are detected later in Hispanics/Latinos across all insurance types. Hispanics also make up two-
thirds of the uninsured population in California, further conftributing to delayed diagnosis.¢

State of Precision Medicine for Cancer Care

Precision medicine, in the context of cancer care, is an approach that takes into account genetic
differences between patients, genetic differences between tumors within a patient or between pa-
tients, the surrounding tissue environment, overall disease burden, lifestyle, and a patient’s life circum-
stances.”

Precision medicine differs from ‘standard care’ in that ‘standard (or usual) care’ often focuses on di-
agnostic strategies for the “average” patient. Treatment approaches can often be invasive and risky
while not guaranteeing an effective outcome and neglect a patient’s life, financial circumstances,
and ability to access tfreatment. Historically, ‘standard care’ in cancer has involved chemotherapy or
radiation to kill cancer cells, temperature tfreatment to destroy cancer cells, surgery to remove solid
tumors, stem cell fransplants for blood cancers, hormone therapies to slow the growth of some can-
cers, and palliative care to deal with the psychological and physical symptoms of serious or terminal
cancer.?

In contrast, precision cancer prevention can include fumor genetic testing, vaccination for certain
cancers, population genomics, health care navigation, imaging and liquid biopsies, real-time bio-
sampling and monitoring, and health data system integration.? Precision therapies can include small
molecules (often orally administered), injectable tfreatments (including radioactive molecules or im-
mune system stimulants) and genetically engineered immune cells.'® The patient’s goals are also an
important aspect of this approach to tailor freatments that balance the effects of treatments on their
quality of life."

No one tumor or patient is exactly the same, and cancer freatment often requires a diverse preci-
sion therapeutic approach. Generally, tumors are identified via imaging or characterizing the tumor
before specific genetic analysis occurs that can determine which genes are mutated and what
treatments are available. Common precision tools tfreat cancers by blocking the functions that are
mutated in a patient, such as hormones, DNA repair, tumor growth, metabolism, and cell survival, as
well as genetic information fo match tumors to the right tools.!?

Challenges Facing Precision Cancer Care and Research

Precision medicine has the potential to improve the lives of millions. While major advancements have
been made, there is a disconnect between research findings and practical application. In cancer
care, there are three major barriers between the research-to-public pipeline: 1) Lack of research with
diverse communities, 2) disconnected medical records and databases, and 3) incomplete under-
standings of social determinants of health for cancer.'3

6 UC Davis Comprehensive Cancer Center: The Burden of Cancer Among Hispanic/Latinos in California,
2010-2019.

7 Hoeben, A., Joosten, E. A., & van den Beuken-van Everdingen, M. H. (2021). Personalized medicine:
recent progress in cancer therapy. Cancers, 13(2), 242.

8 National Cancer Institute: Types of Cancer Treatment (2024).

9 Masing, R., & Caldas, C. (2024). Precision Cancer Medicine 2.0—Oncology in the postgenomic era. Mo-
lecular Oncology, 18(9), 2065-2069.

10 Han, C., & Zhan, Q. (2023). Precision medicine revolutionizes cancer diagnosis and treatment. Medical

Review, 2(6), 541-543.

11 Papalexis, P., Georgakopoulou, V. E., Drossos, P. V., Thymara, E., Nonni, A., Lazaris, A. C., Zografos, G.

C., Spandidos, D. A., Kavantzas, N., & Thomopoulou, G. E. (2024). Precision medicine in breast cancer (Re-

view). Molecular and clinical oncology, 21(5), 78.

12 Sarhangi, N., Hajjari, S., Heydari, S. F., Ganjizadeh, M., Rouhollah, F., & Hasanzad, M. (2022). Breast can-
cerin the era of precision medicine. Molecular biology reports, 49(10), 10023-10037.

13 Randall A. Oyer et al. Increasing Racial and Ethnic Diversity in Cancer Clinical Trials: An American So-

ciety of Clinical Oncology and Association of Community Cancer Centers Joint Research Statement. JCO 40, -
2163-2171(2022). DOI:10.1200/JC0O.22.00754
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Much of the research being done on cancer studies groups of people who are well integrated in

the medical system and people who have the time and resources to participate in research studies.
Research data and treatments then only represent those who have the time and resources to access
medical services. People from underrepresented and minoritized communities cannot access treat-
ment due to affordability, lack of insurance, or lack of primary care knowledge and become exclud-
ed from novel medical advancements. This affects research in that diverse genetic factors contribut-
ing to cancer may be overlooked if certain community’s genetics are not studied.

Large datasets of medical records are crucial for understanding the underlying mechanisms of can-
cer to develop new treatments; yet there is a lack of accessible, diverse medical records, clinical
samples, and a lack of integrated data systems, which limits insights on specific freatments and infor-
mation for patients that could save lives.'

Lastly, a main issue in precision cancer research is a general lack of understanding of environmental,
structural, interpersonal, racial/ethnic, and economic factors that influence health trajectories and
outcomes, also known as ‘social determinants of health’, and how they can lead to barriers for treat-
ment and diagnosis. For minoritized Californians, these social determinants (such as race, ethnicity,
urbanicity, rurality) can create disparities in access to tfreatment, and in particular precision medical
care for critical health conditions, like cancer. Researchers who are able to develop novel treat-
ments for a specific minoritized population may find themselves unable to implement their findings in
the population studied. Barriers, such as language and literacy, can hinder individuals from learning
about novel freatments or new research on how and when to use diagnostics tools for disease. Lim-
ited public health resources can influence the accessibility and reach of health information from the
medical community to the public.'™

Challenges Facing Cancer Patients in Accessing Precision Cancer Care

A cancer diagnosis enters a patient into specialized care, which unlike primary care, is a setting in
which clinicians can identify the specifics of a patient’s illness and begin discussing tailored tfreatment
options. The continuum from primary care to specialized cancer care is not universal and the wait-
ing period before a patient begins receiving specialized care is dependent on various factors, like
referrals and provider availability. Primary care practices that have relationships with specific oncolo-
gists can accelerate referrals of patients to specialized care. However, social determinants of health
shape the experience of the primary-to-specialized care continuum and ultimately shape the health
trajectories for patients. For example, living in rural (versus urban) areas can be associated with fewer
options for nearby oncologists and treatment facilities.'®

To receive cancer care, individuals must tfraverse through available services, covered providers, and
a complex insurance system, further complicated if there are cultural, language or systemic barriers
to understand the healthcare system.' Health insurance literacy is critical in cancer care and nav-
igating this complex medical financial system may be difficult for many, especially if an informed
and timely decision-making process requires English proficiency and an understanding of the US
healthcare system. Upon admittance into specialized cancer care, substantial costs begin accruing
for cancer patients.'® High cost and insurance coverage are barriers for accessing cancer care and
more specifically precision cancer care.”

Cancer Disparities Research Program

To address some of the challenges described above, CIAPM released a Request for Proposals (RFP)
entitled Reducing Cancer Disparities through Collaborative Precision Medicine Care '8in 2018. The
goal of the RFP was to fund demonstration research projects that “aim to improve access to pre-
cision medicine cancer care approaches, for patient populations that suffer from cancer health
disparities, through collaborations between academic, community, and nonprofit and private
partners.” Projects should aim to improve cancer outcomes and reduce disparities in the county or

14 Mateo, J., Steuten, L., Aftimos, P., André, F., Davies, M., Garralda, E., ... & Voest, E. (2022). Delivering
precision oncology to patients with cancer. Nature medicine, 28(4), 658-665.

15 Baird, A. M., Westphalen, C. B., Blum, S., Nafria, B., Knoft, T., Sargeant, 1., ... & Wong-Rieger, D. (2023).
How can we deliver on the promise of precision medicine in oncology and beyond? A practical roadmap for
action. Health Science Reports, 6(6), e1349.

16 Let's Get Healthy California: Social Determinants of Health (August 2016).

17 American Cancer Society. (October 2020).

18 CIAPM Request for Proposals 2018.
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community setting(s) and increase understanding of how to apply precision medicine approaches

in commonly diagnosed, high prevalence, or high mortality cancers (e.g., breast, colorectal, lung,
prostate, pancreatic cancer). Projects should be able to obtain molecular measurements, remotely
collect behavioral or other data, subtype the disease, link genomic data to electronic health re-
cords, access existing biobanks, databases, medical records, engage participant communities, and/
or establish mechanisms for responsible data sharing. Projects also were required to be co-led by at
least one California community organization that provides cancer tfreatment for patient populations
that experience cancer health disparities.

The demonstration projects were selected through a competitive, peer-reviewed process with a
group of out-of-state precision medicine experts. Reviewers used criteria for selection based on the
National Institutes of Health process. Reviewers were asked to evaluate proposals based on a num-
ber of factors including: 1) Significance; 2) Investigators; 3) Innovation; 4) Approach; and 5) Environ-
ment. Each proposal was also assigned an overall impact score. As per CIAPM’s statute and the Re-
quest for Proposals, at least one awarded project had to be located at a public institution in northern
California and another in southern California. Additionally, individual institutions could only receive
one award.

The awarded projects were selected (see list below) because they proposed promising use of data
and computing tools to improve health outcomes and health care and followed the themes of the
National Academies of Science Report on Precision Medicine, including identifying barriers to effec-
tive cancer care, defining effective cancer care practices, and developing early successes in the im-
plementation of novel research and care techniques.!” Given the above-mentioned disparities and
burden of cancer in California, the three projects awarded focused on research and interventions

of this disease because of their comprehensive use of community engagement, ‘big data,’ genetic/
genomic informatics, and healthcare navigators. Additionally, the projects advanced several themes
described in the Background, including focusing exclusively on underrepresented and minoritized
communities in California (predominately Latinas with or at risk of developing breast cancer) increas-
ing the amount of available data to assess cancer risk and identify common genetic mutations in
tumors from Latinas, leveraging genetic analyses of fumors to inform treatments, enhancing patient
knowledge and care coordination to improve outcomes, and engaging communities about cancer
and the challenges patients face.

The projects aimed to improve access, care, and outcomes for patient populations that experience
cancer health disparities through collaboration between academic, community, nonprofit, and
private partners. Each project received $3 million to recruit participants, conduct precision medicine
research, and foster novel partnerships to address cancer disparities in California over three years.
Due to challenges faced by researchers and communities during the COVID-19 pandemic, one-year
no cost extensions were provided for each project, for a total project term of four years.

Awarded demonstration projects for the Cancer Disparities Research Program:

1. Improving Breast Cancer in Latinas: A Multi-Tiered Approach; UC San Francisco. Lead PI: Elad Ziv,
PhD

2. Integrated Machine-Learning Platform to Inform Precision Therapy in Breast Cancer Patients (Celsus
Project); UC San Diego. Lead PlIs: William Kim, PhD and Pablo Tamayo, PhD

3. Reducing Cancer Disparities Through Innovative Community-Academic Partnerships - Addressing
Latinx CANcer Care Equity (ALCANCE) Project; Stanford University. Lead Pl: Manali Patel, MD, MS,
MPH.

PROCESS OF EVALUATION

As required by state law, expert evaluations followed the completion of the cancer disparities re-
search program. For this purpose, CIAPM recruited out-of-state subject matter experts to assess each
project’s scientific, clinical, and technical accomplishments objectively within the context of cancer,
health disparities, and precision medicine. In addition, evaluations gauged how the work has ad-
dressed the goals of the program to advance precision medicine and benefit diverse communities
across California. The specific goals of the program, as it exists in the California Health and Human
Services Agency (CalHHS), are listed in statute and were initiated through the competitive Requests

19 National Research Council (US) Committee on A Framework for Developing a New Taxonomy of Dis-
ease. (2011). Toward Precision Medicine: Building a Knowledge Network for Biomedical Research and a New -
Taxonomy of Disease. Natfional Academies Press (US).
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for Proposals (RFP). Each awarded project was not expected, nor designed, to address each point,
and only goals relevant to each project were considered by the evaluators. CIAPM received a total
of 23 cancer research proposals, of which 11 finalists were invited to submit full research plans before
funded awardees were selected.

RFP Goals

1. Improve patient outcomes in the short- (36 months) and long-term.

2. Reduce health disparities.

3. Increase understanding of how to apply precision medicine approaches to cancer care among

populations that are affected by cancer health disparities.

Guide the development and/or utility of a shared data platform.

Use “omics” data to improve preventative, diagnostic, and/or tfreatment approaches.

Improve precision medicine capabilities, such as through infrastructure and tools, including new

consortia, collaborations, personnel competencies, databases, datasets, applications, software,

computational development, intellectual property, patient cohorts, participant communities and
networks, and models for responsible data sharing.

7. Engage patients in guiding and contributing to research and clinical practice, such as by provid-
ing opportunities to build trust, frameworks to ensure informed consent, and approaches to data
sharing, privacy, and security.

8. Allow patients access to their medical data and/or provide opportunities for patients to contrib-
ute data from this project to other research studies.

9. Scale and leverage multiple electronic health records system:s.

10. Develop the use of tools, measurements, and data, including publicly generated and available
data.

11. Engage researchers and collaborative partners from underrepresented backgrounds.

o~ s

Out-of-State Expert Evaluators

Six out-of-state evaluators were selected and recruited based on their expertise in the genetics of
cancer, health disparities in cancer, and community engagement in the context of cancer. Three
evaluators previously served on the cancer disparities RFP selection committee. Each evaluator was
subject to a conflict-of-interest screening, adapted from the standard process of the National Insti-
tutes of Health (NIH).? Following agreement to nondisclosure and confidentiality, each evaluator was
assigned to one project, and each project was evaluated by two evaluators. All evaluators are listed
in Appendix A.

Evaluation Materials
The following materials were provided to evaluators at the onset of the evaluation process:

Request for Proposals

Original Proposal

Final reports, prepared by project teams using a template
Instructions for evaluators

Evaluation Process

Evaluators drafted evaluative comments. CIAPM then virtually convened evaluators assigned to
each project for the purpose of gathering further details and addressing specific aspects of the
evaluative comments. For those evaluators who indicated the need for additional information from
research teams for a comprehensive evaluation, CIAPM facilitated the exchange of evaluators’ fol-
low-up questions and research teams’ responses. In addition to evaluating how the projects met the
RFP goals, evaluators assessed the items below:

1. Evaluate the scientific, clinical, and/or technical quality of the work.

2. Assess whether the team accomplished its overall goals and to what degree milestones were
achieved.

3. Evaluate the extent to which the following accomplishnments by the team may have an impact

20 NIH Conflict of Interest rules for initial peer review for grant applications, and technical evaluation of

R&D confract proposals, based on federal regulations (42 CFR Part 52h) and presented in detail in NIH Guide
Notices NOT-OD-13010 and NOT-OD-14-069.
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on precision medicine and on the State of California:

The project as a whole

The insights regarding institutional, state, and federal regulatory processes and poli-

cies that were obtained

The processes, best practices, and partnerships that were established

The training, education, and professional development opportunities

Impact on the economy

Impact on the community

The “lessons learned”

Other conftributions relating to advancing precision medicine

4. Evaluate the likelihood that the future goals for the project can be achieved, both in terms of
feasibility and ability to attract funding, and the potential for impact on precision medicine and
on the State of California.

5. Additional questions for the team that, if answered, would significantly improve their ability to
evaluate this project.

oo

SQ "0 Q0

Evaluation Report

CIAPM staff prepared this Evaluation Report, which is based on the research teams’ final reports, orig-
inal proposals, expert evaluations, evaluation discussions, and research teams’ responses to evalua-
tors’ follow-up questions. Feedback on drafts of the report was solicited from the expert evaluators,
research teams, and CalHHS. Appendix A features bios of the expert evaluators, and Appendix B lists
all publications, press releases, and presentations generated as a result of CIAPM-funded research.
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Improving Breast Cancer in Latinas: A Multi-Tiered Approach

Principal Investigator: Elad Ziv, PhD
University of California, San Francisco

alifornia Initiative to Advance
Precision Medicine

Project Goals

Collect new biological samples 3 Conduct semi-structured
to understand genetic variation interviews to understand expense
and refine breast cancer barriers to genetic testing for
PRS in Latinas U breast & ovarian cancer in Latinas
N 2 Implement a bilingual, Pinpoint new mutations in tumor
II;"“ promotora-led education §J genes unique to Latinas with
program on hereditary breast cancer breast cancer of diverse
ancestries
Traineeships
a cert.aln disease compared to others with a different promotoras - who
genetic makeup

provided education to
Latina women about
hereditary breast
cancer risk

hereditary - traits passed through genes to children
mutation - change in the sequence of DNA
acquired mutation - change in DNA resulting from
environment or lifestyle influences

promotora - lay community health worker who provides 2 post-doctoral
culturally and linguistically tailored health education research fellows

Community Contributions

Community Partners:

Patient Education & Referrals ‘|T' 1 620 w(;)mer;_ in the commun:y re;ctalvedbbllln?ual
e Promoters for Better Health education program on hereditary breast cancer
e Vision y Compromiso 8‘%% 1 300 women received a cancer family history
Community Advisory Board screening
L @g@ 1 02 met the criteria for genetic counseling referral
Agency
* Latino Canc.er Instltute E 50 received clinical genetic testing
(Los Angeles, Riverside,
Orange, Santa Clara, San ?@ 5 tested positive for cancer risk

Bernadino, San Francisco,
Stanislaus counties)

@g https://ciapm.chhs.ca.gov/ CalHHS M CIAPM@chhs.ca.gov
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Improving Breast Cancer in Latinas: A Multi-Tiered Approach

New Assets

Clinical Collaboration to Build Dataset

Collaborated with City of Hope to build a database of tumor samples from
Northern and Southern Californians with breast cancer

1 695 newly collected 734 tissue pairs comparing cancerous and non-
r Latina breast cancer cancerous samples from each patient to identify
samples analyzed hereditary vs. acquired components to cancer

4 264 genetic samples from collaborative genomics research network throughout CA &
r Mexico were analyzed to determine which genes suspected to contribute to
cancer were frequently present in Latina cancer samples.

Genes with Population-Specific Associations in Latinas with Breast Cancer

Mutations in cancer genes were identified more commonly in Native American/East Asian
women with estrogen receptor-negative tumors and less commonly among African ancestry

New Databases Generated for

“°§'e' Ge|_1es Identified with e the California Breast Cancer
Unique Risk for Breast g Genetics in Latina Women Study

Cancers in Latina Women https://bit ly/3FZSmDI

https:/bit.ly/4jRGGB5

Refined PRS in wenomic data rrom ~5/UuU Latina preast cancer sampies expanaed
Latinas the groundwork for refining cancer risk assessments

The team found that the newly identified genetic mutations were additive to previously discovered
mutations and inform on a more accurate and applicable PRS for breast cancer in Latinas.

Scientific Contributions ( 8 manuscripts ) ( 9 presentations )

Takeaways

1 By focusing exclusively on Latina breast cancer patients, the team fine-
tuned genetic testing for breast cancer risk, providing more accurate
tools for diverse and underrepresented populations.

2 Precision cancer education leads to utilization of family history screens and genetic tests
to identify unique cancer risks, potentially diagnosing cancer earlier and improving patient
outcomes.

@ https://ciapm.chhs.ca.gov/ CalHHS M CIAPM@chhs.ca.gov
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EVALUATIONS OF DEMONSTRATION PROJECTS
1. Improving Breast Cancer in Latinas: A Multi-Tiered Approach

Lead Principal Investigator: Elad Ziv, PhD
Project Period: October 1, 2019 — September 30, 2023

Research Team, Community Partners, and Collaborators
UC San Francisco (UCSF) /Zuckerberg San Francisco General Hospital (Research Team)

Ana Fernandez-Lamothe
Donglei Hu, PhD
Galen Joseph, PhD
Henrik Bengtsson, PhD
Jovia Nierenberg, PhD
Kathryn Phillips, PhD
Michael Douglas
Min Li
Niharika Dixit, MD
Pooja Middha, PhD
Latina Breast Cancer Agency (Community Partner)
Olivia Fe
Latino Cancer Institute (Community Partner)
Ysabel Duron
Promoters for Better Health (Community Partner)
Alejandra Martinez
Vision y Compromiso (Community Partner)
Miriam Hernandez
City of Hope (Collaborator)
Carmina Patrick
Daniel Schmolze, MD
Linda Steele
Mayra Serrano
Stacy Gray, MD

Susan Neuhausen, PhD, Co-Principal Investigator
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Veronica Tejada
UC Dawvis (Partner Institution)
Laura Fejerman, PhD
Luis Carvajal-Carmona, PhD, Principal Investigator
Paul Lott, PhD
Stanford University (Partner Institution)

Suzanne Tamang, PhD

Scientific Background and Context
Importance of hereditary cancer screening and genetic testing

Hereditary cancer screening via a family history questionnaire can help improve the understanding
of inherited cancer risk. Genetic testing further aims to determine cancer risk and, ultimately, aids in
the detection of cancer. By identifying people who are at particularly high inherited risk, those pa-
tients can start screening at an earlier age, can be screened more often, and be assessed with ad-
vanced, high-resolution technologies like MRI. Improved screening allows for early detection, leading
to earlier interventions and a decrease in cancer mortality.?!

Measures to understand genetic cancer risk

Polygenic risk score (PRS): A calculation, using genome-wide genetic information, to assess a person’s
chances of having or developing cancer based on a collection of known cancerous genes or mutao-
tions.

Variants of uncertain significance (VUS): A genetic difference, identified through analysis (or se-
quencing) of a patient’s genome, for which there is unclear evidence of the variant’s connection to
cancer, due to a lack of collected data on that variant.

Single nucleotide polymorphism (SNP): A genetic variant at a single base position in the genome,
present in a significant fraction of the population. Scientists study if and how SNPs in a genome influ-
ence the functionality of proteins, affecting health, cancer, drug response, and other traits.

Hereditary mutations: Changes in the DNA, yielding traits that are passed through genes from parent
to child.

Acquired mutations: Changes in the DNA resulting from environmental or lifestyle influences.
Genetic and tumor testing and their limitations

Genetic tests can be part of a wide range of molecular tests used to determine the contribution that
DNA plays in cancer and whether other factors, such as overall health conditions, lifestyle, or the en-
vironment, affect the progression of a tumor.

Other molecular tests look at the role proteins, metabolism, bacteria, or other factors have in the
progression of disease. Genetic tests are one of a suite of tools that look at internal factors affecting
cancer but can also be limited in scope.??

For example, many genetic tests are biased towards existing genes that are known to cause cancer
and are not informed by diverse population genetics. Genetic tests also are limited due to a lack of
standards across the industry, leading to varied reliability and limiting the assessment of cancer-asso-
ciated genes to a small pool of candidate genes. Tumor testing, which assesses the physical or ge-
netic characteristics of a tumor, typically does not consider genetic differences of the same cancer

21 Zavala, V.A., Bracci, P.M., Carethers, J.M. et al. Cancer health disparifies in racial/ethnic minorities in
the United States. Br J Cancer 124, 315-332 (2021).

22 Passaro, A., Al Bakir, M., Hamilton, E. G., Diehn, M., André, F., Roy-Chowdhuri, S., ... & Peters, S. (2024).
Cancer biomarkers: emerging frends and clinical implications for personalized freatment. Cell, 187(7), 1617-

1635.
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from patient-to-patient.

Furthermore, testing services may limit what genes to test for because of the cost associated with
looking at select areas versus ‘genome-wide’ stretches of DNA, creating different recommendations
for routine clinical-use. The confidence in such tests is worsened when only certain population groups
confribute their DNA for genetic analysis and are worsened by limitations in care access or research
recruitment of underrepresented groups.?*%

Breast cancer prevalence and inequities in research and care in Latina communities

Breast cancer is the most common cancer among Latinas and is the leading cause of cancer death
among Latinas in California.?’ However, the scientific understanding of which genetic variants cause
Latinas to develop breast cancer is limited because Hispanic/Latina women are substantially un-
der-represented in studies of genetic risks for breast cancer and the genomics of breast cancers
through tumor testing.?® Latinas are less likely to receive and be referred to genetic and tumor testing,
leading to less data and, as a result, more genetic variants in Latinas being classified as VUS.?¢ Latinas
are often excluded in obtaining PRSs, which increase accuracy of breast cancer prediction, from
commercial testing labs.?” Precision medicine tfreatment of breast cancer is guided by genetic and
tumor testing, but data shows that breast cancer tumor testing is more common among non-Latina
White women.? Thus, genetic mutations more common in Latinas and other underrepresented mi-
noritized communities may go undetected through tumor testing. Additional barriers, such as lack of
insurance, lack of access to primary care, and fears of family health history discrimination, result in
lower community awareness of hereditary cancer, limited genetic testing, and limited knowledge of
other precision medicine approaches among Hispanic/Latina communities.?”

Project goal

The goal of this project was to address these critical issues in precision cancer care by: 1) determining
which genetic variants may predispose Latinas to breast cancer, 2) which tumor mutations are more
common in Latinas, and 3) by training community health workers (known as ‘promotoras’) to con-
duct outreach and education among Latina communities about breast cancer risk. Together, the
UCSF team seeks to improve breast cancer outcomes in Latina populations.

23 Riedl, J. M., Moik, F., Esterl, T., Kostmann, S. M., Gerger, A., & Jost, P. J. (2024). Molecular diagnostics tai-
loring personalized cancer therapy—an oncologist’s view. Virchows Archiv, 484(2), 169-179.

24 Lynce, F., Graves, K. D., Jandorf, L., Ricker, C., Castro, E., Moreno, L., ... & Vadaparampil, S. T. (2016).
Genomic disparifies in breast cancer among Latinas. Cancer control, 23(4), 359-372.

25 Ooi SL, Martinez ME, Li CI. Disparities in breast cancer characteristics and outcomes by race/ethnic-

ity. Breast Cancer Res Treat. 2011 Jun;127(3):729-38. doi: 10.1007/s10549-010-1191-6. Epub 2010 Oct 7. PMID:
21076864; PMCID: PMC3081535.

26 Hurtado-de-Mendoza A, Graves K, Gomez-Trillos S, Anderson L, Campos C, Evans C, Stearns S, Zhu Q,
Gonzalez N, Sheppard VB. Provider's Perceptions of Barriers and Facilitators for Latinas to Participate in Genetic
Cancer Risk Assessment for Hereditary Breast and Ovarian Cancer. Healthcare (Basel). 2018 Sep 17;6(3):116.
doi: 10.3390/healthcare6030116. PMID: 30227649; PMCID: PMC6164735.

27 Hughes E, Tshiaba P, Gallagher S, Wagner S, Judkins T, Roa B, Rosenthal E, Domchek S, Garber J, Lan-
caster J, Weitzel J, Kurian AW, Lanchbury JS, Gutin A, Robson M. Development and Validation of a Clinical
Polygenic Risk Score to Predict Breast Cancer Risk. JCO Precis Oncol. 2020 Jun 8;4:P0O.19.00360. doi: 10.1200/
PO.19.00360. PMID: 32923876; PMCID: PMC7446363.

28 Spratt DE, Chan T, Waldron L, Speers C, Feng FY, Ogunwobi OO, Osborne JR. Racial/Ethnic Disparifies in
Genomic Sequencing. JAMA Oncol. 2016 Aug 1;2(8):1070-4. doi: 10.1001/jamaoncol.2016.1854. PMID: 27366979;
PMCID: PMC5123755.

29 Hall, M.J., Reid, J.E., Burbidge, L.A., Pruss, D., Deffenbaugh, A.M., Frye, C., Wenstrup, R.J., Ward, B.E.,
Scholl, T.A. and Noll, W.W. (2009), BRCA1 and BRCA2 mutations in women of different ethnicities undergoing \_/
testing for hereditary breast-ovarian cancer. Cancer, 115: 2222-2233.
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Project Summary

The goal of the project led by Dr. Elad Ziv at UCSF was to leverage large-sample size genetic se-
qguencing and analysis fo address hereditary breast cancer in Latina women through the following
objectives:

1. To understand the relevance of genetic variants in breast cancer risk in Latinas, the team ana-
lyzed VUS within known breast cancer risk genes. To achieve this, the team collected samples from
1695 Latinas with breast cancer. The team then combined data from these samples with additional
samples and datasets to sequence and analyze samples from 4264 breast cancer patients and 4350
patients without breast cancer (non-cancerous controls). While the team is still adding samples and
data from additional sources, this approach is allowing the team to identify trends and candidate
genes most closely associated with breast cancer in Latinas.

The UCSF team refined PRSs for hereditary breast cancer in Latinas, using a large data set of ~5700
breast cancer cases and ~12,750 controls. The team found that the PRS with previously identified
SNPs, combined with the SNPs the team found in Latinas, performed best in providing a high-quality
PRS, improving assessment of cancer risk. Additionally, the additive information from the SNPs discov-
ered in Latinas is most informative among Latinas with Indigenous American ancestry.

2. In collaboration with community partners Promoters for Better Health in Southern California and

Vision y Compromiso in Northern California, the UCSF team implemented a bilingual education pro-
gram on hereditary breast cancer, enrolling 1,620 women. A subset of 1,300 women responded to a
cancer family history screening survey with 102 (7.8%) of them meeting the criteria for genetic coun-

seling referral.

3. To understand payer reimbursement and out of pocket expenses for genetic testing for hereditary
breast and ovarian cancer in Latina communities, the team performed semi-structured interviews
with providers in the San Francisco Bay Area. They found that laboratory patient assistance programs
help patients mitigate financial barriers, but potential challenges emerge for sustainability of low-cost
testing and further access to testing for at-risk family members, which is crucial for hereditary cancer
diagnoses.

4. To identify novel mutations in genes that may be more frequently or uniquely altered in tumors
from Lafinas with breast cancer, the team collaborated with City of Hope to build a dataset of 734
new tumor/normal (cancerous and noncancerous) pairs of samples for further research that is cur-
rently in progress. Based on inifial findings from a subset of these samples, the team found common
single variants in known, often mutated breast cancer genes. With this initial sample, they also ana-
lyzed tumor mutational patterns and identified common signatures, finding a signature not previously
identified to be associated with breast cancer and also present in a series of tumors specifically from
Mexican women.

To understand the association between genetic ancestry and breast cancer mutations, the team an-
alyzed data from >35,000 breast tumors with the ancestry-based genetic variation database, Foun-
dation Medicine, and found high correlations between specific genes and specific ancestry.
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Project Achievements
Improving hereditary breast cancer risk scores in Latinas

To understand the relevance of genetic variants in breast cancer risk in Latinas, the UCSF team ob-
tained genetic samples from Latina breast cancer patients through various sources, including en-
rolling 1695 Latinas in California themselves and obtaining samples from the Peruvian Genetics and
Genomics of Breast Cancer Study. Together, the team sequenced and analyzed samples from 4264
breast cancer cases and 4350 conftrols. They found an association between a subtype of breast can-
cer (ER-negative) and variants in the gene FANCM, which has been reported previously in non-His-
panic/Latina White populations, but has not been found to be significant across the genomes of
other ethnicities. This finding suggests that FANCM should be considered as a gene associated with
increased risk of ER-negative breast cancer in clinical practice, and women with breast cancer and
a mutation in this gene may be responsive to particular medications (poly-ADP ribose polymerase
(PARP) inhibitors). The tfeam also identified two additional genes with associations for breast cancer in
Latinas that have not been reported in other populations and warrant additional follow-up.

To improve the utility of PRS for Latinas, the team developed a refined PRS for hereditary breast can-
cer in Latinas using a large data set of ~5700 breast cancer cases and ~12,750 controls. The team
tested a variety of methods to generate this refined PRS, including the addition of common SNPs
found in Asian and Latina populations. Ultimately, the team found that PRSs that include both the
313 SNPs published by the Breast Cancer Association Consortium with the SNPs newly discovered in
Latinas are most effective at predicting breast cancer risk in this population. Additionally, they found
that the additive information from the SNPs discovered in Latinas is most informative among those
with Indigenous American ancestry. Thus, this project demonstrates the power of ‘big data’ analytics
to refine a measurement that assesses a person’s risk for cancer, based on known cancerous genes
or mutations.

The UCSF team intends to combine their data with data from the NIH All of Us Research Program to
increase the power of their final analyses.

Community partnerships to educate and refer patients

To provide education and navigation on hereditary cancer risk and care, the team implemented

a bilingual education program on hereditary breast cancer for 1,620 women from the Los Angeles,
Sacramento, and San Francisco areas, in partnership with 24 health navigators or ‘promotoras’ from
the community partners Promoters for Better Health and Vision y Compromiso, leaving a lasting foot-
print of tfrained, culturally-astute healthcare professionals in the community.

A subset of 1,300 women responded to a cancer family history screening survey, with 102 (7.8%) of
them meeting the criteria for genetic counseling referral. Of the 102, 50 (~50%) consented to be
tested, 34 (~30%) declined or were lost to follow up, and 18 already had clinical genetic testing, with
five reporting a positive cancer-risk, eight negative tests, and one patient with a VUS (four did not
remember their results). Of the 50 who consented, the team received results for 26, with one positive
result for cancer-risk, one VUS, and 24 with negative results. The team is still following up with the 24
women that consented but have not yet received test results. This project therefore demonstrated
that having culturally-appropriate health navigators can lead to improved knowledge and pursuit of
precision medicine tools (screenings).

Identifying genetic mutations in breast tumors in Latina women

To identify genetic mutations in tumors from Latinas with breast cancer, the team collaborated with
City of Hope to build a dataset of 734 new tumor/normal (cancerous and noncancerous) pairs of
samples from the same patient using both cancerous and noncancerous tissue. While comprehen-
sive analyses of these data are sfill in progress, the team has identified initial findings from a subset of
these samples. Based on these initial data, the team found common SNPs in known breast cancer
genes and identified common signatures known to be present in breast cancer, as well as one sig-
nature that has not been previously associated with breast cancer but was present in tumors from
Mexican women.

The team also completed analyses of data from 35,000 breast cancer tumors from Foundation Med-
icine to assess the association between genetic ancestry and breast cancer mutations. The team
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found that ancestry correlates with mutations in specific genes, identifying mutations in specific
breast cancer tumor genes that correlate with African, East Asian, and Indigenous American ances-
try, respectively. These data suggest specific mutations for a given ancestry that could be targeted
with current or future medications, and the power of tying small pools of clinical data with an ex-
panded ‘big’ dataset.

Economic impact analysis

To understand financial barriers for genetic testing, the team performed semi-structured interviews
with providers in the San Francisco Bay Area. The team found the use of laboratories with payment
assistance programs reduces barriers to testing, but challenges can emerge for sustainability of low-
cost testing and access to cascade testing for family members, which is crucial for hereditary cancer
assessment. The team thus found barriers and potential solutions to effective care access. Solutions
offered in these interviews included 1) education of providers to ensure the most appropriate test is
ordered and 2) patient-centered education materials that address the concerns of specific Hispanic/
Latino subpopulations.

Challenges facing the team

The UCSF team experienced challenges in recruitment due to the COVID-19 pandemic, as initially
breast cancer patients were not coming to the clinic in person. The team pivoted to remote recruit-
ment and consent, but found that their recruitment efforts were more effective once in-person visits
resumed. Additionally, the team could not complete one of their milestones during the funding peri-
od, a genome-wide association study, because it depended on the National Cancer Institute (NCI)
Confluence project, which has only recently started processing samples. The team has provided
samples and data to NCI and anticipates receiving data back from NCI within 6-12 months. Addition-
ally, due to the onset of the COVID-19 pandemic, patient recruitment decreased. Following a return
to in-person recruitment later during the pandemic, the team was able to recruit efficiently at both
UCSF and City of Hope.

Training and education

The UCSF team tfrained two postdocs and supported their attendance at multiple national and inter-
national conferences. Additionally, the team frained 24 bilingual, bicultural promotoras to educate
Latina women in their community about hereditary breast cancer risk. As part of the project, the pro-
motoras have educated 1300 Latina women from their community about their own hereditary breast
cancer risk across Northern and Southern California.

Collaborations and partnerships

The UCSF team formed several collaborations and partnerships during the study. City of Hope partic-
ipated in the recruitment and coordinated all the clinical data collection and interactions with the
California Cancer Registry. City of Hope also performed the DNA sequencing and the informatics for
the tumor genomics, as well as the analyses for the tumor genomics. UC Davis led the educational
work on hereditary breast cancer risk, the research on polygenic risk of breast cancer, and collabo-
rated on the rare variant analyses and tumor genomics. Notably, the UCSF team formed new part-
nerships with Promoters for Better Health and Vision y Compromiso. Promoters for Better Health led the
educational sessions in Southern California and Vision y Compromiso led the educational sessions in
Northern California and in the Central Valley. The collaboration between UC Davis and Vision y Com-
promiso is continuing beyond this CIAPM study. Additionally, representatives from the Latina Breast
Cancer Agency and the Latino Cancer Institute served on the project’s community advisory board.

Future research and funding

The team is actively seeking additional funding based on their CIAPM-funded work to further under-
stand genetic susceptibility of breast cancer in Latinas, polygenic risk score improvement, further
sequencing of breast cancer tumors from Latinas, fine mapping studies, and community education.
Notably, the team has received a grant from NCI for $2 million to study genetic susceptibility of breast
cancer in Latinas, a grant from NCI for $2.5 million to build an international consortium to study breast
cancer risk in U.S. Hispanic/Latina women and in Latin American women, and a grant from Gilead for
$750,000 for community education in collaboration with Vision y Compromiso. Additionally, the team
developed a new study of 1659 Latina women with breast cancer from California (UCSF, Zuckerberg
San Francisco General Hospital and City of Hope), called the California Breast Cancer in Latinas
Study (CBLS). This successful awarding of additional grants demonstrates the power of a multi-stake-
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holder project in building a research network and infrastructure and attracting further funds.
Advantage of CIAPM'’s funding opportunity

According to the UCSF team, CIAPM’s funding allowed the team to recruit a large number of women
who are not currently well-represented in existing cancer datasets, which is not necessarily incentiv-
ized by other funders. This recruitment is critical because cancer research has not included enough
Latinas and women from other non-European ancestries to have the large sample sizes that are
needed for genetic studies in specific populations. Additionally, CIAPM’s emphasis on community
partnerships allowed the team to build new relationships between scientists and the communities
they serve and incorporate an extensive community educational component to return the benefits
of research to the community.

Expert Evaluation

By Dr. Jennifer Mack and Dr. Elaine Mardis

The UCSF Multitier Breast Cancer study set an overarching goal of improving on the lack of knowl-
edge of genomic factors impacting Latinas with breast cancer. The main aims of the project were to
1) define genetic risk factors, such as variants of uncertain significance (VUS) among Latinas, 2) gen-
erate refined polygenic risk scores (PRS) and engage Latinas with these elevated risks via community
education promoting risk assessment and testing, and 3) characterize targetable mutations among
Latinas with breast cancer.

The project had a number of novel achievements, including 1) identifying previously un-associated
variants in a gene called FANCM as likely responsible for a genetic risk to develop ER-negative breast
cancer in Latinas, 2) developing a PRS model with two mutations specific to Latinas and/or those
with Indigenous American ancestry, 3) implementing a hereditary cancer education and screening
program, reaching over 1300 women who completed family history screens (while a modest 102
women qualified for genetic testing and 68 sought out or already received testing, the team never-
theless demonstrated the many obstacles to obtaining a genetic screen), 4) created a data set of
734 paired patient samples of cancerous and non-cancer tissues (fumor-normal analysis) allowing for
comparison of mutations that are due to heredity versus acquired, and 5) identified differences in im-
portant genes from an ancestry-based genetic variation database, Foundation Medicine, using over
35,000 breast cancer samples.

Evaluators felt that the overall scope and quality of the work was impressive and outstanding, having
incorporated clinical information appropriately and when available. The sheer number of samples

in the study (well over 4000 patient tumors and 4000 non-cancerous controls) were quite powerful

in helping the field to understand and address the genetics of underserved populations. Given the
large number, evaluators felt that additional retrospective analysis of the geographic ancestry of
diverse Latina ethnicities within the sample provided nuance, particularly to those profiles of high
Indigenous American ancestry versus European, African, or mixed heritage.

Regarding project milestones, the evaluators felt the team made significant progress towards quite
ambitious goals that inform future work, including generating large datasets representing Latina
breast cancer genomics, VUS, and developing a PRS for each breast cancer patient.

Importantly, some milestones were delayed due to external partners and resources that were un-
available during the COVID-19 pandemic. This included Genome Wide Association Studies of 5000
samples sent to the National Cancer Institute Confluence project and the linking of genomic data to
clinical outcomes from patients at the City of Hope.

However, important milestones achieved included: 1) partial completion of classifying VUS based on
the metastatic state of a tumor (high- versus intermediate- penetrating tfumors), 2) finding variants

in several genes and trends associated with overall, ER-positive or ER-negative, breast cancer inci-
dence (such as FANCM, EGFR, and PIK3CA genes), 3) collecting a total of 2500 new Latina breast
cancer samples (in addition to those from a Peruvian study), 4) adding new mutations to the exist-
ing PRS program, with added specificity for Indigenous Latinas, 5) developing a bilingual education
program on hereditary breast cancer reaching over 1600 women via promotoras (community health
workers), 6) identifying mutations and their prevalence in the 734 paired patient samples, including
comparing to a screen of 50 commonly mutated cancer genes (PAMS0), and 7) analyzing data from
Foundation Medicine to cross-correlate ethnicity with tumor driving mutations.
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Assessment of How the Project Addressed Programmatic Goals
Improvements on patient outcomes and reducing health disparities

The project provided genetic cancer risk information to women who desired such data for them-
selves and their physicians, an important near-term aid and project goal. Over the long term, the
project also showed potential for tfreating cancers with acquired mutations or genes specific to Lati-
nas.

Application and understanding of precision medicine to address cancer health disparities

As one of the most important contributions, this project went a long way in establishing how testing
both hereditary and acquired mutations can be a pathway to eliminate health disparities. The large
number of patients and samples allowed the generation of cancer risk scores for both hereditary and
acquired mutations. The team then educated 1300 Latinas on those genetic differences and the
necessity for genetic and tumor screening.

As a proof of concept, this project contextualized how to apply precision medicine approaches and
public datasets to cancer care and is primed for further dissemination to other communities, such

as Latina-rich regions of the country like Texas, New Mexico, and Arizona. Further, the gene FANCM,
thought to contribute to cancer risk, may provide a target for further clinical trials, especially if com-
bining conventional cancer treatments with FDA-approved therapies (such as PARP inhibitors).

The project also advances understanding of the prevalence of specific mutations and new treat-
ment approaches with larger sample numbers to investigate novel genes suitable for freatment.

Develop new precision medicine assets, capabilities, and infrastructure

The team was able to recruit a representative cohort of Latina breast cancer patients, establishing
the framework and infrastructure for further studying this subpopulation with a ‘multi-omics’ ap-
proach.

Engage patients and underrepresented researchers in clinical practice and investigation

The UCSF team established a solid educational model on how to work, educate, and engage with
Latinas on breast cancer risk and the necessity for screening. Similarly, the tfeam included a signifi-
cant number of Latino/Latina investigators and staff within the promotora network and established a
unigue infrastructure to promote precision medicine in this underserved population.

Impact of the project on precision medicine in California

The expert evaluators felt that the impact and innovation of the project was outstanding. The project
went a long way in establishing best practices for the State of California, which were informed by
new and genuine partnerships with community organizations, academic, and medical partners, such
as an ongoing partnership between UC Davis and the Vision y Compromiso community organization,
and more partners at both the national and international level. Further, the training and profession-
al development opportunities were significant for the state, having built a network of 24 promotoras
and two postdoctoral scholars who ran annual gatherings and educational sessions to carry the work
past CIAPM funding.

The results are also compelling for the State of California, having found a potential clinically-relevant
cancer risk variant (FANCM), comparing inherited versus acquired cancer mutations, and finding two
mutations common in Latinas with breast cancer in a population well represented in the state.

Regarding the economic and community impacts of the program for the state, analysis of semi-struc-
tured provider interviews suggests barriers to sustainable low-cost testing and follow-up testing. Eval-
uators were interested in learning more about the overall health economic equations used, which
would likely indicate a high net economic benefit given that better diagnosis leads to better tfreat-
ment and outcomes. The large community set of 1300 Latinas who received a family screen and

the 100+ who pursued genetic risk testing also provided significant positive return for this community
through 1) learned knowledge about cancer risk, 2) ongoing dissemination of this work and knowl-
edge, and 3) the potential for improved health outcomes with appropriate genetic testing.

The project also provided certain lessons for the precision medicine field at large, including how to
obtain remote consent and recruitment amidst a global pandemic. Many of those obstacles were
overcome by the power of trusted community engagement. The project also demonstrated the

23 «



value of pooled samples and data across various sources, as well as the importance of precision
diagnosis, freatment, and unique contributions of ancestry within a diverse state population. Finally,
the project established the potential for using PRS to enhance the evaluation of genetic screening for
diverse patients as an early success of a research recruitment strategy.

Likelihood of achieving future goals and obtaining additional funding

The project is continuing to expand the analyses of the genetic samples and are expected to obtain

data in the near term, which will enhance the value of the project and further impact this subpopulo-
tion. Many of the results will likely be patient-centric and may include testing PARP inhibitors with Lati-

nas with FANCM mutation. This team has also attracted additional funding from the National Institutes
of Health.

Conclusion

Overall, the UCSF project aimed to address critical issues for Latinas with breast cancer through
genetic analyses of large data sets. The team made significant progress in determining which ge-
nefic variants may predispose Latinas to breast cancer, which ftumor mutations are more common
in Latinas, and by training promotoras to conduct outreach and education among Latina commu-
nities about hereditary breast cancer risk. Together, the UCSF team combines genetic research and
community education to improve breast cancer outcomes for Latinas. Their CIAPM-funded project
formed the basis of additional grant applications on which to build on their state-funded work.
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Reflections of real-world barriers and experiences of
Latinas with breast cancer
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interviewing Latinas with breast cancer
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Dr. Kim was featured in a community presentation at the UCSD Moores Cancer
Center entitled Behind the Science: A Cancer Research Forum
(https://bit.ly/3Nwmsza)

New Assets

Celsus Atrtificial Intelligence (Al) Model with the
potential to predict treatment efficacy in both
experimental and patient derived tumor tissues
and be deployed clinically if refined with UCSD

additional patient samples (https://bit.ly/45cKRDS)

New Master’s Program in
Precision Medicine
Therapeutics in Oncology at

Scientific Contributions
79 blood and tissue samples were used to refine the Al model

(129 manuscripts ) %
(10 presentation9

New drug candidates:

Systematically tested more than 50 individual agents and
47 drug combinations across 24 breast cancer cell lines

Takeaways

Celsus Model has potential to identify effective therapeutic combinations in TNBC
patients with more data input.

Community stakeholders report that navigating healthcare is challenging.
Promotoras are critical in recruiting community members into cancer care.
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2. Integrated Machine-Learning (Al) Platform to Inform Precision Therapy in Breast Can-
cer Patients (Celsus Project)

Lead Principal Investigators: William Kim, PhD and Pablo Tamayo, PhD
Project Period: August 15, 2019 — August 14, 2023

Research Team, Community Partners, and Collaborators

UC San Diego (UCSD) (Research Team)
Alfredo Molinolo, MD, PhD

Barbara Parker, MD (Co-Principal Investigator)
Elena Martinez, PhD

Jesse Nodora, DrPH

Oluwole Fadare, MD

Rebecca Shatsky, MD (Co-Principal Investigator)

El Centro Medical Center (Community Partner)
Ahmed Hasanet, MD

Moores Cancer Center (Community Partner)
Adam Burgoyne, MD

Jason Sicklick, MD

Rana McKay, MD

Shweta Joshi, PhD

Thomas Kipps, MD
Cancer Resource Center of the Desert (Community Partner)
Tri-City Medical Center (Community Partner)

SDSU Institute for Public Health (IPH) (Partner Institution)
Ana Alvarez Mendoza, MPH

Carrie House, PhD

Corinne McDaniels-Davidson, PhD, MPH
Humberto Parada, PhD

Ivette Lorona, MPH, MA

Kanako Sturgis, MPH

Martha Crowe, MA, MPH

Nasreen Nabizadeh, MPH

Shadeh Rassoulkhani, MPH

In Memoriam: The feam honors the memory of Bryce Olson, a friend and patient advocate, who
passed away in 2023. Bryce was a cancer patient and a tireless patient advocate who spent many
years raising awareness for the need of precision medicine approaches like the one developed as
part of this project.
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Scientific Background and Context
Advancing precision medicine cancer treatment

Precision medicine cancer treatment usually involves testing cancer cells for certain gene or protein
changes, a process known as tumor testing. With this approach, clinicians and health care provid-
ers can determine which treatments are likely to work best for an individual patient, based on the
characteristics of the specific ftumor from that patient. However, the current approach often involves
testing a few commonly identified cancer-promoting genes or proteins, which can be insufficient for
informing optimal treatment decisions. Understanding the characteristics of how individual cancer
cells respond to different therapeutic interventions is critical for advancing precision medicine can-
cer treatments.

Inequities in breast cancer outcomes in patients from Hispanic communities

Triple-Negative Breast Cancers (TNBC), which account for about 20% of breast cancers, are highly
prevalent in patients from Hispanic/Latina communities (29% more prevalent than non-Hispanic/Lati-
na Whites), representing a major health inequity in cancer diagnosis and treatment.®* Despite recent
progress in the development of new cancer medications, TNBCs remain largely untreatable. TNBC
tumors grow faster and are more likely to metastasize than other breast cancers, leading to higher
mortality rates. Additionally, Latina women with TNBC generally represent small percentages of the
available genomic database, often because of a lack of access to primary care, insufficient recruit-
ment in clinical frials, and cultural and linguistic barriers to biomedical information and healthcare
navigation.

Artificial Intelligence as a tool for precision medicine

Artificial Intelligence (Al) is a type of computer analysis that can process big datasets and run algo-
rithms, a process known as machine learning, which allows conclusions to be drawn from the data.
This approach can often find and extract hidden patterns in large datasets that, in practice, most
humans cannot discern quickly, if at all.®!

In the context of cancer, this provides a tfremendous assist fo clinicians who see many patients and
process large amounts of patient data. Many of the types of clinical applications of Al can include
remote health monitoring and data collection, recommending preventative screenings based on
risk and lifestyle, accurate diagnoses of tumor types, customizing treatment regimens and prediction
of freatment efficacy, recommending new drugs based on their genetic and environmental factors,
and assisting patients in freatment adherence.

Al is largely dependent on the parameters by which computer programs are written, as well as the
type of health data these programs have access to, which can be limited, restricted, or siloed. For
example, many electronic health records are not uniformly accessible to scientists and clinicians be-
tween institutions, and some advanced diagnostic tests may be deemed costly or untrustworthy by
clinicians or insurance for patient access, leaving gaps in the type of data Al can analyze.

Despite these barriers, Al shows promise on improving the precision application of freatment and
care using an individual's data on genomics, biomarkers, radiology and imaging, and freatment
response/outcomes. When this health data is unified with external factors like genetic changes and
exposures over time, available trial therapeutics, access to technology to monitor outcomes, and
social determinants of health (like stress or access to food and housing), more precise treatments can
be applied to the right patients.

Al can save time and resources by preemptively determining patients who should be recommend-
ed for drug trials based on their genetics. Al is also able to help identify new targets and candidate
treatments with multiple forms of data, reducing the use of costly or ineffective therapies, while
performing cost/benefit analysis on the use of invasive therapies, or identifying the factors that can
cause disease or affect health outcomes.

30 Martinez, M.E., Gomez, S.L., Tao, L. et al. Contribution of clinical and socioeconomic factors to differ-
ences in breast cancer subtype and mortality between Hispanic and non-Hispanic white women. Breast Can-
cer Res Treat 166, 185-193 (2017).

31 Liao, J., Li, X., Gan, Y., Han, S., Rong, P., Wang, W., ... & Zhou, L. (2023). Artificial intelligence assists preci-
sion medicine in cancer treatment. Frontiers in oncology, 12, 998222.
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Project inspiration and goal

The team named the project “Celsus” in recognition of Aulus Cornelius Celsus, an early trailblazer

of cancer medicine in the 1st century A.D. who described four stages of breast cancer and distin-
guished superficial tumors from those arising in internal organs. An advocate for surgical therapy, he
also compiled a comprehensive catalog of tfreatments and their properties while explaining their
proper use in patients.®

The goal of this project was to create a powerful, flexible and fully-integrated Al platform for explor-
ing new therapeutic opportunities and precision medicine capabilities for TNBC patients from His-
panic communities. To achieve this, the team conceptualized and developed a prototype Al model
that infegrates data across modalities and databases, summarizes data, and provides predictions of
individual patient response to candidate therapies.

32 Greive, J. A Cornelius Celsus of Medicine. (Lightning Source Incorporated, 2010).
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Project Summary

The goal of the Celsus Project, led by Drs. William Kim and Pablo Tamayo at UC San Diego, was to
build an effective precision medicine system to identify treatments and medications for patients with
TNBC, which are highly prevalent among Latina women. To do this, the team utilized genomic data
from tumors and an Al model to predict how effective treatments are in freating TNBC, based on
different genetic markers in their tumors. The team had the following objectives:

(1) The UCSD team expanded on their previous methodology to identify key tumor and cellular
states to build a predictive, prototype Al model based on publicly available data from The
Cancer Genome Atlas * (representing over 10,010 tumor samples from 30 cancer types from
the National Institutes of Health). The Celsus Al model provides predictions for the most and
least effective therapeutic options based on the state of the tumor and other cellular and
genetic tumor characteristics. Additionally, the model predicts the potential efficacy of drug
combinations and assesses which tumors or patients are likely patients to respond to a given
treatment across many samples.

(2) To identify novel therapeutic candidates for TNBC, the UCSD team selected 50 individual drugs
based on predictions from their Celsus Al model and tested these drugs individually and in
combinations across TNBC cell samples and patient-derived organoids (a collection of fumor
cells derived from TNBC patients and grown 3-Dimensionally).

(3) In collaboration with community partner El Centro Medical Center, an acute-care center
providing healthcare needs to the Imperial Valley, the UCSD team began and continues to
collect TNBC samples from patients to refine their Celsus Al model and eventually execute a
precision medicine treatment.

(4) In collaboration with the community partner, Moores Cancer Center, and San Diego State
University, the UCSD team hosted meetings with researchers, community clinicians, community
outreach collaborators, and industry collaborators to engage stakeholders in study design, im-
plementation, interpretation, and dissemination of the study. The UCSD team also interviewed
participants and stakeholders to generate a report on the lived experiences of Latina women
living with breast cancer, which will be translated to Spanish and disseminated to the commu-
nity.

33 National Cancer Institute: The Cancer Genome Atlas Program.
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Project Achievements

Project Celsus made great strides in developing and advancing a precision medicine-based Al ap-
proach that can be used to predict treatment response based on tumor characteristics from individ-
ual patients. To address a critical need in cancer research and treatment, as well as health inequities,
the UCSD team is refining their prototype model for Al-recommended freatments of TNBC, a type of
cancer common in Latina communities, where the conventional standard of care for most patients is
still invasive treatments (such as surgery or chemotherapy).

Cancer States and Immune Archetypes (CSIA) framework model development

The UCSD team used publicly available datasets, such as The Cancer Genome Atlas Program, Can-
cer Dependency Map, and the Cancer Target Discovery and Development Network, to develop
and refine their Cancer States and Immune Archetypes (CSIA) framework. The prototype Celsus Al
model builds upon prior models developed by the team. By categorizing different types of cancers
by their genomic (across the entire genome) characteristics, the UCSD team compared common
mutations and genetic patterns in over 30 types of cancer to find the most common breast cancer
hallmarks. The intention of this model is to provide accurate predictions about which treatment will
be the most effective for a particular tumor and ranked categorizations of treatments that can be
easily interpreted in clinical settings. Using the Celsus model, clinicians will be able to easily identify
which treatments are predicted to be the most and least effective, based on the genomic char-
acteristics of a fumor from an individual patient. The UCSD team refined and validated their Celsus
model with TNBC tumors as a proof of concept.

Testing Triple-Negative Breast Cancer cells against various freatments

Using their prototype Celsus model, the UCSD team selected the top 50 most likely effective treat-
ments for INBC and tested these treatments in TNBC cell samples and patient-derived organoids (a
collection of tumor cells derived from TNBC patients and grown 3-Dimensionally). The UCSD team
found that the candidate drugs, when tested individually or in combination, did not cause cancer
cell death to the magnitude they expected, likely due to increased drug resistance. These findings
highlighted the need for the UCSD team to supplement the Celsus model with additional clinical
data and expand the toolkit of available TNBC cell lines and models for further validation. This fine
tuning improves the predictions of the Al model by providing the most optimal strategies to kill spe-
cific cancer cell types. The results also showed that using a ‘big data’ Al model with many samples
could draw conclusions faster on drugs before committing costly clinical resources. The Al model also
shows potential for patient impact by quickly identifying specific drug combinations that may be
effective for an individual tumor.

Along with the community partners El Centro Medical Center and Moores Cancer Center, the team
collected a total of over 70+ samples from blood and tissue from TNBC patients before and after
treatment. When the team obtains enough TNBC samples from patients before and after freatment
response, they can further refine the Celsus Al model to more accurately predict responses based on
past patient data. The UCSD team is currently examining the data for differences in tumor charac-
teristics of Latina vs. non-Latina patients with TNBC to identify specific genetic targets and potential
freatments.

Engaging community members

During the initial stages of development, the team collaborated with the Moores Cancer Center
Community Outreach and Engagement (COE) team and San Diego State University (SDSU) to orga-
nize a workshop to discuss the project and request feedback from the community. The workshop in-
cluded community clinicians and researchers fromm COE, UCSD, SDSU, Tri-City Medical Center, Cancer
Resource Center of the Desert, and Pfizer. Together, they discussed the aims of the upcoming Celsus
project and brainstormed the best way to engage the community and patients as well as how to
educate the public on concepts of precision medicine.
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In order to better understand the lived experiences of Latina women with breast cancer, researchers
at the Institute for Public Health at SDSU completed 48 interviews in San Diego and Imperial Counties
representing patients from Kaiser Permanente, UCSD, San Ysidro Health, City of Hope, Scripps Health-
care, Sharp Healthcare, Family Health Centers of San Diego, the Cancer Research Center of Imperial
County, and the Every Woman Counts program. Based on these interviews, the SDSU team prepared
a 26-page report of community feedback and study interpretation, as well as recommendations
about the specific needs of Latina breast cancer patients. Common themes of lived experiences of
Latina women with breast cancer include: 1) language barriers that interfere with effective care, 2)
mistrust in the medical system, 3) economic barriers, and 4) the need for support groups that play a
key role in education and care navigation. Thus, the project helped to identify barriers to effective
care.

The report has been professionally formatted and is being translated into Spanish, allowing for addi-
fional community dissemination.

Economic impact analysis

The team constructed a microsimulation model to evaluate outcomes among a hypothetical cohort
of Latina and non-Latina patients with newly diagnosed breast cancer to help understand economic
impacts of patients receiving either precision oncology care or standard care. The model simulated
the clinical course of patients from diagnosis, incorporating cost data, drug toxicity and side effects,
quality of life, disease progression, and survival. This model is currently being validated, but initial
findings suggest that health costs do not depend on patient ethnicity. Future plans will incorporate
other social determinants of health into the microsimulation model to help better understand how a
patient’s education, employment, and access to care influence the cost of care.

Challenges facing the team

The team faced several challenges during the funding period. As the funding period overlapped
with the onset of the COVID-19 pandemic, the tfeam faced challenges in staff turnover and the
consenting and sample collections process. Additionally, technical challenges included the lack of
adequate technologies in the clinical setting, data generation and collection, storage and man-
agement, data standardization, data ownership, privacy, and security. Organizational challenges
included cost, ethics, infrastructure, implementation, and regulatory and system validation challeng-
es. Additionally, the team posited that technological innovations in Al can quickly outpace laws and
regulations, suggesting that organizations who aim to integrate precision medicine into their health-
care systems must find a way of overcoming an array of technological, organizational, ethical, and
legal challenges.

The UCSD CIAPM project served as an invaluable opportunity for the project team, as basic research-
ers, to interact with community oncologists to learn about their challenges and needs. Community
physicians shared enthusiasm for prioritizing patients’ well-being and willingness to seek out the most
innovative and effective treatments. Prior to CIAPM funding, community physicians were historically
under-resourced and despite their needs, could not always take advantage of the latest research
findings in the larger oncology field. The physicians and community clinics also were often un-
der-staffed because of clinical commitments or could not always afford to attend meetings. Finally,
the hospital system that physicians were part of lacked infrastructure to work with academic hospi-
tals; CIAPM’s funding provided an opportunity to bridge this gap and help build the infrastructure for
this multi-stakeholder project.

Training and education

The Celsus project supported eleven trainees across the career spectrum, including undergraduate,
Master’s, doctoral students, and postdoctoral fellows in the fields of cancer, computational, and
experimental biology, genomics, precision oncology, and pharmacology. Additionally, the team is
developing a new course, entitled “Analytical Approaches to Precision Medicine in Cancer: Dataq,
Models and Paradigms,” for a new Masters in Precision Medicine program.

Collaborations and partnerships

The Celsus tfeam formed new partnerships in the development and implementation of their project.
Community partners El Centro Medical Center and Moores Cancer Center supported the team in

community engagement and data analysis. Additional community partners Tri-City Medical Center
and Cancer Resource Center of the Desert supported engagement of community patients and ad-
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vised the Celsus tfeam on how to educate patients on the concepts of precision medicine in a com-
munity-friendly way, including language accessibility for patient populations. Additionally, the SDSU
Institute for Public Health has been central in community engagement activities as well as providing
support for the community report. The team also formed collaborations with other researchers at
UCSD, SDSU, and the Salk Institute.

Future research and funding

The UCSD team obtained funding from the NIH for the methodology that led to the development

of the Celsus model prior to and during the project period (2017-2023, $5 million). The UCSD teamis
committed to further developing and deploying their Celsus model beyond this CIAPM-funded proj-
ect and continues to submit grant proposals to further develop the model in the context of different
cancer types, such as liver and prostate cancers. In order to fully test the accuracy of the model, the
team is planning on collecting more clinical data and integrating actual patient responses to their
model to provide the most accurate predictions. The team is refining the output of the Celsus model
to streamline interpretation by clinicians and biologists for smooth integration into research and clini-
cal settings. Additionally, the UCSD team is collaborating with SDSU to study the role of ‘obesogens,’
chemicals that disrupt biological processes and contribute to negative health outcomes, in aggres-
sive TNBC in Hispanic women.

The Celsus team is further evaluating the economic impact of the precision medicine freatments
suggested by the algorithm, specifically focusing on the overall cost to patients, payers, and society
using computer simulations.

Advantage of CIAPM'’s funding opportunity

The project team noted that this CIAPM project has served as a one-of-a-kind opportunity to bring
together a large number of investigators (including 11 trainees), clinicians, cancer patients and
survivors, and others, across various disciplines, institutions, and backgrounds. The common goal

of addressing persistent cancer disparities within local communities left a lasting training impact in
the biomedical field and demonstrates the power of multiple stakeholders in the precision medi-
cine pipeline. CIAPM’s approach to support precision medicine projects in a problem-centric way
allowed the team to explore and identify a number of real-life research challenges that could not
have been anticipated, thus feaching academic researchers about effective community engage-
ment strategies.

The project team now appreciates the enormous complexities underlying cancer as a disease and
the major challenges in developing an effective and practical precision medicine system. While
realization of such complexities can be discouraging and appear to thwart immediate progress,
projects like those supported by CIAPM allow the team to revisit and re-assess established scientific
knowledge and generate novel paradigms to tackle this terrible disease. CIAPM support uniquely
made possible the collection of data, lessons, computer resources, and collaboration paradigms
generated from these investigations. This support will bring the field closer to realizing the potential of
precision cancer medicine and advancing health equity in underrepresented patients, progressing
the process of matching tumors and therapeutic interventions overall.

Expert Evaluation

By Dr. Rulla Tamimi and Dr. Elizabeth Cohn

The main goal of this project was to build an Al platform that predicts potential treatments for pa-
tients with TNBC, which is more common in Hispanic communities, based on different genetic markers
in patient tumors.

The evaluators felt that, overall, the UCSD-CELSUS project was ambitious, made significant contribu-
tions in innovation and discovery, and the progress toward their goals was exceptional. Given that
the program took place during the COVID-19 pandemic, which led to pauses in consent and sample
collection, the evaluators felt that some of the incomplete milestones were reasonable and required
more fime to complete post-CIAPM support.

Significant achievements of this project included: 1) the successful development of the Celsus Al
platform with multiple functions, 2) creating nine 3-Dimensional (3D) TNBC tumor cell models from
12 TNBC tumor samples, 3) conducting more than 50 single agent drug screens and 47 drug combi-
nations of lead treatment candidates and cancer cells based on different states of cancer, and 4)
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extensive work engaging and understanding breast cancer community needs, including moderate
success at recruiting and enrolling larger numbers of Hispanic TNBC patients.

Given the regulatory delays and building an infrastructure from initial inception, the evaluators felt
the project significantly advanced the field, such as, remote consenting of trial participation, building
a sophisticated Al model, and developing a guide on how to overcome barriers in the healthcare
space for minoritized communities.

Evaluators also felt that the project partnership with El Centro Medical Center and Moores Cancer
Center, and their co-authored community report, informed how to address barriers to freatment in
Southern California Hispanic communities, and how to expand, intervene, and increase accessi-
bility to precision medicine options. The interviews were conducted to understand the care Latina
breast cancer patients receive and provided useful information highlighting several barriers to the
accessibility of precision medicine to all, particularly highlighting greater barriers within the Hispanic/
Latino community. However, the community report could be strengthened by conducting a litera-
ture review that focuses on the details of the methodology used for qualitative analysis and drawing
conclusions.

In addition, the evaluators felt that while studying the economic burden of cancer care by ethnicity
is an important question that complements the project, the team should consider additional factors
that can affect economic burden beyond ethnicity. The community report highlights financial con-
cerns related to insurance coverage and concerns related to being able to take time off from work
and financial anxiety, all potential areas for economic analyses to focus on.

Overall, the team made significant contributions in innovation and discovery, and the progress to-
ward their goals was exceptional. Given the overall impacts both fromm COVID-19 and the need to
build an infrastructure from the ground up, the evaluators felt that this project achieved a great deal,
was innovative, and would benefit from more time and support to meet the goals set out by CIAPM
and the State of California. The study identified key areas for future work to achieve equity goals and
performed an impressive amount of foundational setup to continue the program.

Assessment of How the Project Addressed Programmatic Goals
Improvements on patient outcomes and reducing health disparities

Given the long-term work necessary to build the Celsus model, datasets, and trusting community
partnerships, the evaluators felt that the most tangible short-term outcomes for reducing health dis-
parities lie in the new collaborations and coadlitions that were successful in laying the framework for
patient recruitment from minoritized communities. Through improving patient education and pre-
vention, diagnoses, and treatment via a consolidated precision medicine pipeline from the Celsus
model, database building, and healthcare partner collaborations, the project is well-positioned to
improve patient outcomes and address health disparities in the long-term.

Application and understanding of precision medicine to address cancer health disparities

The evaluators felt that the project effectively brought together several stakeholders in the preci-
sion medicine space that were crucial to the application of equitable precision medicine. The team
learned from and worked with the community to develop trust, which will allow them to design new
interventions that meet the needs of Latina TNBC patient communities and move this type of work
forward in the future.

Develop tools, data, and genomics data to use in prevention, diagnosis, and treatment

The Celsus team incorporated ‘multi-omic’ data from both genomic tumor samples and public-
ly available data, such as from The Cancer Genome Atlas Program from the National Institutes of
Health, to develop the Celsus Al model that predicts effective freatments for a particular tumor.

Develop new precision medicine assets, capabilities, and infrastructure

The main precision medicine asset developed was the Celsus Al model. The tfeam also partnered with
the SDSU Institute for Public Health to develop a publicly available community report based on per-
spectives from 48 Latina TNBC patients and their advocates from San Diego and Imperial Counties.
The English and upcoming Spanish bilingual report qualitatively summarizes community feedback of
the project, study interpretation from the participants, and expert recommendations for healthcare
access. The report found that TNBC diagnosis is particularly overwhelming for those with low English
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proficiency and health literacy.
Engage patients in research and clinical practice

The evaluators felt that the project had a strong patient advocacy focus, which included conduct-
ing the community interviews with Spanish-speaking communities to better understand the patient
and community perspectives from Latina TNBC patients and their advocates.

Engage researchers and collaborators from underrepresented backgrounds

The UCSD-CELSUS team partnered with the El Centro Regional Medical Center, an acute-care
center providing healthcare needs to the Imperial Valley, a historically dense Hispanic/Latino and
Spanish-speaking population. This partnership established a streamlined Internal Review Board (IRB)
process for all patient trials in concert with the UCSD Moores Cancer Center and their Biorepository.
Several of the research investigators were individuals who were underrepresented in the biomedical
workforce. The program also employed a heavy diversity component in their traineeship, including
engaging junior faculty, high school, and summer college research interns, many of whom are under-
represented in the biomedical community.

Impact of the project on precision medicine in California

The evaluators anticipate that this project will have a positive and extended impact for precision
medicine, including identifying several barriers to clinical and translational research that, while not
unique or novel to California, are very well present within the state.

Conclusion

Overall, Project Celsus built a prototype Al platform that predicts potential freatments for cancer
patients based on the genetic characteristics of their individual tumor. The team made great strides
in refining their prototype Al platform to demonstrate a use case for patients with TNBC, which is
largely untreatable and more common in Latina communities. The team also interviewed patients
and stakeholders to generate a report on the lived experiences of Latina women living with breast
cancer. The team is collecting more clinical data and integrating actual patient responses to provide
the most accurate predictions, with the goal of deploying their Al model for clinical use and smooth
infegration into research and clinical settings.
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Takeaways

1 A CHW education and intervention model improved cancer care in Latinx
communities within Monterey County.

2 The CHW model is scalable to delivering culturally-sensitive precision medicine
interventions to underserved communities.

3 Suggested modifications to enhance the delivery of precision cancer care in the future:
1) expand the inclusion criteria for patients and methods of delivering care,
2) integrate activities in Spanish in collaboration with the CBOs for those with low-literacy levels, and
3) ensure that the goals of the care reflect the patient’s and community’s priorities.
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Scientific Background and Context
Inequities in clinical outcomes among Hispanic/Latino cancer patients

Despite advances in cancer diagnosis and treatment, cancer remains a top cause of death among
Hispanic/Latino populations.®* These inequities can be attributed to institutional barriers, such as de-
lays in diagnoses (and therefore tfreatment) and under-representation in clinical trials, which are even
greater among low-income Hispanic/Latino populations.?>3 |[dentifying the factors that contribute

to these cancer inequities is necessary to develop effective and appropriate interventions. A qual-
itative study on barriers encountered by low-income Hispanic/Latino cancer patients revealed the
prevalence of low health and healthcare literacy and language barriers, and their adverse effects
on these patients’ clinical outcomes and experiences.¥” Health literacy is critical for caregivers and
patients who receive cancer diagnoses to mutually understand the prognosis, freatment options,
and anticipated changes in quality of life. Language barriers can be detrimental as well; without the
assistance of bilingual and bicultural personnel, patients may be unable to fully participate in freat-
ment discussions, support groups, and clinical research.

A community health worker (CHW)-based intervention

Receiving basic education in precision medicine concepts, such as genetic testing and targeted
therapies, can increase patients’ research participation and engagement in tfreatment discussions,
ultimately leading to improved patient outcomes.?”* Therefore, it is important fo ensure that patients
can learn and discuss complex precision medicine concepts regardless of cultural backgrounds,
socioeconomic status, and proficiency in English.

This project explores the role of precision medicine literacy in improving patient outcomes for His-
panic/Latino primary care and cancer patients by centering community health workers (CHWs, also
known as promotoras) as an intervention. CHWs are frained, nonclinical community members that
facilitate access to, and navigation of, healthcare services and education for diverse and minori-
tized patient populations. CHW involvement has demonstrably improved cancer care screening and
treatment adherence, as well as the patient’s motivation and ability to seek care (patient activation)
and improve their quality of life.® Preliminary data suggests that CHWs can effectively encourage
patients to discuss advance care planning and symptom burden with their cancer care teams.

Project goal

The goal of this project was to integrate CHWs into primary care and cancer care delivery to address
existing inequities in cancer diagnosis, freatment, and outcomes for Latinx patients (Note: The project
team used the term Latinx). The tfeam also aimed to educate and embed CHWs into clinical practice
to increase patient knowledge of precision medicine cancer care.

34 Health of Hispanic or Latino population (2021) CDC Web site. Updated 2021.

35 Wojcik GL, Graff M, Nishimura KK, et al (2019) Genetic analyses of diverse populations improves discov-
ery for complex traits. Nature (London) 570(7762):514-518.

36 Miller KD, Goding Sauer A, Ortiz AP, et al (2018). Cancer statistics for Hispanics/Latinos, 2018. CA: Can-
cer J Clin 68(6):425445.

37 Rodriguez GM, Leach M, Osorio J, Villicana G, Koontz Z, Wood EH, Duron Y, O'Brien D, Rosas LG, Patel
MI. Exploring cancer care needs for Latinx adults: a qualitative evaluation. Support Care Cancer. 2022 Dec
22;31(1):76. doi: 10.1007/500520-022-07518-0.

38 Patel MI, Kapphahn K, Wood E, Coker T, Salava D, Riley A, Krajcinovic I. Effect of a Community Health
Worker-Led Intervention Among Low-Income and Minoritized Patients With Cancer: A Randomized Clinical
Trial. J Clin Oncol. 2024 Feb 10;42(5):518-528. doi: 10.1200/JC0O.23.00309. Epub 2023 Aug 25.; 42(12):1457. doi:

10.1200/JC0O.24.00286.
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Project Summary

The goal of the Addressing Latinx CANcer Care Equity (ALCANCE) Project led by Dr. Manali Patel at
Stanford University was to apply a precision medicine approach to address cancer care inequity in
Monterey County. Through a community engagement approach, they enlisted community mem-
bers and incorporated an innovative CHW model in collaboration with a Federally Qualified Health
Center and a cancer care clinic in Salinas Valley and Monterey County. The Stanford team accom-
plished this through four objectives:

(1)

(2)

(3)

(4)

39

The Stanford team formed a 40-member community advisory board (CAB), comprised of
professionals, patients, and advocates across the spectrum of cancer care, and met quarterly
in-person and remotely on Zoom during the COVID-19 pandemic. During CAB meetings, the
Stanford team presented early study results for each clinic site and CHWs presented anecdoft-
al highlights of intervention impacts. The CAB discussed feedback on challenges faced during
the study, as well as planned and sustained project activities and integration of the project
into standard care.

In preparation for two CHW-facilitated interventions, the Stanford team developed a training
curriculum on cancer screening, prevention, and precision medicine cancer care. Nine CHWs
in Monterey County were trained and then educated patients about precision cancer care.
The team also developed English and Spanish language education resources for patients. Re-
markably, during the onset of the COVID-19 pandemic, the team pivoted to contributing CHW
services to support testing and vaccination events in the Monterey County community, while
also providing precision cancer education.

The Stanford team implemented a CHW-facilitated Screening and Prevention intervention to
assess intervention viability and participants’ knowledge on the potential benefits of genetic
testing for cancer-related risk genes through a personal and family history cancer screening

in a primary care setting. CHWs attended over 60 outreach events, enrolling 158 Latinx initial
participants and speaking to over 570 individuals about cancer and enrollment in the Screen-
ing and Prevention study.

To assess the effectiveness of the CHW-facilitated Diagnosis and Beyond intervention following
a patient cancer diagnosis, the Stanford team launched a randomized controlled trial and
enrolled 110 Latinx participants with cancer (from 1390 who were screened for eligibility). A to-
tal of 57 participants were randomly assigned to the intervention group (which involved usual
care, CHW support, and education on precision medicine for cancer care) while 53 partici-
pants were assigned to the usual care control group (no CHW support or additional informa-
tion on precision medicine for cancer care). Each participant completed a baseline survey

at the time of enrollment, with follow-up surveys occurring at 3-, 6-, and 12-months post-enroll-
ment. Surveys evaluated the primary outcome, knowledge of precision medicine, as well as
secondary outcomes including satisfaction with care and care decisions, aligning and docu-
menting goals of care, patient motivation and activation, quality of life, and healthcare utiliza-
tion and cost.¥

The two CHW-facilitated interventions were developed in collaboration with the sites at which
they were delivered, Screening and Prevention at Clinica de Salud del Valle de Salinas (CSVS)
and Diagnosis and Beyond at Pacific Cancer Care (PCC).

A preliminary financial impact analysis showed that patients in the Diagnosis and Beyond
intervention were five times less likely to be hospitalized, and three times less likely fo have an
emergency room visit than those in the usual care group; with savings for each patient roughly
$35,000 and saving private insurers roughly $2.13 million (for the entire intervention group) in
unnecessary acute medical care.

Rodriguez GM, Wood EH, Xiao L, Duron Y, O'Brien D, Koontz Z, Rosas LG, Patel Ml. Community health

workers and precision medicine: A randomized confrolled trial. Contemp Clin Trials. 2022 Oct;121:106906. doi:
10.1016/j.cct.2022.106906. Epub 2022 Sep 6.
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Project Achievements

Throughout the course of the ALCANCE project, the newly created CAB supported the focus of the
research by providing guidance and advice on how to make precision medicine knowledge and
care available to the whole community. With this community-led direction, the team developed ed-
ucational materials to aid CHWSs in improving outcomes for cancer tfreatment and screening in Latinx
communities.

Capacity building for clinics and CHWs

Through this project, the team established the first CHW roles at CSVS and PCC clinics through the de-
velopment of job descriptions and filling CHW positions primarily through word-of-mouth in the com-
munity. Both CSVS and PCC were unfamiliar with the role of CHWs at first, but after six months, CHWs
became an integral part of the medical team, with five CHWs at CSVS in the primary care setting
and four CHWs at PCC in the cancer clinic setting. The team trained CHWSs through a mix of live and
recorded frainings and self-paced online courses. CHWs also provided feedback during onboarding/
training, which the team incorporated into training materials. The team also incorporated CHW feed-
back during completion of the project, which the team incorporated into the training materials and
help identify barriers and opportunities for sustainability. CHWs learned about genetic testing and
counseling, financial assistance options for genetic testing, and how and what types of testing panels
are ordered by the clinic. These trainings left a lasting footprint of trained health professionals in the
community, in that CHWs developed additional subject matter expertise and improved their capaci-
ty for care navigation for patients.

The ALCANCE team interviewed patients to identify barriers to accessing routine cancer treatment
and screenings; barriers included language, low cancer-health literacy, stress and anxiety due to
insurance, and potential costs. The team also found a need for supportive bilingual and bicultural
personnel to assist in overcoming barriers to cancer treatment and informing academic researchers
of obstacles that prevent patients from accessing routine patient care and participating in clinical
frials. Despite those obstacles, CHWs built relationships with patients, attuned to patient schedules by
calling on evenings and weekend, and learned cancer-specific terminology to better explain freat-
ments and options to patients and reduce the likelihood for participant withdrawal. CHWs attended
and provided patient interpretation, translation, and support at pre-genetic testing counseling visits
while also assisting with sample collection.

The ALCANCE team also made recommendations for effective researcher-community engagement
and partnership, including ensuring appropriate staff resources are provided such as project manag-
ers, documentation of partnership agreements, researchers assisting community-based organizations
(CBOs) with administrative tasks, working groups to divide the research, community partners dissem-
inating CHW job openings, and ensuring trainings are recorded and departments involved in the
project have their tasks mapped out. CHWs from CSVS also presented their project experiences as
course material to medical students at Stanford University in November 2021. Through this, the team
was able to identify barriers to effective care and defined effective research recruitment strategies
that are now available for future community and researcher dissemination.

Improvement of patient outcomes

In the short-term, the ALCANCE team helped 153 women at CSVS receive a personal and family
history screen to assess potential benefits of genetic testing and identify women for screenings of
cancer-related genes in the Screening and Prevention intervention. Importantly, without the CHW
intervention, many patients in this study would have never learned about their genetic risk for cancer
or even considered and/or received genetic testing for cancer risk-related genes. Before the Screen-
ing and Prevention intervention, there was no usual care pathway for patients to learn about or re-
ceive genetic testing with their primary care providers at CSVS. Only two providers out of a total of 27
reported ordering genetic testing for high-risk patients as part of usual practice prior to the ALCANCE
Project.

One hundred and ten patients with a cancer diagnosis enrolled in the Diagnosis and Beyond study

at PCC. The fifty-seven patients receiving community health worker support in the intervention group
became more engaged in their care, showed an increase in knowledge of precision medicine, and
obtained evidence-based cancer care, including targeted therapeutics and recommended tumor
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testing. The CHW-facilitated intervention group patients were nearly 3 times as likely to receive guide-
line recommended tumor testing compared to the control group.

Fifty-one participants in the intervention group completed tumor testing (89%) compared to seven
participants (13%) in the control group. The team'’s findings also suggested the following modifications
to the intervention to enhance the delivery of precision cancer care in the future: 1) expand the in-
clusion criteria for patients and methods of delivering care, 2) integrate activities in Spanish in collab-
oratfion with CBOs for those community members with low-literacy levels, and 3) ensure that the goals
of the care reflect the patient’s and community’s priorities.*

Ultimately, by consolidating patients into the intervention workflow, patients were aware of tu-
mor-specific freatments with potentially fewer side-effects than the guideline-based chemotherapy
standards. Importantly, the team demonstrated a method for implementing and paying for precision
cancer care, where there are very few health-industry standards or workflows for implementing evi-
dence-based therapeutics, care, or payment structures.

The ALCANCE project is improving patient outcomes through a sustainable and scalable CHW model
by providing support to all patients as part of usual care. The ALCANCE project reduced delays from
the time of diagnosis to freatment from a county-wide average of 82.7 days to 42.5 days.

Community outreach and connections during COVID-19

Because the first year of the ALCANCE project coincided with the onset of the COVID-19 pandemic
in 2020, the team pivoted to contributing CHW services to support COVID-19 testing and vaccine
events hosted by CSVS in the Monterey County community. CHWs were trained about the transmis-
sion and prevention of COVID-19 and attended a total of 21 COVID-19 testing events in eight differ-
ent cities. At these events, CHWs subsequently and opportunely provided health education about
cancer screening and distributed 2,500 flyers about the importance of early cancer screenings and
information about the ALCANCE study.

Along with collaborators, the research team created resources and infographics in both Spanish and
English for patients about different types of cancers, screening options, and resources. The research
team is preparing a plain language one-pager with key takeaways about each study that will be
provided to the CAB to share with their networks. Additionally, the research team developed a web-
based toolkit publicly available to share resources developed through the study, leaving a lasting
footprint of educational, financial, genetic, tfransportation, food, housing, legal, home care, mental
health, and care planning services and how to access them.

Preliminary economic impact analysis

Further preliminary financial analyses were performed for acute care, with longer-term cost efficacy
studies still pending. For the patients who received the Diagnosis and Beyond CHW intervention, less
than one-quarter (24%) of participants used the emergency room (ER) at any point, versus nearly
two-thirds of patients (62%) who sought ER care in the usual care group.

Further, less than one-in-five (18%) participants in the intervention group were hospitalized for any
extent of time versus two-thirds of patients (62%) in the usual care group.

Patients in the intervention group were five times less likely to be hospitalized (0.34 vs. 1.75 hospitaliza-
tions per patient), and three times less likely to visit the ER (0.65 vs. 1.9 ER visits per patient) than pa-
tients in the usual care group.

Using 2018 monetary values, median list costs for patients in Monterey County ranged about $1,127
for emergency room visits, and $22,100 for extended hospitalizations. This equates to a roughly
$35,000 savings per patient (when combining all care visits, on average), or roughly $2.13 million for
the entire intervention group (of 57 patients) in costs averted from private insurers for unnecessary
acute care. The patient navigation and advance care planning provided in the intervention group
may have contributed to those averted acute care costs. Thus, the team was able to define a
streamlined pipeline process for effective care by identifying a reimbursement scheme that success-
fully reduced hospital and ER visits, in part via the use of culturally-appropriate health navigators.

40 Wood EH, Leach M, Villicana G, Goldman Rosas L, Duron Y, O'Brien DG, Koontz Z, Patel MI. A Com-
munity-Engaged Process for Adapting a Proven Community Health Worker Model to Integrate Precision Can-
cer Care Delivery for Low-income Latinx Adults With Cancer. Health Promot Pract. 2023 May;24(3):491-501.
doi:10.1177/15248399221096415. Epub 2022 Jun 4
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N Sustainability and scalability of the ALCANCE project

During the course of this project, PCC began biling CHW services to Medi-Cal for reimbursement,
enhancing the financial sustainability of the CHW model. As a result of this project and Medi-Cal
reimbursement, PCC providers can now refer any patient for CHW services as part of usual care, and
at present, CHWs are serving about 200 cancer patients. As such, the tfeam was able to successfully
develop and implement a streamlined pipeline to cancer care by reducing the time to correct diag-
nosis and demonstrated early success in care implementation.

Additionally, the ALCANCE team is expanding implementation of their CHW model to the San Joao-
quin Valley and identifying opportunities to improve evidence-based care delivery in close collabo-
ration with a new local CAB. The ALCANCE project has demonstrated that implementation of their
CHW approach for improved cancer care can be sustainable and effective, providing a model for
other counties and states to successfully implement CHWSs in primary and specialty care to reduce
health inequities.

Challenges facing the team

The ALCANCE team faced several challenges during the project. The COVID-19 pandemic led to

a complete halt in non-essential research activities and work had to be delayed due to an inabili-

ty to visit community clinic sites at CSVS or PCC during the early period of the pandemic. The team
demonstrated flexibility in transitioning to a remote and hybrid delivery model to continue the study
and pivoted to existing COVID-19 testing and vaccination sites to reach the community. Additionally,
the timeline for IRB approval was a logistical challenge for the team and took longer than anticipat-
ed. Institutional barriers delayed the finalization of subawards for community partners and the team
experienced initial challenges in hiring CHWs that were overcome by word-of-mouth. The team also
experienced delays in CHWs' integration in the primary care pipeline at the clinics, and experienced
issues in establishing a standard protocol to escalate the capacity for genetic testing at clinical sites.

Training and education

The ALCANCE project supported 11 trainees across the career span from undergraduate frainees
through career researchers. Several trainees achieved significant milestones in their careers, includ-
ing a Stanford University Internal Medicine Residency, an Assistant Professorship in Hematology and
Oncology at Northwestern University, and a Chief Residency in Pediatrics at Boston Medical Center.
Additionally, the ALCANCE team hired and trained nine CHWs. All of these CHWs remain involved in
community health, and many are advancing their career through higher education, such as gradu-
ate school for physical therapy or for a master’s in public health. The ALCANCE team provided many
professional enhancement opportunities for staff and community partners, including conference
aftendance, authorship opportunities for staff at all levels, shadowing opportunities, and specialized
training. The team also presented the project’s accomplishments at community clinics and events
and hosted provider trainings for clinicians as well.

Collaborations and partnerships

The ALCANCE project led to partnerships with the Latino Cancer Institute, the Cancer Patients Alli-
ance, CSVS and PCC. The Latino Cancer Institute was responsible for forming and running the CAB,
produced a newsletter quarterly with project updates, and leveraged their network to assist with
hiring and training CHWs. The Cancer Patient’s Alliance enabled the creation of the CHW role at
PCC, guided the preparation of job descriptions, scope of practice, hiring, and training of all CHWs
serving at PCC and CSVS, and advised on the IRB process. PCC and CSVS each served as study sites
and provided significant support from senior leadership that facilitated project initiation, including
the hiring of the CHW roles as part of the project. Leadership from each site participated in monthly
research meetings with the full feam, in addition to CAB board meetings. Notably, the partnership
with CSVS was new and members of the ALCANCE team will contfinue this partnership for future stud-
ies. The ALCANCE team also formed connections with the Food Bank of Monterey and the Monterey
County Department of Public Health.

Future funding and research

The ALCANCE project secured additional external funding to confinue and expand upon its current
CIAPM-supported research on reducing cancer health disparities in Monterey County. To explore

food insecurity and test a medically-tailored supplemental nutritional program for patients with can-
cer and their families, the team received $46,000 from the Stanford Cancer Center Innovation Fund.
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Through this work, the ALCANCE team is providing six months of supplemental nutrition assistance to
30 patients and their families through a voucher card for fresh fruits and vegetables. The ALCANCE
team was awarded $300,000 from the American Cancer Society Navigation Capacity-Building Ini-
tiative Grant Program to continue and expand CHW activities at PCC. The ALCANCE team, in col-
laboration with the Veterans Affairs (VA) Palo Alto Health Care System, also received $100,000 from
the LUNGevity Foundation to further the implementation of a similar CHW-led approach among 40
Veterans in the VA Palo Alto Health Care System. Currently, the team has plans to implement the use
of digital technology, including patient-centered and community co-designed video,s to improve
patient understanding of precision medicine. Thus, the team was able to successfully implement a
multistakeholder framework that was key in attracting further funding of this work.

Advantage of CIAPM'’s funding opportunity

CIAPM’s focus on underrepresented populations is a unique opportunity to leverage precision med-
icine research that improves clinical outcomes for communifies with cancer and differs from can-
cer-related precision medicine grant programs from other funders. Additionally, CIAPM’s requirement
to engage community partners leads to more effective, acceptable, and sustainable approaches
for cancer research and care.

Expert Evaluation

By Dr. Gloria Coronado and Meg Gaines

The project’s goals were to increase knowledge of precision medicine and encourage participation
of underrepresented groups in the precision care pipeline.

Given that low-income and minoritized populations often experience disproportionately high rates
of cancer incidence and mortality, often going untreated or having no access to evidence-based
care, the team sought an intervention that takes patients’ linguistic, cultural, and socioeconomic
factors into account to increase access and knowledge of precision cancer care.

The evaluators felt positively about the scientific merits and technical quality of the CHW approach
to improve access to care for low-income and minoritized populations. This includes positive review of
the novelty of the project, given that few studies have looked at the efficacy of using CHWs to deliv-
er cancer care and increase precision medicine access in minoritized communities.

Clinically, the team also rigorously screened patients at a Federally Qualified Health Center for pre-
vention, testing, and cancer diagnoses. By selectively recruiting and risk-testing patients who were
overdue for routine cancer screens, scheduling their clinical visits, offering education about cancer
screens and family/individual medical histories, CHWs were able to identify eligible candidates and
empower them to talk about and request genetic cancer tests.

The study broke patients down into control and treatment groups, where treated patients received
education on 1) precision genetic and tumor testing and targeted therapies, 2) general cancer top-
ics, 3) advanced care planning, and 4) community resources relevant to their current predicament
and social determinants of health.

The evaluators were satisfied with the completion of all milestones in the project, including the fact
that both the study and the CAB continued regular virtual meetings throughout the COVID-19 pan-
demic. The Stanford team made the most of the pandemic, by volunteering at COVID-related health
fairs and vaccination sites as a nexus to distribute general precision and cancer care information,
despite logistical pauses of the study caused by COVID-19.

The evaluators felt that the project advanced the understanding of how to embed CHWs within
communities and clinical care to educate and support medically underserved communities, empow-
ering patients to make personalized and informed decisions about cancer care.

The intervention group demonstrated improved knowledge about precision cancer medicine (nearly
two-fold improvement), and those diagnosed with cancer were three-times more likely to receive
recommended fumor testing than the control group. One evaluator noted that this finding represents
a ‘gateway to targeted therapies...and increased tumor testing’ for improved outcomes in Latinx
and other minoritized populations, demonstrating that precision medicine tools can be taught and
advocated for by patients.

The study also established a framework for how CHWs can be an integral part of the care pipeline,
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having received instruction on interactive cultural and cancer care training. The CHWSs were then
embedded in the primary care system with dedicated positions and streamlined insurance reim-
bursement.

Overall, the evaluators were impressed by the ultimate project outcome of improving precision
cancer care for the largely Latinx and low-income populations of Monterey County and felt that the
research model was applicable statewide. The Stanford team also demonstrated impact in fraining
CHWs throughout Monterey County and the eventual release of a publicly available cancer navigao-
tion toolkit (including fraining, protocols, and workflows).

Further, the evaluators felt the study could be adapted modularly depending on the goals of other
programs, in that CHWs engage with patients at distinct points in the cancer diagnosis pipeline. From
screening to genetic testing and coaching, education and care, and recruitment to clinical trials, the
study has several points of applicability to other providers and patients. The evaluators felt that the
project would largely succeed in an expanded model and anxiously anticipate the publication of
the full budget and impact assessment.

Further, evaluators felt that the research model has high potential to attract additional public or
philanthropic dollars to increase precision care access given its successes. This includes disentangling
insurance barriers to accessing care for minoritized populations and considering these barriers as part
of future research grant objectives and successful proposals.

Assessment of How the Project Addressed Programmatic Goals
Improvements on patient outcomes and reducing health disparities

The research program resulted in 153 primary care patients receiving personal and family medical
history screening and genetic testing information in the Screening and Prevention intervention. CHWs
also provided in-person interpretation services at pre-genetic counseling visits and saliva sample col-
lection, helping to ensure up-to-date screenings or re-continuity of care.

CHWs also guided 57 patients through their cancer diagnosis and care. These patients demonstrat-
ed significant increases in their knowledge about precision medicine and seeking out and receiving
advanced care, such as targeted therapeutics and molecular testing. While both control and inter-
vention patient groups had low knowledge of precision medicine at the beginning of the study, at
6-months the intervention group demonstrated increased pursuit of care and were three-times more
likely to receive tumor testing.

Ultimately, the evaluators were convinced that the CHW intervention group benefited and may be
better situated in the long-term to address and advocate for their improved cancer care or risks,
creating a permanent benefit to Monterey County and Latinx communities. They also felt confident
that significant increases in high-risk patient genetic testing would encourage integration and imple-
mentation of the model in the care continuum, allowing clinicians to be more in line with medically
recommended screening guidelines.

Application and understanding of precision medicine to address cancer health disparities

To inform the development of their interventions, the team conducted interviews with patients to
understand the specific barriers to cancer care and treatment faced at each clinic site. Key findings
from these interviews included barriers such as (1) low cancer health literacy, (2) challenges in com-
municating and receiving supportive services due to language barriers, (3) stress and anxiety regard-
ing financial hardships related to job loss, insurance barriers, and the COVID-19 pandemic, and (4)
the need for supportive, bilingual, and bicultural personnel to assist in overcoming these challenges.
The team developed tailored CHW-based interventions based on these findings.

The CHW model in this study moved the field of care forward by increasing the understanding and ef-
ficacy in freating minoritized cancer patients. CHWs helped improve the use of, or seeking of, genetic
screening with medical providers, as well as improved outreach to engage and educate community
members in precision care that they normally did not have.

As a result of the CHW efforts, patients in the care intervention group experienced a nearly two-fold
reduction in delayed diagnoses, which evaluators felt was likely to continue as CHWs permanently
infegrated into the care continuum.

Develop tools, data, and genomics data to use in prevention, diagnosis, and treatment
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The research team developed a cancer patient resource website,*' allowing Monterey County resi-
dents to find cancer care resources. The team also increased the use of genetics and genomics data
directly intfo patient cancer care via genetic testing for cancer-related risk genes and tumor testing
at each respective health care organization, as well as detailed family histories and how to discuss
test results and genetic information with clinicians.

Administratively, the team also developed CHW training curricula in cancer care, screening, preven-
tion, new job descriptions, and bilingual educational materials in English and Spanish, allowing for
larger application and scale in other counties and states.

Develop new precision medicine assets, capabilities, and infrastructure

The research team established the utility of a CAB and greatly improved on the care infrastructure,
with new collaborations between providers, insurers, and community organizations.

Academically, the team also disseminated their research findings in 18 peer-reviewed manuscripts in
high-impact journals and presented over 100 oral and poster presentations at national and internao-
tional symposia. The team also raised the profile of CHWs to recruit participants in precision medicine
inferventions by being highlighted in 15 press pieces and disseminating precision cancer care educa-
tional materials broadly.

Additionally, during the course of this project, PCC was able to begin biling CHW services to Me-
di-Cal for reimbursement, which greatly enhanced the sustainability of the CHW model. As a result of
this project and Medi-Cal reimbursement, PCC providers can now refer any patient for CHW services
as part of usual care. At present, CHWs are serving about 200 cancer patients.

Engage patients in research and clinical practice

The researchers heavily respected the level of trust that CHWs foster with patients and the commu-
nity in engaging in cancer screens, tfreatments, and the larger research and precision medicine
enterprise. Both evaluators were impressed by the ability to deliver patients into a research and care
framework via trusted messaging, including reinforcement of patient privacy and security, and 100%
participant completion of informed consent and willingness to partake in the study. Assuming that
clinicians remain committed and patient populations become engaged and value genetic testing,
the evaluators believe this research model will continue and is scalable to other clinics.

Engage researchers and collaborators from underrepresented backgrounds

From project inception, community members Ysabel Duron of The Latino Cancer Institute and Dr.
Dale O'Brien of the Cancer Patients Alliance, were engaged in the role of community Co-Inves-
tigators. Ms. Duron is both a cancer survivor and Latina who has served as a strong guiding voice
throughout the ALCANCE Project to ensure appropriate community outreach. Ms. Duron led the
CAB, and along with Drs. Goldman Rosas and Patel, was instrumental in recruiting diverse stakehold-
ers including patients, advocates, policymakers, payers, and clinicians to serve on the CAB.

The CAB was ‘the primary engine’ of the project, allowing large and diverse grassroot representation
by minoritized communities from the start of the project. This forum also served as a nexus for re-
searchers and collaborators fo gather in one space and determine project goals together. Spanning
40+ members, the group met quarterly and received evaluations from the research team on effec-
tiveness and sustainment.

The program also built fraining capacity for CHWs in the cancer screening, prevention, and edu-
cation space, requiring over 30+ hours of instruction and interactive fraining, and embedding nine
CHWs in Monterey County via the CSVS and PCC clinics. This was a crucial structural addition to the
project, given that both clinics serve a heavily Latinx population of patients and 25 states, including
California, provide cost reimbursements to CHWs for services.*? Thus, the project demonstrated that
culturally tailored curricula can go a long way in providing those services, and that a multi-stakehold-
er approach can achieve a precision medicine program.

Conclusion

Overall, the Stanford team implemented a CHW model to improve cancer care and treatment in

4] Monterey County Cancer Patient Resources.
42 State Policies for Expanding Medicaid Coverage of Community Health Worker (CHW) Services (2023).
Kaiser Family Foundation.
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Latinx communities within Monterey County. They used a community-centered research model, in
partnership with Clinica de Salud del Valle de Salinas, Pacific Cancer Care, and the Community Ad-
visory Board to develop and implement tailored CHW-based interventions for Latinx and low-income
cancer patients. This project advances the understanding of the role of CHWs in delivering precision
medicine interventions to underserved communities. The project can serve as a scalable model for
delivering culturally-tailored precision medicine to medically underserved communities and the prod-
ucts created through this program can be used by other programs across the state and nationally.
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CONCLUSIONS OF THE CANCER DISPARITIES RESEARCH PROGRAM

The CIAPM Cancer Disparities Research Program left lasting impacts in the field of precision can-

cer care in the State of California by identifying barriers to effective cancer care, defining effective
cancer care practices, and developing early successes in the implementation of novel research and
care techniques.

Collectively, the program trained over 21 trainees and 33 community health workers whose impacts
in their California communities will be long felt.

Additionally, the programs demonstrated that community health workers (or promotoras) can im-
prove the cancer care of minoritized cancer patients and modifications to the cancer care continu-
um can improve outcomes. This includes teaching and empowering patients with low-health literacy
about their familial risk to cancer and the precision tools available in healthcare.

Two of the projects demonstrated the modern capabilities of ‘big data,’ in that including more un-
derrepresented patients can refine the accuracy of genetic risk assessments and potentially cor-
relate those data with new therapeutic targets and candidate therapeutic options.

The program also provided lasting services and knowledge in the communities they served, educat-
ing nearly 2000 participants about how cancer genetics work and their individual risks and barriers to
care. The program also provided over 1400 participants in-depth family history screens and/or direct
preventative genetic testing services to over 200 patients. The program further obtained over 1700
Cadlifornia fumor samples to study and compare across national and international databases of tens-
of-thousands of tumor samples.

Further, these projects helped many of the academic-based researchers engage more intimately
with community-based research, including understanding many of the barriers behind participant re-
cruitment and structural barriers within the healthcare system. It also provided an opportunity for the
researchers to offer solutions that can improve on community engaged research from their first-hand
experiences.

Lastly, the program demonstrated that precision medicine health outcomes require a multi-stake-
holder approach, in that cancer patients benefit from an accessible and culturally-competent,
front-facing healthcare system that is directly intertwined with researchers who have capable com-
putational infrastructure to analyze patient data. This infrastructure can lead to the implementation
of precision medicine in which each patient receives the right freatment at the right time, based on
personalized preventative, diagnostic, and tfreatment strategies.
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Gloria Coronado, PhD

Professor

University of Arizona

Dr. Gloria Coronado is the Associate Director of Population Science at the University of Arizona Can-
cer Center and the Maynard Chair in Prevention Research. Dr. Coronado is an epidemiologist who
champions affordable, long-term solutions to health disparity issues. She leads a well-funded research
portfolio that inspires health system leaders to make sensible, evidence-informed choices to engage
hard-to-reach populations in life-saving preventive behaviors. Dr. Coronado’s research uses existing
health system data and population segmentation approaches to proactively deliver outreach to
patients who need it the most. Her research strives to promote health care efficiency while advanc-
ing equity. Dr. Coronado’s team specializes in applying patient-engagement strategies to develop
culturally relevant health education material. Materials developed by her team (both English- and
Spanish-language patient-facing materials) have been disseminated to hundreds of health systems
and community organizations across the United States. Dr. Coronado has developed several innova-
tive, cost-effective interventions to improve the rates of participation in cancer screening of patients
served by community health centers. Her work has led to successful partnerships with large health
plans, state institutions, and community clinics. Dr. Coronado received her PhD in epidemiology from
the University of Washington and then was a Research Associate Professor in the university’'s Depart-
ment of Epidemiology. She also received training at Stanford University.

Martha “Meg” Gaines, JD, LLM
Distinguished Clinical Professor Emerita
University of Wisconsin

Meg Gaines founded the interdisciplinary Center for Patient Partnerships at the University of Wis-
consin, served as Director for 20 years, and is currently the Director Emerita. The Center’s mission is
to disrupt dysfunctional health care by restoring people to the core of care. Professor Gaines’ work
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focuses on consumer engagement and empowerment in health care reform, health professionals’
education, and access to high quality, effective health care. She has collaborated with the Robert
Wood Johnson Foundation (RWJF), the Kaiser Family Foundation (KFF), the American Board of Inter-
nal Medicine Foundation (ABIMF), the Josiah Macy Jr Foundation, and the National Cancer Insti-
tute (NCI) among others. She currently serves on the Board of the Academy of American Medical
Colleges (AAMC) and previously on the Boards of the National Quality Forum (NQF), the Academy
on Communication in Healthcare (ACH), and the National Cancer Research Advocates of the NCI
(NCRA). She co-chaired the Josiah Macy Jr Foundation annual conference “Partnering with Patients,
Families, and Communities to Link Interprofessional Practice and Education.” Recent publications
include the National Academies of Sciences, Engineering, and Medicine's Committee report on the
Vital Directions for Health and Healthcare and Making Medicines Affordable: A National Imperative,
the Association of American Medical Colleges paper on the Charter on Organizational Profession-
alism for Healthcare Organizations as a companion to the Charter on Medical Professionalism of

the Choosing Wisely Campaign, and the American Medical Association publications on How HIPAA
Harms Care, and How to Stop It and Changing the Game of Prior Authorization: The Patient Perspec-
tive with Dr. Don Berwick, MD. She is a graduate of Vassar College (A.B.) and the University of Wiscon-
sin Law School (JD, LLM) and a “durable survivor” of metastatic ovarian cancer.

She previously served on CIAPM’s Cancer Disparities Selection Committee.

Elizabeth Gross Cohn, RN, PhD, FAAN
Vice President for Health Equity Research
Northwell Health

Dr. Elizabeth Gross Cohn is the Vice President for Health Equity Research at Northwell Health and
Professor at the Institute for Health System Science at the Feinstein Institute for Medical Research in
the Zucker School of Medicine at Hofstra University. Her research focuses on the ethical and social
issues at the intersection of precision medicine and health disparities through the engagement of
underrepresented communities, community-engaged research, and the ethical, legal, social, and
scientific issues of emerging technologies and public health. Her model for translating the lab to the
living room promotes interactions between scientists and the communities they serve. Through this
work, she has developed an interactive graphic novel, a community education program on preci-
sion medicine, and a decision tool for community faith-leaders who are advising congregants on
research participation. She is part of the leadership of the Communities of Harlem Health Revival, a
member of the New York State Health Equity Council, a Fellow in the New York Academy of Med-
icine, and she mentors investigators in community-based and community-engaged research. Dr.
Gross Cohn was named a 2016 White House Champion of Change in Precision Medicine for her work
at the intersection of precision medicine, public health, and health equity. Dr. Cohn received her
associate degree from Nassau Community College, her bachelor’'s Degree from the State University
of New York at Purchase, her master’'s degree and Nurse Practitioner training from the State University
of New York at Stony Brook, and her Doctorate from Columbia University.

She previously served on CIAPM’s Cancer Disparities Selection Committee.
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Jennifer Mack, MD, MPH
Associate Professor

Harvard University

Dr. Jennifer Mack is a Senior Physician, the Associate Chief of the Division of Population Sciences,
and an Associate Professor in Pediatrics at Harvard Medical School. As a pediatric oncologist, she
has a particular interest in cancer-related communications as a model for all difficult medical con-
versations. Her work focuses on communication about the cancer diagnosis, cancer freatment
decision-making, and the transition to palliative care, where communication can have a major
impact on the way care unfolds at the end of life. The overarching objective of her work is to build
patient-clinician relationships and improve patient outcomes through effective communication. She
has developed clinical expertise in communication through dedicated inpatient and outpatient care
of childhood cancer patients, created a body of research that defines specific attributes and out-
comes of high-quality communication, and trained pediatric hematology/oncology fellows and oth-
er physicians to communicate effectively with patients and families. Ultimately, Dr. Mack hopes that
this work will enable valid assessment of care quality, and rigorous evaluation of interventions that
improve the delivery of adolescent and young adult end-of-life care. Dr. Mack received her MD from
Harvard Medical School, completed a residency in Pediatrics, and a fellowship in Pediatric Hema-
tology Oncology and Pediatric Palliative Care between Children’s Hospital Boston and Dana-Farber
Cancer Institute. Dr. Mack also received a Master’s in Public Health from the Harvard School of Public
Health.

Elaine Mardis, PhD
Professor

Ohio State University

Dr. Elaine Mardis is Co-Executive Director of the Steve and Cindy Rasmussen Institute for Genomic
Medicine at Nationwide Children’s Hospital and holds the Rasmussen Nationwide Foundation En-
dowed Chair in Genomic Medicine. She is also a Professor of Pediatrics at The Ohio State University
College of Medicine. Dr. Mardis is an internationally recognized expert in cancer genomics, with
ongoing interests in the 1) integrated characterization of cancer genomes, 2) defining DNA-based
somatic and germline interactions and RNA-based pathways, and 3) immune microenvironments
that lead to cancer onset and progression, specifically involving pediatric cancers. Most recently, her
research has been oriented toward translational aspects of cancer genomics, such as 1) identifying 4
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how the cancer genome changes with tfreatment, including acquired resistance, 2) the use of ge-
nomics in understanding immune therapy response, and 3) the clinical benefit of cancer molecular
profiling in the pediatric setting. Dr. Mardis served as president of the American Association for Can-
cer Research (AACR) from 2019-2020. In 2019, she was elected a fellow of the AACR Academy and a
member in the prestigious National Academy of Medicine. Educated at the University of Oklahoma
with a B.S. in Zoology and a PhD in Chemistry and Biochemistry, Dr. Mardis conducted postgradu-
ate work in industry at BioRad Laboratories. She was on the faculty of Washington University School

of Medicine from 1993-2016, where she served as co-director of the McDonnell Genome Institute at
Washington University.

Dr. Mardis previously served on CIAPM’s Cancer Disparities Selection Committee and the 2018 CIAPM
Evaluation Committee.

Rulla Tamimi, SciD, MS
Professor

Cornell University

Dr. Rulla Tamimi is a Professor of Population Health Sciences, Division Chief of Epidemiology, and Pro-
fessor of Epidemiology in Pathology and Laboratory Medicine at Cornell University. As the Associate
Director for Population Science at the Sandra and Edward Meyer Cancer Center, she works closely
with an interdisciplinary group of investigators to study cancer risk and survival, with the goal of re-
ducing morbidity and mortality in the New York City area. Her research goal is to better understand
breast cancer risk and prognosis by designing epidemiological studies that integrate biomarkers, im-
aging, and lifestyle factors. Specifically, her research has focused on intermediate markers of breast
cancer risk including mammographic density and benign breast diseases. As a principal investigator
on numerous NIH-funded grants and author of over 200 peer-reviewed publications, she has identi-
fied a number of genetic, molecular and lifestyle predictors of breast cancer risk. Her foundational
work includes studies on early life and environmental exposures’ link to breast disease, molecular
characterization of breast tumors, and mammographic density as a predictor of breast cancer. Dr.
Tamimi received her bachelor’s degree from Tufts University and her master’'s degree and doctorate
in epidemiology from the Harvard T. H. Chan School of Public Health. Previously, she was an associ-
ate professor in epidemiology at the Harvard T.H. Chan School of Public Health, associate professor
of medicine at Harvard Medical School, and the co-lead of the Breast Cancer Program at the Dana
Farber/Harvard Cancer Center.
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APPENDIX B: PUBLICATIONS, PRESS RELEASES, AND PRESENTATIONS GENERATED AS A
RESULT OF CIAPM-FUNDED RESEARCH

Improving Breast Cancer in Latinas: A Multi-Tiered Approach - UC San Francisco
Publications

1) Shieh, Y., et al. (2020). A Polygenic Risk Score for Breast Cancer in US Latinas and Latin Ameri-
can Women. J Natl Cancer Inst 112(6): 590-598.

2) Zavalag, V. A., et al. (2021). Cancer health disparities in racial/ethnic minorities in the United
States. Br J Cancer 124(2): 315-332.

3) MP Douglas, GA Lin, JR Trosman, KA Phillips, Hereditary cancer panel testing challenges
and solutions for the latinx community: costs, access, and variants J Community Genet 2022
Feb;13(1):75-80. doi: 10.1007/512687-021-00563-y. Epub 2021 Nov 6.

4) Reyna M, Almeida R, Lopez-Macha A, Fuller S, Duron Y, Fejerman L. Training promotores to
lead virtual hereditary breast cancer education sessions for Spanish-speaking individuals of
Latin American heritage in California. BMC Womens Health. 2022 Aug 8;22(1):336. doi: 10.1186/
$12905-022-01902-y. PMID: 35941639

5) Lizeth | Tamayo, Fabian Perez, Angelica Perez, Miriam Hernandez, Alejandra Martinez,
Xiaosong Huang, Valentina Zavala, Elad Ziv, Susan L. Neuhausen, Luis Carvajal- Carmona,
Ysabel Duron, Laura Fejerman. Cancer screening and breast cancer family history in Span-
ish-speaking Hispanic/Latina women in California. Front. Oncol., 26 October 2022 Sec. Cancer
Epidemiology and Prevention.

6) Yuan C Ding*, Hanbing Song*, Aaron Adamson*, Daniel Schmolze, Donglei Hu, Scott Hunts-
man, Linda Steele, Carmina Patrick, Shu TaoNatalie Hernandez, Charleen D Adams, Laura Fe-
jerman, Kevin L. Gardner, Anna Maria Nd&poles, Eliseo J. Pérez-Stable, Jeffrey N. Weitzel, Henrik.
Bengtsson, Franklin W. Huang, Susan L. Neuhausen+, Elad Ziv+ Profile of the somatic mutational
landscape in breast tumors from Hispanic/Latina women, Cancer Research PMID: 37145128;
PMCID: PMC10390863. *Joint first authors, +Joint senior authors

7) Fabian Perez, Miriam Hernandez, Alejandra Martinez, Patricia Castaneda, Raquel Ponce,
Maria Gonzalez, Cindia Martinez, Angelica Perez, Juanita Elizabeth Quino, Eric Robles Garibay,
Valentina A. Zavala, Xiaosong Huang, Susan L Neuhausen, Elad Ziv, Luis Carvajal- Carmona,
Ysabel Duron, Laura Fejerman. Promotores’ perspectives on the virtual adaptation of a hered-
itary breast cancer education program. J Genet Counseling; 2023 Dec;32(6):1226-1231, PMID:
37747056.

8) Nierenberg JL, Adamson AW, Hu D, Huntsman S, Patrick C, Li M, Steele L, Tong B, Shieh Y, Fe-
jerman L, Gruber SB, Haiman CA, John EM, Kushi LH, Torres-Mejia G, Ricker C, Weitzel JN, Ziv E*,
Neuhausen SL*. Whole exome sequencing and replication for breast cancer among Hispanic/
Latino women identifies FANCM as a susceptibility gene for estrogen-receptor- negative breast
cancer. medRxiv. 2023 Jan 28. PMID: 36747679; PMCID: PMC9%901069. * Joint senior and co-cor-
responding authors.

Presentations

1) Nierenberg JL, Adamson A, Zavala V, Lott P, John E, Hu D, Huntsman S, Weitzel J, Torres-Me-
jia G, Haiman C, Kushi L, Fejerman L, Carvajal-Carmona L, Neuhausen S, and Ziv E. Common
RADS2 variants are associated with decreased breast cancer risk among US Latinas and Latin
American women. Oral presentation at the Breast Oncology Program Scientific Retreat, Best
Abstract Award. March 2021.

2) Nierenberg JL, Adamson A, Ding YC, Shieh Y, Hu D, Huntsman S, John EM, Torres-Mejia G,
Haiman CA, Kushi LH, Ricker CN, Steele L, Lee R, Weitzel JN, Fejerman L, Neuhausen SL, and Ziv
E. Breast cancer polygenic risk scores and rare variants in Latinas. Oral poster talk and poster
presentation at the American Society for Human Genetics Annual Meeting, Reviewers' Choice
poster award. October, 2021.

3) Nierenberg JL, Adamson A, Ding YC, Shieh Y, Hu D, Huntsman S, John EM, Torres-Mejia G,
Haiman CA, Kushi LH, Ricker CN, Steele L, Lee R, Weitzel JN, Fejerman L, Ziv E, and Neuhau-
sen SL. Pathogenic Variants in Breast Cancer Risk Genes in Latinas. Poster presentation at the
American Association for Cancer Research Disparities Conference. October, 2021.

4) Nierenberg JL, Adamson A, Ding YC, Shieh Y, Hu D, Huntsman S, John EM, Torres-Mejia G, -
Haiman CA, Kushi LH, Ricker CN, Steele L, Lee R, Weitzel JN, Fejerman L, Neuhausen SL, and Ziv
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6)

7)

8)

?)

E. Breast Cancer Risk Genes and Common Variant Risk Scores in Latinas. Poster presentation at
the Breast Oncology Program Scientific Retreat. March, 2022.

Pooja Middha Kapoor, Angel C.Y. Mak, Linda Kachuri, Donglei Hu, Scott Huntsman, Lawrence
H. Kushi, Christopher Haiman, Esther M. John, Gabriela Torres-Mejia, Esteban G. Burchard,
Susan L. Neuhausen, Laura Fejerman, Elad Ziv. Transcriptome-wide association study identifies
novel genes associated with breast cancer suscepfibility in Latinas. Oral presentation at the
American Association of Cancer Research 2022. Award: AACR Scholar- in-training

Pooja Middha, Angel C.Y. Mak, Linda Kachuri, Donglei Hu, Scott Huntsman, Lawrence H. Kushi,
Christopher Haiman, Esther M. John, Gabriela Torres-Mejia, Esteban G. Burchard, Susan L.
Neuhausen, Laura Fejerman, Elad Ziv. Transcriptome-wide association study of breast cancer
risk in Latinas. Oral presentation and poster presentation at the UCSF Breast Oncology Program
2022Award: BOP Best poster award

Nierenberg JL, John EM, Torres-Mejia G, Haiman CA, Kushi LH, Gruber S, Weitzel JN, Fejerman L,
Ziv E, Neuhausen SL. Pathogenic Variants in Breast Cancer Susceptibility Genes and Polygenic
Risk among US Latinas and Mexican Women. Submitted to the International Genetic Epidemi-
ology Society Annual Meeting. Paris, France, Presented, September 2022.

Pooja Middha, Linda Kachuri, Angel C.Y. Mak, Donglei Hu, Scott Huntsman, Lawrence H. Kushi,
Christopher Haiman, Esther M. John, Gabiriela Torres-Mejia, Esteban G. Burchard, Susan L. Neu-
hausen, Laura Fejerman, Elad Ziv Transcriptome-wide association study identifies new breast
cancer susceptibility genes in Latinas. American Society of Human Genetics Oct 2022

Jovia L. Nierenberg, Aaron Adamson, Yuan Chun Ding, Yiwey Shieh, Donglei Hu, Scott Hunts-
man, Esther M. John , Gabriela Torres-Mejia, Christopher A. Haiman, Lawrence H. Kushi, Charite
N. Ricker, Linda Steele, Robin Lee, Jeffrey N. Weitzel, Laura Fejerman , Susan L. Neuhausen,
and Elad Ziv FANCM and ZNF404 identified as risk genes for breast cancer in Latinas. Presented
at the American Society of Human Genetics Oct 2022

Integrated Machine-Learning Platform to Inform Precision Therapy in Breast Cancer Patients (Celsus
Project) - UC San Diego

Publications

1)

2)

3)

4)

5)

Joshi §, Liu KX, Zulcic M, Singh AR, Skola D, Glass CK, Sanders PD, Sharabi AB, Pham TV, Tamayo
P, Shiang D, Dinh HQ, Hedrick CC, Morales GA, Garlich JR, Durden DL. Macrophage Syk-PI3Ky
Inhibits Antitumor Immunity: SRX3207, a Novel Dual Syk-PI3K Inhibitory Chemotype Relieves
Tumor Immunosuppression. Mol Cancer Ther. 2020 Mar;19(3):755-764. doi: 10.1158/1535-7163.
MCT-19-0947. Epub 2020 Jan 23. PubMed PMID: 31974273; NIHMSID:NIHMS1550106.
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