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Introduction: the 12th Biennial Rivkin Center
Ovarian Cancer Research Symposium

Nita J Maihle," Douglas A Levine,? Kiran Dhillon,® Deborah Kay Armstrong*

ABSTRACT

In September 2018, the 12th Biennial Ovarian Cancer
Research Symposium was presented by the Rivkin Center
for Ovarian Cancer and the American Association for Cancer
Research, in Seattle, WA, USA. The 2018 Symposium focused
on four broad areas of research: Detection and Prevention
of Ovarian Cancer, Genomics and Molecular Mechanisms of
Ovarian Cancer, Tumor Microenvironment and Immunology
of Ovarian Cancer, and Novel Therapeutics: Response and
Resistance of Ovarian Cancer. In addition, a special panel
on the 'Role of Advocates in Ovarian Cancer Research’ was
featured.

In September 2018, the 12th Biennial Ovarian Cancer
Research Symposium was presented by the Rivkin Center
for Ovarian Cancer and the American Association for
Cancer Research (AACR). The goal of this Symposium was
to bring together clinicians and researchers from across
disciplines and institutions worldwide to share new knowl-
edge to advance the field of ovarian cancer research. The
conference sought to enhance our understanding of this
disease, with the intent of using this information to improve
the prevention, early detection, and treatment of ovarian
cancer.

A particular focus of this Symposium was the inclusion
of early-career investigators during the planning process.
During this year’s Symposium, established scientists part-
nered with early-career investigators to facilitate each
session. The 2018 Symposium focused on four broad areas
of research: Detection and Prevention of Ovarian Cancer,
Genomics and Molecular Mechanisms of Ovarian Cancer,
Tumor Microenvironment and Immunology of Ovarian
Cancer, and Novel Therapeutics: Response and Resistance
of Ovarian Cancer.

The abstracts' from each of these research areas will be
published in Clinical Cancer Researcit and are reviewed
in this supplement to the International Journal of Gyneco-
logical Cancer. Reflecting a priority of the Rivkin Center, to
encourage and support young investigators in the field of
ovarian cancer research, these reviews are authored by
early-career investigators who are scholars in the Depart-
ment of Defense-sponsored Ovarian Cancer Academy
(OCA)  (http://www.ovariancanceracademy.org).  OCA
members compete for these mentored awards through the
Department of Defense’s Congressionally Directed Medical
Research Programme (https://cdmrp.army.mil/ocrp/).

The Rivkin Center (www.rivkin.org) was founded in
1996 by Swedish Cancer Institute medical oncologist Saul
E Rivkin, MD (now retired), in memory of his wife, Marsha,

who lost her life to ovarian cancer. The organization
provides seed funding for researchers exploring promising
new areas of investigation in the field of ovarian cancer.
Areas of priority include innovative research pilot studies,
scientific scholar awards for new investigators, and bridge
funding awards. To date, the Rivkin Center has awarded
more than $13 million in scientific research awards and
has a goal to continue to increase its research funding
annually. A major focus of the Rivkin Center has been
the biennial meetings, held now for more than 20 years,
to promote educational and intellectual interactions and
collaborations across the spectrum of ovarian cancer clin-
ical and basic science research.

In 2014, the Rivkin Center partnered with the AACR to
broaden the scope of research opportunities and infor-
mation sharing for investigators focused on the study of
ovarian cancer. The AACR now organizes biennial fall
research symposia alternating with the Rivkin meetings.
This fruitful partnership has served to expand the range
of clinical, translational, and basic science collaborations
in the field of ovarian cancer research, as reflected in the
spectrum of abstracts reviewed in the research summa-
ries presented in this supplement. In addition to these
summaries, a representative of the patient advocacy
community has highlighted perspectives shared during the
panel discussion on emerging roles for consumer advo-
cates as medicine and biomedical research become more
patient-centric.
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Meeting report from the 2018 12th Biennial
Ovarian Cancer Research Symposium
detection and prevention of ovarian cancer

Wa Xian," Sophia George?®

ABSTRACT

The objective of this review is to summarize recent
research advances in the detection and prevention of
ovarian cancer and discuss the experts’ opinions of future
directions. The 12th Biennial Ovarian Cancer Research
Symposium was held in Seattle, Washington, in September
2018. At this meeting, experts in ovarian cancer research
gathered to present and discuss recent breakthroughs and
their visions of future ovarian cancer research. Session 1
of the symposium focused on the detection and prevention
of ovarian cancer. It included two invited oral presentations
from Ranjit Manchanda, MD, PhD (Barts Cancer Institute)
and Rosana Risques, PhD (University of Washington).
Another eight oral presentations were selected from
abstract submissions. Fifteen abstracts were presented

in poster format. These presentations covered topics
including cellular origin of high-grade serous cancer, risk
factors for ovarian cancer, new methods for early detection
of ovarian cancer, mechanisms underlying ovarian cancer
development, and new therapeutic approaches for
preventing ovarian cancer from forming or progressing.

In conclusion, a clear understanding of the cellular origin
and molecular mechanisms underlying the initiation of
high-grade serous cancer is essential for developing
effective means for early detection and prevention of this
most devastating type of ovarian cancer. Recognizing the
complexity of ovarian cancer and appreciating that ovarian
cancer is not a single disease will help us to generate
proper models, design rational experiments, and collect
and analyze patient data in a meaningful way. A concerted
effort in the field will help to bridge the basic science and
clinical applications and lead to more precise and effective
detection and treatment.

Epithelial ovarian cancer is a disease with poor prog-
nosis. It is the fifth most common cause of death from
cancer in women, and is the most lethal of all gyne-
cological cancers. The lifetime risk of a woman devel-
oping ovarian cancer is 1in 71, and 1 in 200 women
will develop ovarian cancer between their 50th and
70th birthday. Worldwide, 224 747 new cases of
ovarian cancer are diagnosed annually and there are
an estimated 140 163 disease-related deaths.’ Ninety
percent of all deaths from ovarian cancer are due to
high-grade serous cancer, and this cancer sub-type
accounts for 75% of all cases.? Despite recogni-
tion of the importance of early detection and rapid

progress in our understanding of the cellular origin
of high-grade serous cancer, only 2% of cases can be
identified at stage 1.> As a consequence, up to 80%
of women present with stages lll/IV disease, and the
5-year survival rate is just 30%. This severe mortality
and poor survival rates have not changed much since
the 1930s.* Therefore, there is an urgent and unmet
medical need for precise diagnosis and effective
treatment for this disease at earlier stages, where
the survival rate is >90%, as we have achieved in
cervical cancer and breast cancer® after the biology/
origin of these two women’s cancers were unraveled.

At the 12th Ovarian Cancer Research Symposium
at the Rivkin Center for Ovarian Cancer in Seattle,
Washington, one session focused on the detection
and prevention of ovarian cancer. Diverse topics
were covered in this session, including basic biolog-
ical questions such as the cellular origin of high-
grade serous cancer and clinical applications such
as diagnostic markers for early detection. Dr Ranjit
Manchanda (Barts Cancer Institute) presented a
population-based test for ovarian cancer gene muta-
tions. He discussed the limitations associated with the
current system of genetic testing, based on clinical
criteria/family history, and presented data supporting
the promising outcome of population-based BRCA
testing in the Jewish population. Dr Manchanda
further extended the testing for established cancer
genes in non-Jewish women and suggested surgical
prevention is a cost-effective approach in women at
high risk identified by this test.

Dr Rosana Risques (University of Washington) also
presented her recent research on using ultra-sensi-
tive sequencing tools for detection of ovarian cancer.
The presentation by Dr Risque centered on deep
sequencing of genital tract fluids for TP53 mutations
using techniques to identify very small numbers of
affected cells. They demonstrated the presence of
TP53 mutations in these fluids in women with ovarian
cancer and also in 100% of controls. These findings
underline the fact that cells containing 7P53 muta-
tions are present in the peritoneal or other genital
tract fluids of virtually all women, increasing with age
and in keeping with a 'pre-malignant mutation back-
ground' discussed in their previous paper.® Interest-
ingly, it complements the model proposed by Soong
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et al in a subsequent presentation, in which genetically altered but
non-malignant precursor cells escape from the fallopian tubes and,
in some instances, culminate in high-grade serous cancer in the
peritoneal cavity.” The two studies superimposed on prior work
attest to both the frequency of TP53 mutations in the fallopian tube
and the likelihood that such cells commonly exist in the peritoneal
fluid. The mechanism(s) by which malignancy occurs and who is at
risk for a rare occurrence of malignant transformation remains to
be determined.

In addition, Ms Heydrich and colleagues (Color Genomics)
presented their studies in Texas supporting the benefit of providing
broad access to genetic testing in the obstetrics and gynecology
care setting. Using a next-generation, sequencing-based assess-
ment of 30 genes associated with hereditary cancer risk, they iden-
tified 90 patients with increased risk for cancer among 1113 people
included in this study. Significantly, 70 of the 90 identified as at
increased risk had no significant family history of ovarian cancer
and would not have been obvious candidates for screening. This
finding suggests that broader genetic testing would be beneficial in
identifying a larger set of patients at risk.

Developing rational and effective screening and cancer preven-
tive strategies for ovarian cancer, particularly high-grade serous
cancer, requires a better understanding of the origin of this disease.
During the past decade, clinical and molecular evidence has
increasingly suggested that many, if not all, cases of high-grade
serous cancer arise from the fallopian tube.? In the original serous
carcinogenesis model, high-grade serous cancer was thought
to arise through dissemination of tumor cells from serous tubal
intra-epithelial carcinomas.® However, many cases are found not
to be associated with serous tubal intra-epithelial carcinomas.
Drs Thing Rinda Soong and Christopher Crum (University of Wash-
ington and Harvard Medical School, respectively) presented data
to support a new alternative model termed 'precursor escape’. In
this model, a pre-cancerous lesion termed ‘early serous prolifer-
ation'” bearing p53 mutations is found in the distal fallopian tube
of patients with high-grade serous cancer.'® Their study indicates
for the first time a lineage continuity between early serous prolif-
eration in the distal tube and some metastatic high-grade serous
cancer via shared, site-specific TP53 mutations, explaining the
apparent sudden onset of cancers without co-existing serous tubal
intra-epithelial carcinomas. This new pre-cancer—cancer paradigm
for high-grade serous cancer suggests that precursor initiation and
progression to malignancy are separated spatially and temporally.

The study presented by Dr Burdette (University of lllinois,
Chicago) explained why the ovary is the primary metastasis site
for tumors derived from the fallopian tube. Using imaging mass
spectrometry, Dr Burdette and colleagues found that norepineph-
rine and a series of new molecules may facilitate the colonization
of fallopian tube-derived tumor cells on the ovarian surface. Ther-
apeutic intervention blocking ovarian metastasis can be developed
targeting pathways activated by these molecules.

Using genetic mouse models, Drs Shuang Zhang and Benjamin
Neel (New York University-Langone Medical Center) showed that
PAX8 + fallopian tube cells can be transformed in the presence of
combined retinoblastoma inactivation and 7P53 mutations and give
rise to serous cancer. Dr Zhang and colleagues also claimed that
under the same conditions, ovarian epithelial cells can be trans-
formed to form serous-like tumors. It is important to notice that
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the serous-like tumors generated from transformed ovarian surface
epithelial cells do not express PAX8, a hallmark of high-grade serous
cancer, whereas the tumors generated from transformed fallopian
tube epithelial cells express all the hallmarks of this cancer as
shown in publications from various laboratories."" 2 A presentation
given by Dr Sophia George (University of Miami) further investigated
the fallopian tube as the site of origin of high-grade serous cancer
by performing RNAseq analysis of fallopian tube from patients with
and without BRCA mutations. The women carrying a deleterious
mutation in the BRCA7/2 genes have an increased risk of this
cancer of up to 40%. Dr George and colleagues found that the fallo-
pian tube epithelium of a BRAC1/2 carrier shows distinct unique
pre-neoplastic processes, such as increased metabolic activity and
aberrant regulation of DNA repair pathways. Their study using a
BRCA model may provide new insights into the early development
of ovarian cancer.

Kendall Greening from Dr David Huntsman’s laboratory (Univer-
sity of British Columbia) presented preliminary data suggesting that
42% of post-menopausal women had p53 lesions in the fallopian
tube. They plan to study the effect of the use of oral contraceptive
pills and its association with >40% reduction in the risk of high-
grade serous cancer by studying p53 lesions in the fallopian tubes.
Their study may disclose the impact of oral contraceptive pills on the
earliest known precursors of serous cancer. Dr Angela Russo and
colleagues (University of lllinois at Chicago) presented their work
on the effect of loss of PAX2 and PTEN in the fallopian tube epithe-
lium."® Their data suggested that loss of PTEN or PAX2 mediated a
cancer stem cell phenotype that initiates formation of high-grade
serous cancer. These findings may help to define early events of
carcinogenesis and help to refine the strategies of targeted thera-
peutics or marker discovery for early detection of serous cancer. Dr
Kara Bernstein and colleagues (University of Pittsburg) presented
their work on characterization of cancer-associated mutations in
the RAD51 paralogs on homologous recombination proficiency.
This may help us to develop more effective predictive models of
targeted therapies, such as poly-ADP-ribose polymerase inhibitors.
Using yeast 2/3-hybrid assays, they found that mutations in RAD51
disrupted the interaction between RAD51 and XRCC2, a protein
required for the early response of RAD51 to DNA damage,14 and
subsequently affect homologous recombination proficiency.

Several presentations mentioned recent progress with tools to
deal with the unmet clinical need for early detection of ovarian
cancer. The recent discovery of fallopian tube as the site of origin
of high-grade serous cancer has re-shaped strategies of early
detection.' For instance, Dr Jennifer Barton (University of Arizona)
presented her work on a second-generation falloposcope for mini-
mally invasive imaging of the fallopian tube. They propose to use
this imaging test as an adjunct confirmatory test after an initial
positive or suspicious blood test with known or recently uncov-
ered markers for serous tubal intra-epithelial carcinoma lesions in
their laboratory. Their continuous work on identifying sensitive and
specific serum protein markers and optimizing the falloposcope
may create a reliable and efficient detection method for general
screening of the general population for early epithelial ovarian
cancer.

Dr Amy Skubitz (University of Minnesota) and colleagues
presented their work using Proseek Multiplex Oncology Il plates
to simultaneously measure the expression of 92 cancer-related
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proteins in serum in order to bypass the inability of CA125 and
HE4 screening of the general population to identify early-stage
disease. Their analysis of women with advanced serous cancer
compared with age-matched healthy women showed that CA125
alone achieved a sensitivity of 93.4%, but by adding five proteins
to CA125, they increased sensitivity to 98.4%. They hope that this
Proseek technology will help to identify biomarkers to improve the
sensitivity and specificity of detection methods for early stages of
high-grade serous cancer.

Dr Karen Belkic (Karolinska Institution) summarized the key
achievement of the fast Pade transform in magnetic reso-
nance spectroscopy for diagnosis of early ovarian cancer. Their
meta-analysis showed that cancerous and benign ovarian lesions
are inadequately distinguished via fast Fourier transform-based
magnetic resonance spectroscopy. In contrast, the high-order,
non-parametric fast Pade transform has clear display with iden-
tification and exact quantification of key metabolic transformation,
including the ovarian cancer biomarker phosphocholine. Their next
step is pursuing this strategy in vivo for diagnosis of ovarian cancer.
Dr Kristin Boylan and colleagues from the University of Minnesota,
also used mass spectrometry-based proteomics methods for early
detection. They hypothesized that ovarian cancer cells can be
detected during a routine Pap test performed for cervical cancer
prevention. Given the convincing data supporting the fallopian
tube as the site of origin of ovarian cancer, they think it is likely
that ovarian cancer protein can be found in the lower genital tract,
perhaps even in the early stages. Using the exiract from patient’s
tumor tissue run on 2D-liquid chromatography tandem mass spec-
trometry, followed by bioinformatics integration, they identified
thousands of protein markers shared by several patients, including
well-known markers of ovarian cancer such as CA125. Their further
analysis using patient-matched normal tissues will help to uncover
cancer-specific markers that could be used for the quantification
of proteins from Pap test fixatives and cervical swabs for ovarian
cancer protection.

Dr Naoko Sasamoto (Brigham and Women’s Hospital) and
colleagues presented their efforts on improving the efficiency and
accuracy of using CA125 as a prediction method. They hypothesized
that the distinct personal characteristics among individuals contrib-
uted to the low specificity of CA125 as an ovarian cancer screening
biomarker. Thus they proposed to identify personal characteristics
that influence CA125 levels in order to create personalized thresh-
olds for CA125, thereby improving its performance as an ovarian
cancer screening biomarker. They conducted internal and external
validation of two prediction models (linear and dichotomous) of
circulating CA125 among post-menopausal women using 28 842
controls without ovarian cancer in four large population-based
studies. Although both models appeared to provide some improve-
ment to the CA125 method, a further fine-tuning of these models is
required to increase the predictive ability of these models.

Estrogen-induced DNA damage may contribute to the early
development of ovarian cancer.'® To overcome the technical chal-
lenges in detecting and analyzing the variety of different DNA
lesions that are formed by estrogen compounds, Dr Kaushlendra
Tripathi (University of Alabama) and colleagues have developed
a new method. They used biotinylated estrogens to allow immu-
nodetection of estrogen-induced DNA adducts by slot-blot and
single-cell molecular cloning and proximity ligation assays. Using

this method, they quantitatively detected these adducts on DNA
and showed that estrogen activates replication-associated DNA
damage response and induces chromosomal instability. Thus, the
biotin-labeled estrogens could be used as a tool to detect the early
stage of ovarian carcinogenesis.

Several research groups presented their work on identifying risk
factors for the development of ovarian cancer that might reduce
its burden. Dr Kara Michels (National Cancer Institute) presented
a study examining the association between metabolic dysregula-
tion and development of ovarian cancer by a case—control study
within the Surveillance, Epidemiology and End Results Medicare
linked database. Their results suggest that individual components
of metabolic syndrome, rather than the syndrome itself, are associ-
ated with ovarian cancer. Thus high levels of triglycerides are asso-
ciated with an increased risk of high-grade serous cancer, whereas
a high level of fasting glucose is linked with a reduced risks for this
cancer.

Dr Holly Harris (Fred Hutchinson Cancer Research Center) and
colleagues presented their work on the use of Mendelian random-
ization to examine the association between polycystic ovary
syndrome and ovarian cancer. They evaluated the single nucleotide
polymorphisms associated with polycystic ovary syndrome using
publicly available data from genome-wide association studies.
Based on seven associated single nucleotide polymorphisms, they
found an inverse association between genetically predicted poly-
cystic ovary syndrome and high-grade serous cancer and endome-
trioid tumors.

As full-term births have been known to be protective for ovarian
cancer,"” Dr Alice Lee (California State University) and colleagues
presented their work on incomplete pregnancies and risk of ovarian
cancer based on the pooled epidemiologic data from 16 popula-
tion-based, case—control studies from the Ovarian Cancer Associ-
ation Consortium. They found that both incomplete and complete
pregnancies are protective against ovarian carcinogenesis,
although full births are more protective. The protective association
is strongest for clear cell ovarian cancer and less apparent for high-
grade serous cancer and mucinous ovarian cancers. Randomized
trials and recent meta-analysis have shown better survival for
women who took hormone therapy after their diagnosis in compar-
ison with women who did not.'® Dr Celeste Pearce from the same
research group (California State University) presented their study
on the relationship between use of hormone therapy before ovarian
cancer diagnosis. They analyzed 4700 patients with ovarian cancer
recorded in the Ovarian Cancer Association Consortium and found
that women who used hormone therapy before diagnosis had an
11% decreased risk of death compared with those who did not.
It appears that the longer duration confers better survival in both
serous and mucinous ovarian cancer.

Other factors linked with reduced ovarian cancer risks are higher
parity and oral contraceptive use.”® In order to understand the
association between the lifetime number of ovulatory cycles and
ovarian cancer risk, Dr Britton Trabert and colleagues (National
Cancer Institute) analyzed 3866 cases of ovarian cancer collected
by the Ovarian Cancer Cohort Consortium. In this large prospective
analysis of pooled cohort study data, they observed a positive asso-
ciation between increased risk of ovarian cancer of several histo-
types, including serous, endometrioid, and clear cell tumors, but
not mucinous tumors. Their data suggest that a DNA damage-rich
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environment created by ovulation at the ovary surface and within
the fallopian tube increases the risk of ovarian carcinogenesis.

Dr Faina Linkov (University of Pittsburgh) presented their study
of 1840 patients with ovarian cancer at the University of Pitts-
burgh Medical Center facilities and concluded that intra-peritoneal
chemotherapy showed enhanced long-term survival of patients.
Since intra-peritoneal chemotherapy has not been widely used
outside specialty hospitals, increasing its use in clinical practice
for the treatment of patients with ovarian cancer may improve
outcomes.

Christina Clarke (Kaiser Permanente Colorado) and colleagues
presented a retrospective observational study of high-grade serous
cancer to explore predictors of long-term survival, using data from
five participating health plans in the Cancer Research Network.
They confirmed that younger age, lower stage, and receipt of
chemotherapy were statistically significantly associated with long-
term survival.

In this session, a few researchers also presented their find-
ings for the development of new approaches for early treatment.
Tiffany Lam and colleagues (University of Minnesota) hypothesized
that some tumor cells can evade initial chemotherapy treatment
by entering a dormant state. They used a silica gel encapsulation
platform to capture the subset of cells capable of dormancy. They
observed a connection between cells’ ability to enter dormancy and
chemoresistance in ovarian cancer. Therefore they suggest that
silica gel technology might be used as a predictive clinical tool to
identify patients at risk of early recurrence or serve as a research
tool to study the mechanisms underlying dormancy, chemoresis-
tance, and recurrence.

Dr Chang Li (University of Washington) and colleagues presented
their attempts to develop preventive approaches for patients with
ovarian cancer at high-risk of disease recurrence or patients with
cancer-predisposing inherited mutations. Their approach is based
on in vivo genetic modification of hematopoietic stem cells.2’ By
microRNAseq and microRNA arrays, these researchers identi-
fied microRNAs that were absent in tumor-associated leukocytes,
allowing for tumor-restricted therapeutic transgene expressions
by inserting these microRNAs in the 3’ untranslated region of the
transgenes. They hypothesized that these genetically engineered
tumor-associated neutrophils and macrophages can overcome the
immunosuppressive tumor environment allowing effector T-lym-
phocyte cells to stop tumor growth at an early stage. They are using
oncogene-transgenic mice that develop spontaneous tumors to test
this hypothesis.

CONCLUSION

The American Cancer Society describes the 'signs' of ovarian cancer
as 'bloating, abdominal pain, a feeling of fullness'—clearly all indi-
cations of late-stage disease. Indeed markers such as CA125 and
imaging by transvaginal ultrasound also report frank cancer which,
if not cured by surgery, represents a largely protracted medical
struggle with limited odds of success.?' It would seem that the
future should include early detection afforded by the large period
of time presented by most pre-cancerous lesions and non-invasive
cancer form of other organs. A molecular analysis of an early lesion
that could be tied to high-grade serous cancer would provide an
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array of targets that are either secreted by these cells or presented
on the cell surface, with potential screening and therapeutic value,
respectively. Monoclonal antibodies to secreted proteins have the
potential to form the basis of population-wide screening methods
from blood or cervical fluid for those at risk who might benefit
from salpingectomy. Monoclonal antibodies to surface proteins of
the cells in these lesions might assist in alternative detection via
imaging technologies through the fallopian tube isthmus, similar to
the confocal endoscopy performed today with Barrett’s esophagus.
They might also provide potentially non-invasive means of eradi-
cating these early lesions though cytotoxic effects. While it seems
that imaging technologies akin to the endoscopy and colonoscopy
employed are not yet available for monitoring the fallopian tube, it
would seem with the rapid pace of development that the fallopian
tube will soon be within range of these modalities.

One goal of all cancer therapy is to provide early screening and
pre-emptive intervention to avoid the challenges presented by
highly metastatic cancers. Thus, the stages of cancer have a huge
influence on the outcome. Early diagnosis of cancer will fundamen-
tally affect the management of these tumors. The Ovarian Cancer
Research Society has started to explore the current hypothesis that
the fallopian tube is the origin of high-grade serous cancer and
aims to develop new, sophisticated and yet simple strategies to
detect the cancer in its earliest stage: the pre-cancerous lesion. If
successful, we would have filled an important unmet medical need
that has been troubling the medical profession for decades. Contin-
uously developing new knowledge in this field is essential for us to
develop medical diagnostic technologies that might save lives and
improve the quality of global healthcare.
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Genomics and molecular mechanisms
of high grade serous ovarian cancer: the
12th Biennial Rivkin Genter Ovarian Cancer

Research Symposium

Erinn B Rankin

ABSTRACT

Objective The aim of this study was to review current
research efforts in genomics and molecular mechanisms
of high grade serous ovarian cancer, presented at the
12th Biennial Rivkin Center Ovarian Cancer Research
Symposium, held at the University of Washington.
Methods The 12th Biennial Rivkin Center Ovarian Cancer
Research Symposium brought together leaders in the field
to discuss recent advances in ovarian cancer research and
therapy.

Results The genomics and molecular mechanisms

of ovarian cancer session featured invited speaker
presentations by Dr Alan D’ Andrea on ‘Deoxyribonucleic
acid (DNA) repair in ovarian cancer’ and Dr Kathleen Cho
on ‘Modeling the genomics of high grade serous carcinoma
in the mouse’. Eight additional oral presentations and 46
poster presentations were selected from the submitted
abstracts that highlighted current research efforts in p53,
DNA repair, genomic instability and modeling disease in
mice, and organoids in high grade serous ovarian cancer.
Conclusions New technologies utilizing clustered
regularly interspaced short palindromic repeats (CRISPR)/
CRISPR associated protein 9 (CAS9) approaches in mice,
organoids, and cell based screens continue to advance
our knowledge of key molecular drivers of ovarian

cancer initiation, progression, and drug resistance.
Improved understanding of the mechanisms of poly ADP
ribose polymerase inhibitor resistance may lead to new
therapeutic strategies to enhance outcomes in women
with high grade serous ovarian cancer.

INTRODUCTION

Ovarian cancer is a heterogeneous disease with
multiple subtypes that are classified based on distinct
histological and genetic features. The most common
and lethal subtype of ovarian cancer is high grade
serous ovarian cancer. Approximately 70% of women
diagnosed with high grade serous ovarian cancer
present with advanced disease where the tumor has
disseminated beyond the ovaries and pelvic organs
to the peritoneum and abdominal organs, including
the diaphragm, stomach, omentum, liver, and intes-
tines.! > Common mutations associated with the
development of high grade serous ovarian cancer
include TP53 mutations and BRCA1/2 mutations.> At

the genomic level, high grade serous ovarian cancer
is also characterized by recurrent deoxyribonucleic
acid (DNA) copy number alterations, making this
cancer genomically unstable.* These clinical find-
ings suggest an important role for p53, DNA repair,
and genomic instability in the pathogenesis of high
grade serous ovarian cancer, and were a focus of the
research presented at the 12th Biennial Rivkin Center
Ovarian Cancer Research Symposium during the
session on genomics and molecular mechanisms of
ovarian cancer.

Here we will summarize the key topics discussed
in this session that was held on September 13-15,
2018, at the University of Washington.

P53 AND HIGH GRADE SEROUS OVARIAN CANCER

The tumor suppressor p53 is known as the guardian
of the genome due to its central role in regulating DNA
damage responses. A variety of stimuli, including DNA
damage, nutrient starvation, and oncogenic signa-
ling, activate p53 signaling to modulate cell cycle
arrest, apoptosis, ferroptosis, senescence, oncogenic
signaling, metabolic reprogramming, differentiation,
invasion, and signaling within the tumor microenvi-
ronment (for a recent review see Mello and Attardi’).
Mutations in TP53 are found in 96% of cases of high
grade serous ovarian cancer, making p53 a critical
tumor suppressor for ovarian cancer.® TP53 muta-
tions are found within early serous tubal intraepithe-
lial lesions found in the fallopian tube, suggesting that
p53 loss is an early event in the pathogenesis of high
grade serous ovarian cancer (for an recent review see
Soong et al®. In the genomic and molecular mech-
anisms of ovarian cancer session, Dr Kathy Cho
presented data from murine models of ovarian cancer
demonstrating that recombination of 7rp53 inactiva-
tion along with Brca1 and Rb1 inactivation in fallopian
tube epithelium utilizing Cre-lox technology requires
a latency period of more than a year for early serous
tubal intraepithelial carcinoma lesions to progress to
high grade serous ovarian cancer, suggesting that
tumor initiation and progression require additional
events.”®
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Dr Rong Wu presented on new technologies utilizing clustered
regularly interspaced short palindromic repeats (CRISPR)/CRISPR
associated protein 9 (CAS9) mediated somatic gene editing in fallo-
pian tube epithelium to model gynecologic cancers in mice. Impor-
tantly, he reported that the Cre-CRISPR/Cas9 sgRNA system could
recapitulate morphology and immunophenotypic characteristics of
Apc-Pten or Brecal-Trp53-Rb1-Nf1 endometrioid carcinomas and
high grade serous ovarian cancer produced by Cre-lox technology.
Within the Rivkin Symposium, we also learnt of additional research
efforts utilizing CRISPR-Cas9 mediated gene targeting in organoid
cultures derived from mouse oviduct and ovarian surface epithe-
lium to identify gene combinations that result in tumor formation
in transplantation studies.® Future work utilizing these technologies
and model systems will expedite the identification of genetic events
that work in concert with p53 mutations to promote high grade
serous ovarian cancer formation and metastasis within murine
models.

Similar to most cancers, the majority of TP53 mutations in high
grade serous ovarian cancer are missense mutations that reside
within the DNA binding domain. Mutant p53 proteins result in loss
of wild type p53 function through multiple mechanisms, including
loss of DNA binding and protein structural mutations. 7P53 muta-
tions can facilitate p53 protein aggregation leading to loss of p53
function, dominant negative effects, and gain of function activities.
Previous studies have shown that R248 and R280 mutant p53
proteins stimulate p53 protein aggregation in vitro and enhance
p53 protein aggregates within the nucleus of cancer cells to inac-
tivate p53 function.'® Dr Nicole Heinzl discussed the development
of an enzyme linked immunosorbent assay recently published by
Maritschnegg et al'! that may be utilized to detect p53 protein
aggregates in high grade serous ovarian cancer patient specimens.
Ongoing studies are focused on determining whether p53 aggre-
gates correlate with patient survival and/or response to platinum
based chemotherapy in high grade serous ovarian cancer.

There are likely multiple mechanisms by which p53 mediates its
tumor suppressor functions in ovarian cancer. One target that may
contribute to the pathogenesis of high grade serous ovarian cancer
is forkhead box protein M1 (FOXM1). FOXM1 is a forkhead box tran-
scription factor that controls cell cycle progression and cell prolif-
eration in normal cells through activation of G2 specific genes.'? '
In cancer cells, FOXM1 has additional functions in controlling apop-
tosis, angiogenesis, invasion, genomic instability, inflammation,
and metabolism."? In ovarian cancer, aberrant activation of FOXM1
has been shown to promote tumor migration, invasion, chemore-
sistance, and poly ADP ribose polymerase inhibitor resistance.'*'®
The FOXM1 transcription factor network is overexpressed at the
messenger ribonucleic acid (RNA) level in 87% of high grade serous
ovarian cancer.® FOXM1 is a repressed p53 target, indicating that
p53 loss may contribute to enhanced FOXM1 signaling in high
grade serous ovarian cancer."” In support of this notion, FOXM1
expression is increased in p53 and Rb deficient murine ovarian
surface epithelial cells and tumors compared with p53 and Rb wild
type cells.'® Dr Carter Barger recently demonstrated that FOXM1
is highly expressed in human cancers with p53 inactivation and
Rb-E2F deregulation. Moreover, FOXM1 expression was associ-
ated with genomic instability.'® Overall, these studies suggest that
FOXM1 may be an important therapeutic target for the treatment of
high grade serous ovarian cancer .

DNA REPAIR IN HIGH GRADE SEROUS OVARIAN CANCER

Defective homologous recombination plays an important role in
the pathogenesis and therapeutic response of high grade serous
ovarian cancer. It has been estimated that approximately 50%
of high grade serous ovarian cancers have defects in DNA repair
and homologous recombination. Most notably, 20% of high grade
serous ovarian cancers exhibit germline or somatic mutations in
the homologous recombination proteins BRCA1/2 and an additional
11% of high grade serous ovarian cancers loose BRCA1 expression
through promoter methylation. Additional genomic changes within
genes such as EMSY, PTEN, RAD51, ATM, recombination plays, and
Fanconi anemia also result in defective homologous recombination
in 25% of high grade serous ovarian cancer tumors.®

The homologous recombination pathway plays an important
role in repairing DNA double strand breaks that occur during DNA
replication. Defects in homologous recombination result in the
accumulation of chromatid breaks.' If chromatid breaks are not
repaired, the cells become dependent on alternative end joining
double strand break repair for survival. Alternative end joining will
repair the breaks by joining the double strand breaks, resulting in
chromosomal rearrangements and genomic instability.? Homolo-
gous recombination deficient tumors are particularly sensitive to
intrastrand and interstrand crosslinks induced by platinum based
chemotherapeutic agents.”’

In addition to chemotherapy, homologous recombination deficient
high grade serous ovarian cancers are also particularly sensitive to
poly ADP ribose polymerase inhibitors. In 2014, olaparib was first
approved by the Food and Drug Administration for the treatment
of BRCA1/2 mutant epithelial ovarian cancer for those who have
received three or more chemotherapy regimens.?? Subsequently,
rucaparib was approved for women with advanced ovarian cancer
who have been treated with two or more chemotherapies and have
germline or somatic BRCA mutations.?® Niraparib was the first
approved poly ADP ribose polymerase inhibitor for maintenance
therapy in recurrent ovarian cancer patients who are in complete
or partial response to platinum based chemotherapy, regardless of
BRCA mutation status.2* Currently, olaparib, niraparib, and rucaparib
are approved by the Food and Drug Administration for maintenance
therapy in patients with recurrent epithelial ovarian cancer who are
in complete or partial response to platinum based chemotherapy.?®
There are a number of ongoing combination studies evaluating the
safety and efficacy of poly ADP ribose polymerase inhibitors with
chemotherapy, radiation therapy, immunotherapy, antiangiogenic
agents, PI3K pathway inhibitors, and inhibitors of DNA damage
repair.”® Phase Il clinical trials combining olaparib with paclitaxel in
BRCA mutated cancers have reported improved clinical responses
compared with single agent platinum or topoisomerase inhibitors.?
However, significant myelosuppression limits the combination of
poly ADP ribose polymerase inhibitors with standard doses of plat-
inum and topoisomerase inhibitors.? 2

A recent study by Drs Sarah Hill and Alan D’Andrea demonstrated
that independent of DNA repair gene mutational status, high grade
serous ovarian cancer patient organoids with a functional defect
in homologous recombination, as determined by defective RAD51
foci assembly following irradiation, correlates with response to poly
ADP ribose polymerase inhibition.*® These studies highlight the
importance of homologous recombination deficiency in mediating
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poly ADP ribose polymerase inhibitor response in high grade serous
ovarian cancer and suggest that functional testing of homologous
recombination activity may be most effective to predict which
patients may respond to poly ADP ribose polymerase inhibitors.
There are multiple mechanisms by which homologous recombina-
tion defective tumors are sensitive to poly ADP ribose polymerase
inhibition. First, poly ADP ribose polymerase is a single strand DNA
repair protein. If single strand breaks are not repaired by poly ADP
ribose polymerase, they are converted into double strand breaks
during replication that are repaired by RAD51 and homologous
recombination.’ ' Additional mechanisms for poly ADP ribose
polymerase inhibitor mediated sensitivity of homologous recom-
bination deficient high grade serous ovarian cancer cells may
also include activation of classic non-homologous end joining and
inhibition of DNA repair mediated by the accumulation of poly ADP
ribose polymerase1-DNA complexes.*?

Despite the enthusiasm for the addition of poly ADP ribose poly-
merase inhibitors to the clinical landscape of high grade serous
ovarian cancer, many patients who initially respond to poly ADP
ribose polymerase inhibitors develop resistance. There are multiple
mechanisms by which high grade serous ovarian cancers develop
resistance to poly ADP ribose polymerase inhibitors. Dr Alan D’An-
drea, an invited speaker at the Rivkin Symposium, spoke about the
current research efforts investigating mechanisms that drive sensi-
tivity and resistance to poly ADP ribose polymerase inhibitors. In
BRCA1/2 deficient tumors, a common mechanism driving poly ADP
ribose polymerase inhibitor resistance is the restoration of BRCA1
or BRCA2 protein activity through genetic or epigenetic events.*?
Loss of poly ADP ribose polymerase expression, the target of poly
ADP ribose polymerase inhibitors, has also been linked to poly ADP
ribose polymerase inhibitor resistance in human cancer cell lines.*®
In addition to loss of poly ADP ribose polymerasel expression,
mutations within poly ADP ribose polymerasel that prevent poly
ADP ribose polymerase trapping by poly ADP ribose polymerase
inhibitors at sites of DNA damage can also contribute to drug resis-
tance.** Recent studies have utilized unbiased screening methods
to identify novel mediators of poly ADP ribose polymerase inhibitor
resistance.

Screening for factors that mediate resistance of BRCA1 deficient
tumors to poly ADP ribose polymerase inhibitors identified mitotic
arrest deficient 2 like 2 (REV7) and tumor protein p53 binding
protein 1 (53BP1).*° 53BP1 is a chromatin binding protein that is
rapidly recruited to double strand breaks where it regulates DNA
repair choices by inhibiting DNA end resection and homologous
recombination and promotes non-homologous end joining.* During
homologous recombination, BRCA1 promotes the displacement of
53BP1 from chromatin near double strand breaks to activate DNA
end resection.®” % Loss of 53BP1 in a Brca? deficient setting is
sufficient to promote homologous recombination and confer
poly ADP ribose polymerase inhibitor resistance.® **° REV7 has
recently been identified as a component of the shieldin complex,
a downstream effector of 53BP1 in DNA double strand break
repair.®2%54! Dr Yizhou He presented data on another CRISPR medi-
ated screen for genes that mediate poly ADP ribose polymerase
inhibitor response where the multifunctional homodimeric protein
hub dynein light chain LC8-type | (DYNLL1) was identified as an
another important factor mediating poly ADP ribose polymerase
inhibitor sensitivity. Studies revealed DYNL11 loss resulted in poly
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ADP ribose polymerase inhibitor resistance. In these studies, He
et al found that DYNLL1 is a negative regulator of DNA end resec-
tion.*? These findings are consistent with a recent report demon-
strating that DYNLL1 acts to regulate 53BP1 non-homologous end
joining by promoting 53BP1 oligomerization and chromatin inter-
actions.”® Overall, these findings highlight the importance of the
p53BP1 pathway in poly ADP ribose polymerase inhibitor resistance
and have revealed novel mechanisms governing the DNA damage
response.

In addition to the p53BP1 pathway, Dr Jeremy Chien presented
work ongoing in his laboratory that has identified the TP53 induced
glycolysis regulatory phosphatase TIGAR as an important medi-
ator of poly ADP ribose polymerase inhibitor response. Knockdown
of TIGAR enhanced responses to olaparib in ovarian cancer cells
in vitro. Moreover, TIGAR expression is amplified and correlates
with poor overall survival in high grade serous ovarian cancer,
suggesting that TIGAR may be an important therapeutic target
for ovarian cancer. Overall, these data demonstrate that there are
multiple mechanisms that may drive poly ADP ribose polymerasel
resistance, suggesting that analysis of each individual patient may
be necessary to inform treatment strategies for these patients. Dr
Elizabeth Stover performed a near genome CRISPR/Cas9 screen in
BRCA2 mutant high grade serous ovarian cancer cell lines to iden-
tify genes that mediate survival to platinum based chemotherapy.
In this screen, overexpression of the proapoptotic genes BCL-like
1 (BCL-XL), BCL2 apoptosis regulator (BCL-2), and MCL1 apoptosis
regulator mediated resistance to platinum based chemotherapy. In
preliminary studies, antiapoptotic inhibitors against BCL-XL, MCL1,
or BCL2/BCL-XL synergized with cisplatin or paclitaxel, suggesting
that antiapoptotic targets such as BCL-XL and MCL1 may be addi-
tional therapeutic targets driving chemotherapy resistance in high
grade serous ovarian cancer. Moreover, BCL-XL, MCL1, or BCL2/
BCL-XL inhibitors also synergized with the poly ADP ribose poly-
merase inhibitor olaparib, suggesting that BCL-XL and MCL1 may
be therapeutic targets to use in combination with DNA damaging
agents.

GENOMIC INSTABILITY OF HIGH GRADE SEROUS OVARIAN
CANCER

High grade serous ovarian cancer ranks among the top cancers
with chromosome structural variants." * In addition to recurrent
mutations in TP53 and the homologous recombination pathway,
high grade serous ovarian cancer exhibits a high degree of
somatic copy number alterations. Dr James Brenton presented
work from his laboratory where they utilized copy number signa-
tures derived from whole genome sequencing of core biopsies as
a novel approach to identify mutational processes in high grade
serous ovarian cancer. Their study identified seven distinct copy
number signatures that are present in high grade serous ovarian
cancer patient specimens at the time of diagnosis. Importantly, a
copy number signature associated with oncogenic RAS signaling
(neurofibromin 1, NF1; KRAS proto-oncogene GTPase, KRAS; and
NRAS proto-oncogene GTPase, NRAS) predicts platinum resistant
relapse and poor survival in high grade serous ovarian cancer
patients. Moreover, they identified a copy number signature asso-
ciated with BRCA1/2 related homologous recombination defects
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that is associated with improved patient survival.** Their study also

reveals the majority of high grade serous ovarian cancer patients
have a mixture of copy number signatures, suggesting multiple
mutational processes may coevolve during the pathogenesis of
high grade serous ovarian cancer.** These studies reveal new
information regarding mutational processes that occur during the
evolution of high grade serous ovarian cancer and have important
therapeutic implications in the use of copy number signatures for
patient stratification to targeted therapies in high grade serous
ovarian cancer.

EMERGING AREAS WITHIN HIGH GRADE SEROUS OVARIAN
CANCER

The analysis and identification of driver non-coding somatic muta-
tions in epithelial ovarian cancer is an emerging area of research
in the ovarian cancer field. Whole genome sequencing studies
within epithelial ovarian cancer have identified thousands of
non-coding somatic mutations.”® Dr Rosario Corona presented
ongoing work in the Lawrenson laboratory analyzing non-coding
somatic mutations in epithelial ovarian cancer to distinguish
between driver and passenger non-coding mutations. They hypoth-
esized that driver non-coding mutations may localize to regulatory
elements (promoters, enhancers) of genes known to be involved
in the pathogenesis of ovarian cancer. They utilized genome wide
histone 3 methylates Lys27 (H3K27) acetylation ChlP-sequencing
of fresh primary ovarian cancer tissue samples from each major
ovarian cancer histotype combined with RNA sequencing to iden-
tify common active regulatory elements across all histotypes. They
then integrated these data with whole genome sequencing data
to identify common non-coding mutations within active regula-
tory elements in ovarian cancer. Preliminary data identify several
commonly mutated regulatory elements within each ovarian cancer
histotype, including RNA polymerase Ill subunit E (POLR3E) and
coiled-coil-helix-coiled-coil-helix (CHCHD®6) for high grade serous
ovarian cancer. Future studies are needed to further explore the
identification and validation of these novel non-coding somatic
mutation in epithelial ovarian cancer.

SUMMARY

In summary, new technologies utilizing CRISPR-CAS9 approaches
in mice, organoids, and cell based screens continue to advance
our knowledge of key molecular drivers of ovarian cancer initia-
tion, progression, and drug resistance. Poly ADP ribose polymerase
inhibitors, targeting homologous recombination defects in high
grade serous ovarian cancer, have significantly altered the clin-
ical management of ovarian cancer. However, resistance to these
agents has emerged as an important clinical challenge. The devel-
opment of predictive biomarkers for single agent poly ADP ribose
polymerase inhibitors are needed for patient stratification. Addi-
tionally, improved understanding of the mechanisms of poly ADP
ribose polymerase inhibitor resistance may lead to new therapeutic
strategies to enhance outcomes in women with high grade serous
ovarian cancer.
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Tumor microenvironment and immunology of
ovarian cancer: 12th Biennial Rivkin Center
Ovarian Cancer Research Symposium

Anirban K Mitra," Yang Yang-Hartwich?

ABSTRACT

The 12th Biennial Ovarian Cancer Research Symposium
organized by the Rivkin Center for Ovarian Cancer and

the American Association for Cancer Research held on
September 13-15, 2018 covered cutting edge and relevant
research topics in ovarian cancer biology and therapy.
Sessions included detection and prevention, genomics

and molecular mechanisms, tumor microenvironment and
immunology, novel therapeutics, and an education session.
In this article we provide an overview of the key findings
presented in the tumor microenvironment and immunology
session.

INTRODUCTION

Ovarian cancer is the most lethal gynecologic malig-
nancy and the fifth leading cause of cancer-related
deaths among women in the USA." 2 Recent devel-
opments in the field of ovarian cancer biology have
uncovered several key findings that help us under-
stand the disease better and provide us with new
directions for improving patient outcome.® Tumor
microenvironment (TME) has emerged as an impor-
tant area of interest. The TME includes the blood
vessels, fibroblasts, immune cells, extracellular matrix
(ECM), and all the signaling molecules surrounding
the tumor.* TME closely interacts with the tumor
and mediates its initiation, progression, and metas-
tasis.*™® The vital TME components have become new
therapeutic targets since they can profoundly affect
patients’ responses to treatments.” Accumulating
evidence suggests that the efficacy of chemotherapy
and the promising technique of immunotherapy can be
improved through the modulation of TME.® Therefore,
research interest in understanding the complexity and
diversity of TME has exponentially increased in recent
years. This aspect of ovarian cancer research was
well represented in the “Tumor Microenvironment and
Immunology of Ovarian Cancer’ session of the 12th
Biennial Ovarian Cancer Research Symposium.

TUMOR MICROENVIRONMENT AND IMMUNOLOGY
SESSION

The session included two invited speaker presenta-
tions followed by eight talks from selected abstracts.
The first invited talk by Dr Frances Balkwill from

Barts Cancer Institute presented her laboratory's
efforts to better understand ovarian cancer metas-
tasis by first deconstructing metastasis in patient
tumors and then developing experimental models
based on the knowledge gained to accurately study
the mechanism of regulation of metastatic coloniza-
tion of the omentum. Using biopsies of metastasis
from high-grade serous ovarian cancer (HGSOC)
patients representing a spectrum of disease progres-
sion from marginal to aggressive, they profiled the
dynamic interactions and changes in the tumor
and stroma as the metastasis progressed. Exten-
sive studies were performed using the same biopsy
samples including gene expression, matrisome, ECM
organization, biomechanical properties, cytokine/
chemokine levels, and cellular profiles. The matri-
some in humans consists of about 300 proteins that
form the ECM, growth factors associated with the
ECM, proteases and other ECM-modifying enzymes,
and other ECM-associated proteins.® Changes in the
matrisome was a key feature identified, which could
be correlated with prognosis and immune cell signa-
tures that can themselves affect patient outcome.
Through the reorganization of fibrillar collagens and
the expression of glycoproteins and proteoglycans,
the matrisome signature also determined the stiff-
ness of the tumors. Moreover, there was a strong
association between the number of o.-smooth muscle
actin and oc-fibroblast-activated protein (FAP)-positive
cancer associated fibroblasts (CAFs) and metastasis
progression. Combining multiple different types of
analysis on the same biopsies, and utilizing biopsies
from patients exhibiting different extents of meta-
static tumor progression, Dr Balkwill’s group provided
a comprehensive picture of the process. This compli-
ments the data from primary tumors provided by The
Cancer Genome Atlas Program and can effectively
form a platform for launching detailed studies deci-
phering the mechanism of metastatic progression in
HGSOC as well as provide novel therapeutic targets to
treat metastasis.

Dr Balkwill proceeded to describe her group’s
efforts to reconstruct the omentum in a petri dish to
provide effective models to further study the mecha-
nisms of the key factors identified by their multi-pa-
rameter analysis of ovarian cancer metastasis. Using
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HGSOC cells, fibroblasts, and adipocytes embedded in a collagen |
gel, her group has developed tri-cultures representing the omental
metastasis. Similarly, they have generated a quadri-culture model
by including omental mesothelial cells. These models have been
characterized for the expression of the matrix proteins identified
in the deconstruction experiments, and transforming growth factor
beta (TGF-B) was found to be a regulator of five of the six matrix
molecules identified in the matrisome signature. Dr Balkwill also
presented their characterization of mouse HGSOC models and
presented data pointing towards the similarities in the ECM and
immune subsets in the mouse and human tumors. Taken together,
the models presented provide unique opportunities to study detailed
mechanisms of metastatic colonization as well as drug discovery.

In the next invited talk, Dr Ernst Lengyel from the University of
Chicago reported his group’s recent findings on the role of cancer/
testis antigen 45 (CT45) in increasing chemosensitivity of ovarian
tumors. To study the role of the metastatic tumor proteome on
the HGSOC patient outcome following chemotherapy, his group
collaborated with Matthias Mann from the Max Planck Institute
of Biochemistry. They developed a high-sensitivity, label-free
proteomic mass spectrometry-based work-flow to analyze the
proteome from formalin-fixed paraffin-embedded (FFPE) tumors.
Using this approach they quantified more than 9000 proteins in
chemosensitive and chemoresistant tumors. CT45 was the most
upregulated in the chemosensitive tumors. It was found to affect
DNA damage repair pathways by regulating protein phosphatase
4. The expression of CT45 is suppressed in the normal ovary by
DNA methylation and is significantly upregulated in ovarian tumors
through the loss of methylation. By combining immunopeptidomics
and mass spectrometry, Dr Lengyel identified the role of CT45 as
a cancer antigen presented on human leucocyte antigen class |
receptors. These CT45 peptides were found to be potent in acti-
vating patient-derived cytotoxic T cells and inducing cancer cell
killing. This novel comprehensive proteomics strategy incorporating
proteome quantification, phosphoproteomics, interactome studies,
and immunopeptidomics was effective in analyzing achieved FFPE
tumor samples and identifying a unique biomarker, which is partic-
ularly relevant to long-term patient survival and immunotherapy.

Dr Lengyel also described the reciprocal signaling between CAFs
and ovarian cancer cells identified by quantitative label-free mass
spectrometry-based phosphoproteomics in co-cultures of CAFs
and ovarian cancer cells. His group had previously shown that the
metastasizing ovarian cancer cells utilized lipids released from
the adipocytes in the omentum to drive their growth. His present
findings demonstrate that the reciprocal signaling between CAFs
and the cancer cells help the cancer cells switch their metabo-
lism towards utilizing glycogen once the fat reserves are depleted.
The activation of p38 mitogen-activated protein kinase signaling in
the CAFs by the cancer cells resulted in the increased secretion of
the cytokines interleukin 6 (IL-6), C-X-C motif chemokine ligand 10
(CXCL10), and C-C motif chemokine ligand 5 (CCL5). The secreted
cytokines activated glycogenolysis in the cancer cells in a paracrine
manner by activating phosphoglucomutase 1. Glycogen phosphor-
ylase inhibition reduced metastasis in mice indicating that blocking
glycogen mobilization could be a potentially effective therapeutic
strategy to treat metastasis.

Dr Laurie Ailles from the University of Toronto presented her
group’s recent findings on the differential gene expression profiles
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of ovarian cancer CAFs and cancer cells. CAFs could be subdivided
into two groups based on the expression levels of FAP. FAP high and
FAP low CAFs had distinct transcriptional programs, and analysis
of The Cancer Genome Atlas data demonstrated a shorter progres-
sion-free and overall survival in FAP high patients. FAP high CAFs
were functionally distinct from FAP low CAFs, with the FAP high
CAFs having a greater ability to promote cancer cell invasion in
vitro and tumor growth in mice. It would be interesting to analyze
the matrisome signature described by Dr Balkwill in these FAP high
and FAP low CAFs. The heterogeneity and potential functions of the
subsets of CAFs would be relevant in future strategies involving
targeting of the tumor stroma. Dr Katherine Fuh from Washington
University presented her group’s findings on the role of discoidin
domain receptor 2 (DDR2) expression in fibroblasts in promoting
ovarian cancer metastasis. Inhibition or silencing DDR2 in fibro-
blasts decreased cancer invasion and mesothelial cell clearance
as well as decreased collagen staining (trichrome) intensity and
quantity in tumors. This suggests the possibility of targeting the
stromal DDR2 as a potential therapeutic option, and again calls
for the analysis of the secretome of the fibroblasts and the cancer
cells regulated by DDR2. Dr Sara Zanivan from the University of
Glasgow reported the role of oxidoreductase chloride intracellular
channel protein 3 (CLIC3) as a secreted factor and key contributor
of tumor-stromal interaction. Through the mass spectrometry-pro-
teomic comparative analysis of CAFs and their normal counterparts,
CLIC3 was identified as the most upregulated and the most depos-
ited in ECM. Further analysis revealed that the abundant CLIC3 in
tumors was secreted by both stromal and cancer cells and could
activate tissue transgutaminase-2 to promote blood vessel growth
and increase tumor invasiveness. Their findings suggest a new
mechanism of TME factor-mediated tumor invasion.

Understanding the complexity and diversity of immune cells
in the TME has become critical for maximizing the clinical bene-
fits from immunotherapy. Dr Alan D’Andrea’s group at Harvard
Medical School applied a novel high-multiplex tissue cyclic immu-
nofluorescence (t-CyclF) platform to understanding the dynamics
between DNA damage in cancer cells and the immune context in
HGSOC TME. This platform quantifies the expression of 60 antigens
at single cell resolution. Data from over 10° cells showed distinct
cell compositions in the TME of BRCA1/2 mutant and homologous
recombination wild-type HGSOCs. On one hand, tumors with high
programmed cell death protein 1 (PD-1) and its ligand (PD-L1)
expression have high infiltration of CD1c+dendritic cells, which
indicates the suppression of antigen presenting pathway and that
these tumors are likely to respond to immune checkpoint blockade.
Conversely, a subset of tumors with high levels of DNA damage show
active interferon signaling and high CD8+ cytotoxic T-cell infiltration
suggesting an immunogenic phenotype in this subset of HGSOCs.
The application of new technologies like t-CyclF will contribute to
the development of rational combination therapies and predictive
biomarkers for DNA damaging agents and immune checkpoint
blockade. Dr Pamela Kreeger’s group at the University of Wiscon-
sin-Madison analyzed the secretome of macrophages and identified
fms-related tyrosine kinase 3 ligand, heparin-binding epidermal
growth factor, IL-6, IL-8, and leptin to be associated with tumor
spheroid spreading in a macrophage-HGSOC spheroid co-culture
using a 35-cytokine-multiplex assay. Although each ovarian cancer
cell line (eg, OVCAR3, OVCA433, and 0V90) responded to a different
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set of cytokines secreted by macrophages, they utilized a common
signaling pathway to regulate spheroid spreading, which is the
Janus kinase 2/signal transducers and activators of transcription
3 (JAK2/STAT3) activation leading to matrix metallopeptidase-9
(MMP-9)-promoted tumor spreading. These findings suggest that
multiple macrophage-secreted factors drive the tumor metastasis
in HGSOC patients. However, they may share the same downstream
signaling pathways, such as JAK2/STAT3/MMP-9. The identification
of this molecular mechanism indicates the possibility of controlling
tumor metastasis in a broad group of patients by targeting the main
common signaling pathways for macrophage-tumor interaction. Dr
Ronny Drapkin’s group at the University of Pennsylvania revealed
the role of ring finger protein 20 (RNF20)/histone H2B monoubig-
uitylation (H2Bub1) loss as an early event in HGSOC that modulate
the immune signaling pathways during tumor initiation. H2Bub1 is
an epigenetic regulator and tumor suppressor that is lost in serous
tubal intraepithelial carcinomas (STICs) and HGSOCs. Ubiquitin
ligase RNF20 catalyzes H2Bub1. Their data demonstrated that the
inhibition of RNF20 altered immune signaling pathways and led to
increased cell migration and clonogenic growth. The loss of RNF20/
H2Bub1 functions is possibly responsible for the early oncogenic
phenotype in STICs.

Angiogenesis is another important therapeutic target in the
TME. Dr Anil Sood’s group in the University of Texas MD Anderson
Cancer Center identified a new target for overcoming the resistance
to anti-angiogenic therapy. p130cas (Crk-associated substrate)
is a central regulator of focal adhesion kinase (FAK)/Src-medi-
ated angiogenesis. Their data showed that p130cas was highly
expressed in the tumor-associated vascular endothelium. Ablation
of p130cas gene or inhibition of its expression in mouse models of
ovarian cancer increased the sensitivity to anti-vascular endothe-
lial growth factor antibody treatment and inhibited tumor growth
through autophagy-regulated cell death in endothelial cells. They
have generated nanoparticle-delivered peptide antagonist to
p130cas as a targeted therapeutic agent. The antagonist’s clinical
efficacy and mechanism of action are under evaluation.

It is also very exciting that new imaging technologies have been
applied to the quantitative assessment of the architectural features
in the TME of ovarian cancer. Dr Paul Campagnola’s group at the
University of Wisconsin-Madison used collagen-specific sensitive
second harmonic generation imaging microscopy, 3D texture anal-
ysis, and machine learning to extract textural features and build
models of the ECM in the ovarian cancer TME. They generated
models for normal stroma, high-risk stroma, benign tumor, high-
grade serous, low-grade serous, and endometroid carcinoma. By
examining the collagen alterations, they developed quantitative
biomarkers for assessing the increased collagen concentration and
the changes of alignment of collagen molecules within fibrils and
fibers. Their data indicate that combining macro/supramolecular
probes and the fiber morphology classification improves our under-
standing of TME evolution in ovarian cancer and the role of ECM
alteration in disease etiology. This novel approach has the potential
to be developed into new prognostic and diagnostic methods.

The poster session included very interesting presentations
covering epigenetic modulators, non-coding RNAs, tumor immu-
nology, in vitro models, cancer stem cells, novel therapeutics, and
so on. Coffman reported that ovarian cancer cells mediate EZH2
induction and epigenetic reprogramming to convert mesenchymal

stem cells into carcinoma-associated mesenchymal stem cells.
Zhang demonstrated that a combination of histone deacetylase
6 inhibition with PD-L1 checkpoint blockade could be a potential
strategy to treat ARID1A-mutated clear cell ovarian cancer. Inhi-
bition of nuclear factor-xB activity in macrophages and potentially
other cells in the ovarian TME was shown to inhibit tumor progres-
sion by Yull. Other studies included association of decreased let-7
with stemness, the role of long non-coding RNAs in metabolism,
autophagy, or immune response, and a glycosylation-dependent
mechanism involving Sox2 that drives a cancer stem cell pheno-
type. Posters covering tumor immunology demonstrated that the
inositol-requiring enzyme 1/Xbox binding protein 1 arm of the
endoplasmic reticulum stress response pathway in dendritic cells
was necessary for accelerated ovarian cancer progression, that
neuropilin-1 promotes survival and suppressive function of Tre ,and
included a study providing new insights into the metabolic path-
ways that regulate T cell anti-tumor responses in ovarian cancer.
Another study demonstrated that ovarian cancer patient monocytes
are more tumoricidal when cultured with interferons than mono-
cytes from matched controls, supporting a novel, innate, immune-
based approach to immunotherapy of ovarian cancer.

In vitro models were represented by a 3D cell culture model for
predicting the response to standard carbo-taxol chemotherapy,
a 3D perfused bioreactor that allows the study of tumor biology
and anti-tumor drug testing under physiological conditions, and
models mimicking shear forces to improve our fundamental
understanding of peritoneal metastasis and mechanotransduc-
tion. Therapeutics targeting ovarian cancer included the use of
myxoma virus (MYXV) as a poxvirus that synergized with chemo-
therapy, aldehyde dehydrogenase 1A inhibitors increased LKB1
phosphorylation leading to AMP-activated protein kinase a phos-
phorylation. McLean showed that the combination of inhibiting
IL-6/LIF signaling with ruxolitinib with anti-estrogen therapy
resulted in a synergistic decrease in ovarian cancer tumor cell
viability. A new two-step targeting approach was presented
that introduces non-natural targets (azide functional groups) in
the tumors followed by the delivery of drug-loaded polymeric
nanoparticles that are surface modified to have high affinity for
these synthetic targets. Other pathways covered in the abstract
session included apelin/APJ pathway in omental metastasis, role
of TGFPR1/protein kinase Co/Twist1 signaling pathway in ovarian
cancer metastasis, and the induction of insulin-like growth factor
signaling by follicular fluid in fimbrial cells causing stemness,
clonal expansion, and transformation. Yang-Hartwich presented
data supporting the role of mutant p53 in promoting the initiation
of HGSOC from fallopian tube precursors, while Rankin demon-
strated that tumor-associated mesothelial cells promoted tumor
invasion by increasing collagen deposition and remodeling.

CONCLUSIONS

The TME contributes to the ‘hallmarks’ of cancer and also shapes
therapeutic responses and chemoresistance.* 8 ' It provides
potential prognostic markers and therapeutic opportunities.
Significant advances have been made in our understanding
of the various components of the TME, including the cellular
and acellular constituents. The 12th Biennial Ovarian Cancer
Research Symposium reflected the increasing interest in the
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TME of ovarian cancer and provided an excellent overview of
the cutting-edge research going on in the ovarian cancer TME
field, which provides renewed hope for our collective efforts to
understand and eventually cure ovarian cancer. The identifica-
tion of targetable molecular and cellular components in the TME
will lead to the development of combination therapies that can
simultaneously modulate TME and eliminate cancer cells to treat
ovarian cancer more efficiently and effectively."" The new break-
throughs in the field of ovarian cancer TME that were presented
at this meeting are leading the way in our fight against this
deadly disease.
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Novel therapeutics: response and resistance

in ovarian cancer

Dmitriy Zamarin

ABSTRACT

Here we review the latest pre-clinical and clinical
developments for treatment of ovarian cancer, presented
at the American Association of Cancer Research/Rivkin
Center Ovarian Cancer Research Symposium held at the
University of Washington in September 2018. Abstracts
and presentations pertaining to the 'Novel Therapeutics'
session were reviewed and are summarized here. The
session featured a keynote presentation from Dr Ursula
Matulonis, who summarized the current state of the art
of treatment of ovarian cancer, including recent clinical
trials incorporating the use of novel agents, including
poly-ADP-ribose polymerase (PARP) inhibitors, other
DNA-damaging agents, vascular endothelial growth
factor receptor inhibitors, mirvetuximab soravtansine,
and immune checkpoint blockade. Dr Jung-Min Lee
then summarized the rationale and the results of early
studies for targeting cell cycle checkpoint kinases for
anti-cancer therapy. Eight submissions were selected
for oral presentations, and 36 abstracts were presented
as posters. The topics covered a range of clinical

and pre-clinical strategies and biomarkers, including
immunotherapy, mechanisms of chemotherapy, and
PARP inhibitor resistance, DNA-damaging agents,

and other novel therapeutic strategies. Key studies
have highlighted that resistance to chemotherapy and
PARP inhibitors remain a major challenge in therapy

of ovarian cancer. Cancer stem cells represent an
important mechanism of chemoresistance and strategies
to target these cells may be a pathway to prevention

of ovarian cancer relapse. Advancement of novel
therapeutics targeting DNA damage, cell metabolism,
and endoplasmic reticulum present some of the novel
strategies in the pipeline. Emerging compelling pre-
clinical data with novel antibody-drug conjugates
targeting various surface receptors in ovarian cancer
alone and in combination with immune checkpoint
blockade generate a strong enthusiasm for rapid
translation of these strategies to clinic.

INTRODUCTION

Since the last symposium in 2016, we have seen
a series of developments in ovarian cancer, with
approval of several poly-ADP-ribose polymerase
(PARP) inhibitors in different treatment settings
as well new clinical trials using agents targeting
DNA repair, oncogenic pathways, and the immune
system. The Novel Therapeutics session focused on
the studies that aim to delineate the mechanisms of

resistance to existing agents, identify novel targets,
and develop new treatment combinations.

CURRENT STATE OF THERAPY OF OVARIAN
CANCER AND NOVEL COMBINATIONS IN CLINICAL
TRIALS

Dr Ursula Matulonis gave a keynote lecture in this
session, summarizing the state of the art of treatment
of ovarian cancer and the results of recent clinical
trials. Given the advances with PARP inhibitor devel-
opment in ovarian cancer, she highlighted the multiple
ongoing trials using PARP inhibitors in combination
with other agents. These include PARP inhibitors in
combination with agents targeting other mecha-
nisms of homologous DNA repair, vascular endothelial
growth factor and vascular endothelial growth factor
receptor inhibitors, such as cediranib and bevaci-
zumab, phosphatidylinositol-3-kinase inhibitors, and
programmed cell death protein 1 (PD-1) inhibitors,
some of which have demonstrated signals of activity
in early clinical trials.” She further summarized
clinical data with folate receptor-targeting antibody
drug conjugate mirvetuximab soravtansine, with a
single agent response rate of 39% in non-heavily
pre-treated patients.* Combinations of mirvetuximab
soravtansine with other agents, such as pembroli-
zumab, chemotherapy, and bevacizumab are ongoing.
The responses appear to be enriched in the patients
with medium/high folate receptor o expression, which
will serve as a biomarker for future patient selection.

TARGETING CELL CYCLE CHECKPOINTS AND DNA
REPAIR MECHANISMS

Cell cycle checkpoint kinases represent another
target for therapy in ovarian cancer, particularly those
cancers not carrying inactivating BRCA mutations. Dr
Jung-Min Lee summarized the pre-clinical data and
early clinical data behind prexasertib, an inhibitor of
checkpoint kinase 1/2 in non-BRCA-mutant ovarian
cancer. In pre-clinical models, the drug demonstrates
synergistic activity when used in combination with
olaparib in non-BRCA-mutant cell lines, probably
through inhibition of RAD51-mediated homologous
DNA repair.® A phase /Il trial in 28 patients with
advanced platinum-resistant  non-BRCA-mutant
ovarian cancer demonstrated a promising response
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rate of 33%.° Grade 3/4 neutropenia was the most common adverse
event, which interestingly was transient. Dr Lee further discussed
other ongoing studies targeting DNA checkpoints alone or in combi-
nation, including combinations of checkpoint kinase 1 inhibitor and
mammalian target of rapamycin inhibitors, and checkpoint kinase
1 inhibitors with PARP inhibitors, which are ongoing. Finally, she
presented early clinical data with combinations of carboplatin with
Wee1 inhibitors, demonstrating a promising response rate of 43%
with 5.3 months' median progression-free survival.

PARP INHIBITORS: RECENT FINDINGS, MECHANISMS OF
RESISTANCE, AND NOVEL COMBINATIONS

Dr Kathleen Moore and colleagues presented results of the
QUADRA study, which evaluated single agent niraparib at 300 mg
daily in patients with high-grade serous ovarian cancer and three
or more prior lines of therapy. A total of 463 patients were treated
in the study and the results were assessed according to platinum
sensitivity, BRCA status, and homologous recombination deficiency
status. In 456 patients with measurable disease, the disease control
rate was 49%. In the primary efficacy population, defined as homol-
ogous recombination deficiency positive, the overall response rate
was 29%, with a disease control rate of 71%. The most commonly
observed grade 3 and higher adverse events were anemia (26.3%)
and thrombocytopenia (20.5%). Niraparib thus demonstrated
promising activity in this heavily pre-treated population, including
platinum-resistant patients and some non-BRCA-mutant patients
(NT-101).

Despite the promising response rate, this trial highlights the
sad reality that PARP inhibition is not an option for the majority
of patients, particularly those with platinum-resistant disease and
BRCA wild-type status. Identification of biomarkers of primary and
acquired resistance and strategies to minimize toxicity thus remain
a high priority for further development of this class of agents.

Nanoparticles present an innovative and attractive strategy
for drug delivery to tumors as a means of minimizing systemic
toxicity.” Dr Paige Baldwin and colleagues explored nanoparticle
encapsulation of talazoparib, followed by intraperitoneal delivery, to
minimize systemic toxicities of PARP inhibition. The resultant drug
formulation was more efficient in suppressing tumor growth than
the parental drug, with no obvious signs of toxicity (NT-87).

A number of studies uncovered several new mechanisms of
PARP inhibitor resistance.® Dr Neil Johnson presented an oral
abstract describing a novel mechanism responsible for acquired
PARP inhibitor resistance. BRCA1 mutations in the BRCA1 C-ter-
minal domain normally lead to protein misfolding and degradation,
promoting sensitivity to PARP inhibitors. Dr Johnson and colleagues
have uncovered a mechanism, whereby retention of intron in a
BRCA1 gene containing mutation in the BRCT domain results in
intron translation and loss of BRCA1 C-terminal domain. This led
to robust BRCA1 C-terminal expression and resistance to chemo-
therapy. Dr Lu Liu and colleagues demonstrated that short-term
and chronic PARP inhibition can drive aldehyde dehydrogenase 1A1
expression, thus conferring stemness to the cancer cells,” which
eventually drives adaptive resistance to PARP inhibitors (NT-100).
Finally, Dr Anniina Farkkild used in vitro exposure to PARP inhibi-
tors to characterize the mechanisms of PARP inhibitor resistance
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in BRCA1 mutant cells. The resultant resistance to PARP inhibitors
was mediated by several mechanisms in different clones, high-
lighting the potential for heterogeneity in resistance on PARPi treat-
ment (NT-92).

With identification of PARP inhibitor resistance mechanisms
comes the rationale for combination therapies to overcome the
resistance. Dr Marilyne Labrie and colleagues implemented a
"window of opportunity" trial to study adaptive resistance to PARP
inhibitors. Using reverse- phase protein array analysis, measuring
the expression of over 300 proteins in pre- and post-treatment
samples, the authors were able to develop an algorithm that could
suggest potential combination partners for PARP inhibition in
specific patients (NT-098).

Targeting DNA damage through several targets is a rational strategy
to overcome PARP inhibitor resistance.'® Dr Erin George presented
an oral abstract on the potential utility of ataxia telangiectasia and
Rad3-related protein (ATR) inhibitors in combination with PARP inhib-
itors. They identified constitutive activation of the ATR/checkpoint
kinase 1 pathway in PARP inhibitor and carboplatin-resistant cell
lines. Treatment of such cell lines with an ATR inhibitor in combina-
tion with an ataxia-telangiectasia mutated inhibitor was synergistic
both in vitro and in vivo. Interestingly, this approach was also effective
in CCNE-amplified tumors, which are known to be highly resistant
to therapy. Dr Anne Steino and colleagues have explored VAL-083
as a strategy to overcome platinum and PARP resistance. VAL-083
is a first-in-class DNA-damaging agent, which induces inter-strand
DNA crosslinks leading to double-stranded DNA breaks. The authors
examined VAL-083 in combination with PARP inhibitors both in homol-
ogous recombination-proficient and homologous recombination-defi-
cient cell lines and demonstrated synergistic activity in both settings
(NT-109). Dr Ludmila Szabova and colleagues evaluated another
example of a DNA-damaging agent—non-camptothecin topoisom-
erase | inhibitors—in ovarian cancer. BRCA1/2- and PALB2-deficient
cell lines were highly sensitive to the new compounds. Moreover,
combination between the new compounds and olaparib was syner-
gistic (NT-110). Dr Amber Yasmeen and colleagues explored poly-
ADP-ribose glycohydrolase (PARG) as a potential strategy to sensitize
ovarian cancer cells to DNA-damaging agents. PARG is responsible for
poly-ADP-ribose catabolism which is synthesized by PARP!" Faulty
poly-ADP-ribose formation or disintegration inhibits single-strand
break repair. The authors demonstrate that PARG is expressed in 30%
of ovarian cancers in The Cancer Genome Atlas. Inhibition of PARG
in ovarian cancer cell lines resulted in reduced cellular proliferation
and migration and sensitized the cells to PARP inhibitors and cisplatin
(NT-117). Dr Rashid Gabbasov and colleagues focused on targeting
heat shock protein 90, which plays a role in mediating maturation and
stability of several key proteins required for DNA damage response.'?
They demonstrate that targeted inhibition of heat shock protein 90
with ganetespib sensitizes BRCA1-null cell lines to the effects of tala-
zoparib (NT-094).

A number of studies looked at other signaling pathways that might
be targeted in combination with PARP inhibition. Dr Alicia Beegh-
ly-Fadiel and colleagues have demonstrated that nuclear orphan
receptor NR4A1/TR3 plays an important pro-growth and pro-survival
role in ovarian cancer."* " Inhibition of NR4A1 using a chemical antag-
onist or small interfering RNA knockdown resulted in tumor growth
inhibition, and was synergistic with PARP inhibitor therapy (NT-88).
Dr Takeshi Fukumoto and colleagues have shown that up-regulation
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of Wnt/B-catenin pathway in BRCA-mutant cancer cells results in
PARP resistance.' Interestingly, activation of the Wnt pathway was
secondary to N6-methyladenosine modification of FZD10 mRNA. PAPR
inhibition and Wnt/B-catenin inhibitor showed synergistic suppression
of growth of PARP inhibitor-resistant cancer both in vitroand in vivoin
a xenograft ovarian cancer mouse model (NT-93).

OVERCOMING CHEMOTHERAPY RESISTANGE

A number of studies have focused on the mechanisms of resistance
to chemotherapy and potential strategies to overcome it. Dr Wa Xian
and colleagues used ovarian cancer resection specimens to generate
libraries of ovarian cancer stem cells. The authors showed that while
the majority of these cells are killed by chemotherapy, a number of
clones are resistant to treatment. The resistant clones were char-
acterized by a gene expression profile that was distinct from that
of the sensitive clones. A broad screen of small molecules against
the resistant clones proved that these cells are also resistant to
other chemotherapy drugs. However, a number of compounds were
either directly cytotoxic or cytotoxic in combination with paclitaxel,
presenting a potential strategy to eliminate the resistant clones with
upfront therapy and prevent cancer recurrence (NT-115). Dr Allison
Sharrow and colleagues explored ovarian cancer stem cells as a
potential mechanism of chemotherapy resistance.® Using aldehyde
dehydrogenase 1 (ALDH1) as a marker of stemness in ovarian cancer
cell lines, they demonstrated the increased resistance of populations
with high levels of ALDH1 to chemotherapy. The authors further used
gene expression analyses in these populations and identified several
up-regulated pathways, including mTOR, FGF18, and CD47, which
could be explored therapeutically (NT-107). In support of these find-
ings, Dr Nuzhat Ahmed presented an oral abstract summarizing a
proteomic analysis of chemo-naive and chemo-experienced ovarian
cancer cells isolated from patients, demonstrating that chemotherapy
results in enrichment of markers of cancer stem cells as well as alter-
ations in pathways involved in DNA repair, immune recognition, cell
cycle, and metabolism. This study provided important findings about
potential mechanisms of chemotherapy resistance that may lead to a
relapse in ovarian cancer and generated a rationale for potential novel
combinations.

DrAlex Cole and colleagues presented an oral abstract summarizing
data on a new mechanism of chemotherapy resistance mediated by
nuclear factor of activated T cells 3 (NFAT3), which is over-expressed
in cancer stem cells."® They showed that over-expression of NFAT3
promotes quiescent phenotype with GO arrest. While in vivothis results
in tumor growth arrest, it also leads to chemoresistance. These data
thus highlight the possibility that NFAT3 might be a potential mech-
anism of chemotherapy targeting and presents an attractive thera-
peutic target to be used in combination with chemotherapy.

Tumor hypoxia results in a number of biologic changes in the tumor
cells and microenvironment.'” Dr Andrea Nieto-Veloza demonstrated
that chemical induction of hypoxia in ovarian cancer cell line results
in paclitaxel resistance, although no effect is seen on sensitivity to
cisplatin (NT-102). These findings highlight that hypoxia-mediated
chemotherapy resistance does not occur with all agents.

Several groups employed new compounds in combination with
chemotherapy as potential chemotherapy sensitizers. Dr Amber
Yasmeen and colleagues explored whether differential sequencing of

PARP inhibitors and chemotherapy might improve efficacy. Regard-
less of BRCA mutational status, exposure to PARP inhibition before
chemotherapy resulted in efficient induction of apoptosis in vitro
(NT-118). Dr Vermont Dia presented a potential strategy to overcome
chemoresistance induced by transforming growth factor B1 using
BG-4. BG-4 is a bioactive peptide isolated from the seeds of Momor-
dica charantia and exhibits anti-cancer properties.'® While addition
of transforming growth factor B1 to ovarian cancer cell lines in the
presence of paclitaxel and cisplatin resulted in chemotherapy resis-
tance, the resistance was ameliorated by addition of BG-4. This was
accompanied by reversal of transforming growth factor $1-induced
epithelial to mesenchymal transition, suggesting a possible mecha-
nism of BG-4 action (NT-91). Dr John Giannios presented a strategy
of targeting chemoresistant ovarian cancer cells through the use of
paired guide RNAs targeting microRNA-221/222, which are known to
inhibit apoptosis.'® By encapsulating paired guide RNAs into pegylated
nanosomes tagged with anti-EphA2 antibodies, the authors were able
to deliver the RNAs into EphA2-expressing ovarian cancer cells. This
strategy led to inhibition of microRNA-221/222 biogenesis and down-
stream pathways, resulting in reversal of chemoresistance (NT-95).

TARGETING ENDOPLASMIC RETICULUM STRESS PATHWAY

Cancer cells are characterized by endoplasmic reticulum stress and
unfolded protein response, which contributes to cancer cell survival
and resistance to stress caused by chemotherapy, hypoxia, and
nutrient deprivation.”? Dr Carlos Telleria and colleagues explored
endoplasmic reticulum stress as a potential mechanism to target
ovarian cancer cells. Treatment with anti-progestin mifepristone or
HIV protease inhibitor induced endoplasmic reticulum stress in ovarian
cancer cell lines. Combination of these drugs with the proteasome
inhibitor bortezomib resulted in enhanced ovarian cancer cell death
(NT-111). Similarly, Dr Yang Yang-Hartwich and colleagues explored
the unfolded protein response pathway as a potential target for over-
coming chemoresistance in ovarian cancer. Using a novel sulfonamide
SF-Y3, the authors demonstrated inhibition of proliferation and induc-
tion of apoptosis in ovarian cancer cells. This effect was primarily seen
in cancer cells with high levels of Bip1, a key chaperone protein in the
endoplasmic reticulum, implicating its role in SF-Y3-induced unfolded
protein response (NT-116).

TARGETING METABOLIC PATHWAYS

Advances in understanding of metabolism and biosynthetic pathway
alterations in cancer cells are the rationale for selective targeting of
these pathways as a means to improve the efficacy of standard ther-
apies. Dr Adegbite Emmanuel and colleagues revealed preliminary
results of in silico screening of inhibitors of lactate dehydrogenase,
which plays a role in ovarian cancer metabolism?' (NT-86). Dr Manish
Patankar and colleagues explored the use of oxidative phosphoryl-
ation inhibitors in ovarian cancer, given the mounting evidence that
the mitochondrial pathway can also contribute to cancer cell metabo-
lism. They showed that atovaquone is an efficient inhibitor of electron
transport in ovarian cancer cells and leads to tumor growth inhibition
in an ID8 tumor model. The authors highlighted several mechanisms
of action of atovaquone, including production of free radicals and
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inhibition of ion transport resulting in loss of mitochondrial membrane
potential (NT-103).

ANTIBODY DRUG CONJUGATES

Targeting of ovarian cancer surface molecules using antibody drug
conjugates is a viable therapeutic strategy, best supported by the
initial data from the phase | trial of mirvetuximab soravtansine, a
folate receptor-targeting antibody drug conjugate, which demon-
strated a 26% response rate in a heavily pre-treated patient popu-
lation and a 39% response rate in patients with three or fewer lines
of therapy. This generates a strong rationale for evaluation of anal-
ogous strategies targeting other surface molecules and for further
optimization of folate receptor o targeting. Dr Venita De Aimeida
presented pre-clinical data with STR0-002, a novel antibody drug
conjugate targeting folate receptor o, which was optimized by
selection of the antibody, drug linker, conjugation site, and drug—
antibody ratio that conferred the best pharmacological properties.
The resultant drug exhibited high potency in vitro and in vivo, while
exhibiting a high safety profile in toxicology studies (NT-90). Dr
Chunsheng Li and colleagues presented an antibody drug conju-
gate strategy targeting CD248, which is expressed by over 90%
of ovarian cancers. In pre-clinical models, the antibody was cyto-
toxic to cancer cells both in vitro and in vivo and induced infiltration
of lymphocytes into tumors, highlighting a potential dual mecha-
nism of action of this strategy with rationale for combination with
immune checkpoint blockade (NT-99). Finally, Dr Wolf Wiedemeyer
and colleagues explored SC-003, another antibody drug conjugate
targeting dipeptidase 3. By screening a patient-derived xenograft
bank of ovarian cancers, the authors identified dipeptidase 3 as a
common target in tumor-initiating cells. Treatment of dipeptidase 3
+ patient-derived xenograft models with SC-003 resulted in effi-
cient tumor regression. By using dipeptidase 3-expressing synge-
neic mouse cells, the authors further showed that such a strategy
can synergize with systemic programmed cell death protein 1
(PD-1) blockade (NT-113).

IMMUNOTHERAPY

Treatment with immune checkpoint blockade has been evaluated
in epithelial ovarian cancer, but with disappointing response rates
to date.?>® These findings necessitate the development of rational
combinations and identification of biomarkers that might predict
response to PD-1/PD-L1 blockade. Dr Dmitriy Zamarin presented
an oral abstract discussing the results of a phase Il clinical trial
evaluating the use of the PD-L1 inhibitor durvalumab in combination
with folate receptor o vaccine TPIV200 in 27 patients with heavily
pre-treated platinum resistant/refractory ovarian cancer. While
the overall response rate was 4%, similar to previously observed
results with single agent PD-1/PD-L1 inhibitors, the study demon-
strated a median overall survival of 21 months, which is better
than the expected overall survival of <1 year in this patient popula-
tion.?® There was evidence of potentially enhanced clinical benefit
from subsequent chemotherapy in the patients after completion of
immunotherapy, highlighting the rationale for the use of chemo-
therapy in combination with immune checkpoint blockade in this
patient population. Dr Denise Cecile presented pre-clinical findings
of insulin growth factor binding protein 2 vaccine in ID8-luciferase
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tumor models. The authors also employed a new method of anti-
tumor assessment using multi-view multi-spectral imaging,
allowing for more accurate tumor volume assessment. The study
was able to demonstrate heterogeneity in metastatic tumor distri-
bution and response, suggesting that this strategy may be a useful
tool for evaluation of inter-tumoral heterogeneity in animal models.

OTHER THERAPEUTIC STRATEGIES

A number of abstracts discussed other novel targets and thera-
peutic modalities with potential application to ovarian cancer. Dr
Karen Levy presented an oral abstract discussing pre-clinical data
behind the use of a new radiation approach termed FLASH, which
consists of short pulses of ultra-high dose radiation given in a single
fraction.?” In a peritoneal model of ID8 ovarian cancer, this approach
was effective in controlling tumors, while having no significant
toxicity in comparison with conventional radiation. Dr Varatharasa
Thiviyanathan and colleagues developed single-stranded nucleic
acid aptamers with ability to recognize and bind ovarian cancer
endothelial cells through annexin A2. Using this technology, the
authors made an RNA/DNA nanoparticle capable of delivering doxo-
rubicin to cancer cells in animal models. This strategy presents a
potential mechanism for delivering drugs directly to the tumors
while avoiding systemic toxicity (NT-112).

Several studies focused on the alterations common to high-grade
serous ovarian cancer and other histologies. Missense mutations in
p53 are the most common genetic alterations in ovarian cancer.?®
Dr Satish Kumar Ramraj and colleagues used the p53 reactivator
drug PRIMA-1YE" in combination with SHetA2, a small molecule
that inhibits mortalin (mitochondrial heat shock protein 70).%
The combination was synergistic in ovarian cancer cell lines with
mutant and wild-type p53 and showed additive activity in p53-null
cell lines (NT-104).

Clear cell carcinoma of the ovary represents a highly chemo-
resistant sub-type of ovarian carcinoma and frequently harbors
mutations in ARID1A.%° Dr Shogo Shigeta and colleagues performed
small interfering RNA screens against two ovarian clear cell carci-
noma cell lines. A number of genes were identified as potential
targets, including bromodomain BET family proteins BRD2 and
BRD3. Knockdown of these proteins using RNA interference resulted
in tumor growth inhibition (NT-108). Dr Shuai Wu and colleagues
explored the mechanisms of acquired resistance to enhancer of
zeste homolog 2 (EZH2) inhibition. In ARID1A-mutated cancer cells,
the switch of the SWI/SNF catalytic sub-unit from SMARCA4 to
SMARCA2 was the primary mechanism of resistance, leading to
induction of anti-apoptotic genes such as BCL2. Use of BCL2 inhib-
itor ABT263 was able to overcome EZH2 inhibitor resistance and
was synergistic with EZH2 inhibition in vivo (NT-114).

Epithelial to mesenchymal transition contributes to ovarian tumor
metastasis and chemoresistance.®' Dr Junming Yue and colleagues
demonstrated that knockout of the metal regulatory transcription
factor 1 results in inhibition of this transition, leading to reduced cell
proliferation, migration, and invasion (NT-120). Dr Carmela Ricciar-
delli and colleagues explored all-trans retinoic acid as a means of
inhibiting the annexin A2-S100A10 signaling pathway, which plays
a role in ovarian cancer invasion and metastasis.3 Treatment of
ovarian cancer cells with all-trans retinoic acid led to reduced cell
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survival, proliferation, and invasion, although the mechanism was
not always S100A10-dependent (NT-105). Dr Flavio Rizzolio and
colleagues demonstrated that targeting of peptidyl prolyl cis-trans
isomerase (Pin1), which controls different oncogenes and tumor
suppressors, can inhibit tumor growth in mouse ovarian cancer
model.*® Chemical or short hairpin RNA inhibition of Pin1 in ovarian
cancer cell lines sensitized the cells to the effect of carboplatin
(NT-106).

Several studies have characterized new compounds whose
mechanisms of action are not yet not fully understood. Dr Alexan-
dria Young and colleagues explored synthetic analogs of phyllan-
thusmin for cytotoxic activity in ovarian cancer cell lines.>* The most
potent analog, PHY34, has nanomolar potency in high-grade serous
ovarian carcinoma cell lines in vitro and displayed cytotoxic activity
through late-stage autophagy inhibition and activation of apoptosis.
The analog was also effective with intra-peritoneal administration
in xenograft models (NT-119). Dr Arvinder Kapur and colleagues
used fabclavine, a metabolite of Xenorhabdus budapestensis, and
demonstrated that the compound inhibited ovarian cancer cell line
proliferation and induced apoptotic cell killing at nanomolar concen-
trations (NT-096). Dr Powel Crosley and colleagues generated a
TRAIL-expressing recombinant vaccinia virus and demonstrated
its activity against granulosa cell tumor cell lines. Combination
of the recombinant virus with procaspase-activating compound 1
resulted in further potentiation of lytic activity (NT-89). Dr David
Pepin presented the results of the effects of Mullerian inhibiting
substance on ovarian cancer cells isolated from ascites.®® Using
single cell RNA sequencing, their study uncovered a high degree
of heterogeneity of expression of known and novel markers related
to epithelial-mesenchymal states and stemness, both across
patients and within patient samples. In addition, they uncovered
some unexpected effects of Mullerian inhibiting substance on the
immune cells in ascites. These findings will be important in under-
standing responses to this substance as it progresses through clin-
ical development.

Finally, several groups presented early data on identification of
novel compounds and pathways for targeting in ovarian cancer.
Dr Hilary Kenny and colleagues used high throughput screening
of small molecules against an ovarian cancer organotypic model
that recapitulates features of ovarian cancer stroma. They identi-
fied three compounds—two targeting tyrosine kinases—which
inhibited ovarian cancer adhesion, invasion, and growth (NT-97).
Dr Einav Zmora and colleagues analyzed endothelial growth factor-
like ligands from ascites of 43 patients with ovarian cancer and
found that 86% of them expressed high levels of amphiregulin,
which is a cytokine playing a role in tissue repair and inflamma-
tion.*® The authors generated an antibody against amphiregulin
and evaluated it in animal tumor models. Treatment with anti-am-
phiregulin resulted in significant prolongation of survival of mice
bearing cancer xenografts (NT-121).

CONCLUDING REMARKS

In summary, the symposium presented a rich influx of information,
highlighting novel mechanisms of primary and acquired resist-
ance to chemotherapy and PARP inhibition. The revolving theme of
combination therapy to overcome or prevent resistance resonates

throughout all studies. Potential combination partners include other
agents inhibiting DNA repair, agents targeting cellular checkpoints,
and drugs effective against cancer stem cells. Immune checkpoint
inhibitors, while effective in a small subset of patients, unfortunately
demonstrate limited single-agent activity in ovarian cancer and
rational combinations with other immunotherapies, PARP inhibitors,
and standard chemotherapy are currently underway. Other novel
therapeutic strategies focusing on endoplasmic reticulum stress
response, epithelialto mesenchymal transition, and targeting of
surface molecules using novel antibody drug conjugates demon-
strate compelling evidence of anti-tumor activity in pre-clinical
models and generate a strong rationale for evaluation in clinic.
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Survivor advocacy: | speak for those

who can’t

Sachia Stonefeld Powell

ABSTRACT

The 12th Biennial Ovarian Cancer Research Symposium
held on September 13—15, 2018, brought together ovarian
cancer scientists, clinicians, survivors, and advocates in
Seattle, Washington. The Symposium featured a panel on
'The role of advocates in ovarian cancer research' aimed
at facilitating discussion between scientists and patient
advocates to enable a more patient-centric approach to
ovarian cancer research. Here we describe learnings from
panelists that included seasoned research scientists and
patient advocates.

| attended the panel discussion on 'The role of advo-
cates in ovarian cancer research' during the 12th
Biennial Ovarian Cancer Research Symposium and |
learnt something new that | have actually known all
along: there aren’t many ovarian cancer Survivors;
therefore, there aren’t many ovarian cancer survivor
advocates. Ovarian cancer accounts for only 2.5% of
cancer diagnoses in women, and the survival rate is
much lower than that of other cancers. Of those who
survive, some will not be well enough to advocate
or have the mental energy to act. Therefore, l—an
ovarian cancer survivor—am one of a relatively small
number of people with the experience, ability, and
interest to be a survivor advocate.

Survivor advocates are people who have navigated
a diagnosis of cancer and its subsequent treatment,
and who share the knowledge gained through their
personal experience with a broader audience. The
goal in disseminating the panel’s collective wisdom on
the topic of advocates in research is to bridge the gap
between the advocate who wants to make an impact
on a disease that affected them personally, and the
scientist who spends their career trying to affect the
same disease but without the perspective of one who
has lived through it. Hopefully, by explaining some of
the possible ways that advocates and scientists can
interact, ovarian cancer scientists will be inspired to
incorporate patients’ perspectives into all aspects of
their studies.

The panel emphasized that survivor advocates
can and should be involved in every step along the
cancer research path. Advocates bring the patient
perspective to researchers for use in grant proposals
to get research support. Advocates can play a crit-
ical role by posing questions to the scientists to
help them better frame the topics to be examined,

and to question their assumptions. Advocates can
provide feedback about the layperson’s summary in
grant abstracts and in clinical protocols. Advocates
can also help to publicize clinical trials or spread
other information through their close-knit network
of survivors/friends. And, of course, they can advo-
cate for legislative action and additional research
funding. Through the process, advocates, by their
very presence, emphasize the needs of the patient
and the related need for urgency, paving the way to
patient-centric healthcare.

There are many ways to get started in advocacy.
To gain a better understanding, advocates can attend
cancer research conferences to learn about the
current state of research and meet those involved in
it. The conferences also provide an excellent opportu-
nity to meet other survivor advocates and scientists;
that network can lead to advocacy opportunities. Addi-
tionally, several organizations, such as SHARE Cancer
Support, the Research Advocacy Network, and the
Ovarian Cancer Research Alliance, provide training,
including online courses, and conferences specifically
for those interested in advocacy. The training in basic
medical research terminology and scientific concepts
provides advocates with the necessary information to
advocate knowledgeably. Some groups also provide
advocate mentorship, pairing new advocates with
those with experience. Even organizations that are
not cancer-specific can provide relevant advocacy
information and training.

Advocates can also contact local healthcare institu-
tions and research centers in their area to determine
whether there are existing advocacy programmes they
can join. These entities may have advisory boards,
advocacy networks, or survivor support groups with
openings for advocates, or may welcome advocates
to share their stories in educational settings. Regional
and national organizations such as the National
Institutes of Health and the National Cancer Institute
(NCIy also have advocacy opportunities through their
advisory boards or other programmes. For example,
NCI’s Office of Advocacy Relations specifically works
to connect survivors with NCI to improve cancer
research. And finally, organizations that allocate
research funds, such as the Department of Defense
Ovarian Cancer Research Program, use survivor
advocates to review grant applications and clinical
trial approvals.
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Several simple steps can be taken by advocates at the grass-
roots level. Those interested in policy adjustments or funding
enhancement can write to their congressional representatives
to encourage change, especially by emphasizing the amount
of money that comes into their districts as a result of the funds
they allocate to cancer research. Advocates can themselves raise
funds for research through numerous fundraising activities. They
can post their survivor status on social media; spreading the word
about survivorship status can help lead to advocacy opportunities.
Advocates can also use social media to disseminate information
about medical research, such as clinical trials, to their networks of
survivors/friends. Finally, advocates can simply ask relevant orga-
nizations: 'What can | do to help?”

From their experience, survivor advocates gain the opportu-
nity to give back to the scientists who pioneered their life-saving
treatment, and to give their survival a purpose. In return for their
service, advocates ask only that scientists use their collective voice
to inform Congress by contacting their representatives at key times
and exercising their right to vote. Advocates also appreciate it when
the scientists can cover their out-of-pocket expenses by including
those expenses in the grant proposals.

Review Article

Like the survivor advocates on the panel, / keep losing my friends.
Once | disclosed my ovarian cancer diagnosis | became a magnet
for anyone who knew someone with a similar diagnosis. Suddenly,
| knew many women with ovarian cancer, who | now count among
my friends. But as ovarian cancer continues its insidious attack |
also have more friends who have succumbed to its assault. As a
result, | have become even more passionate about advocating. /am
the voice of those who can no longer speak for themselves.
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