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1. INTRODUCTION:

Large scale genomic studies have demonstrated that high grade serous ovarian cancers (HGSOCs)
exhibit increased replication stress due to near universal loss of the G1/S checkpoint, premature S
phase entry, oncogenic driver activation and deficiency in homologous recombination repair. In
this application we address the potential of targeting the replication stress (RS) and the replication
stress response (which is facilitated by the ATR kinase) in ovarian cancer and have proposed a set
of experiments to facilitate preclinical development of novel synergistic ATR1 combinations in this
disease. In the Aims 1 and 2 of this award we have proposed to perform in vitro and in vivo studies
to evaluate the therapeutic efficacy of ATRi in combination with CDKS, PI3K and EZH?2 inhibitors
in HGSOC lines, organoid models and PDX models. In Aim 3, we have proposed to evaluate the
therapeutic efficacy of ATRi in combination with immune checkpoint inhibitors in genetically
engineered mouse models (GEMMs) and in Aim 4 we propose to define and validate a RS
biomarker of response to ATRi in tumors from patients with platinum resistant HGSOC treated on
a randomized trial of gemcitabine vs. gemcitabine combined with ATRi berzosertib.

2. KEYWORDS:

Epithelial Ovarian Cancer, Replication stress, ATR inhibitors, Gemcitabine, PI3K inhibitors,
CDKS5 inhibitors, anti-PD-1 antibodies

3. ACCOMPLISHMENTS:

What were the major goals of the project?

Throughout the timeline of the award the following goals have been proposed:

Specific Aim 1: To perform in vitro studies of targeted inhibition of our high-confidence ‘hits’
from PRISM and CRISPR, alone and in combination with ATRi, in HGSOC lines and organoid
models to extend mechanism-of-action studies and inform on potential combination strategies.
Specific Aim 2: To evaluate the therapeutic efficacy of ATRi in combination with CDKS5, PI3K
and EZH?2 inhibitors in HGSOC PDX models.

Specific Aim 3: To evaluate the therapeutic efficacy of ATRi in combination with immune
checkpoint inhibitors in HGSOC GEMMs.

Specific Aim 4: To define a biomarker of response to ATRIi in tumors from patients with platinum-
resistant HGSOC treated on a randomized trial of gemcitabine vs. gemcitabine combined with
ATRI berzosertib.




What was accomplished under these goals?

Regarding Aims 1 and 2, amongst our high confidence “hits” we were particularly interested in actionable
targets for which inhibitors already exist, therefore can be improved to clinical-grade, to use with ATR
inhibitors in novel combinatorial strategies. These included: (i) CDKS5 (ii) the epigenetic regulator EZH2; and
iii) genes that were members or indirectly affected the PI3K signaling pathway. CDK5 was further
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Figure 1: A) Analysis of TCGA showing that CDKS5 is amplified specifically in HGSOCs. B) Combifit
analysis of CDK51 and ATRi reveals significant synergy in viability assays.

prioritized as it is amplified specifically in HGSOC, more than other tumor types (Fig. 1).

ES2 (Low Cyclin E) COV362 (Medium Cyclin E)

Synergy mapped to D-R (LOEWE)
‘Synergy mapped to D-R (LOEWE) ,
mergy mapped to DA (LOEWE] TR V. GO 2616 £52 ATRi Vs. COKSi 20-223 COV362 Sy mepped o D LOEWE)

T e o 70225 €52
l . " / : o
P o3 . ; H H]

Synergy
Symray

Antagonism
a

ATRIM 50 S0 Cogesio0 223 M)

Figure 2: Combifit analysis of CDKS5 inhibitor 20-223 or CDKS5 inhibitor 25-16 and ATRi was conducted in
indicated HGSOC lines with different levels of CCNE1 as indicated. Our analysis reveals significant synergy in
viability assays only in CCNEI low cells.




CCNEZ1 (Cyclin E) amplification has been identified as a primary oncogenic driver in a subset of HGSOC and
associated with genomic instability and refractory to platinum therapy. Furthermore, CCNE1 amplification
is an established marker of replication stress (RS). Recent pre-clinical data demonstrated better ATRI
responsiveness in CCNE1 amplified tumors because of the high RS background. In ovarian

cancer, CCNE1 amplification is detected in about 20% of tumors, in a manner largely mutually exclusive
with CDK5 amplification (data not shown). We used two independent CDKS5 inhibitors (20-223 and 25-16)
Interestingly, we observed synergy between ATR inhibitor BAY1895334 both the CDKS5 inhibitors 20-223
and 25-16 specifically in low CCNE1-expressing HGSOC cells (Figure 2). CDK5 inhibitor 20-223 had a more
significant synergistic effect with ATRi. This suggests that CDKS5 inhibition and CCNE1 overexpression may
be redundant in sensitizing cells to ATRi. Based on these results, we postulate that CDK5 is an actionable
target that may expand the scope and efficacy of ATRi in a normal/low cyclin E expressing cancers. Also, low
CCNE1 potential maybe a biomarker for CDK5 inhibitors. We further aim to elucidate the interplay
between CDK5/CCNE1 in S-phase and its relevance to ATRi sensitivity. As we move onto animal studies and
HGSOC organoid treatment with CDKS5 inhibitors (Aim 2) we will also focus on the other actionable targets,
EZH2 and PI3-K pathway.

Regarding Aim 3 we have been performing efficacy studies evaluating the combination of ATR inhibitors
with anti-PD-1 in GEMMs and we expect to report on these studies in the next year of this award.

Regarding Aim 4, we have evaluated the following candidate biomarkers of benefit of addition of
berzosertib to gemcitabine.

i) ATM expression by immunohistochemistry (IHC): We did not observe any difference in the benefit of
addition of berzosertib to gemcitabine between patients with tumors without ATM expression (ATM
negative) vs tumors with low ATM expression (ATM low) or normal ATM expression (ATM positive).

ii) Homologous recombination repair (HRR) deficiency: We assessed three different biomarkers of HRR
deficiency, i.e. BRCA1/2 mutation status, presence of HRR mutations by targeted sequencing (using our
CLIA certified institutional assay OncoPanel assay) and presence of mutational signature 3. We did not
observe any difference in the benefit of addition of berzosertib to gemcitabine between patients with
HRR deficient vs non-HRR deficient tumors as defined by any of these 3 biomarkers (i.e. BRCA1/2
mutation status, HRR mutation status and mutational signature 3 status).

iii) Replication Stress (RS) Alterations: Based on results from targeted next sequencing OncoPanel
assay we assigned patients into two different groups based on the presence or not of genomic
alterations of RS in their tumors:

a. Patients with tumors with replication stress (RS) alterations (RS-high tumors): These tumors
exhibited at least one of the following alterations, including alterations associated with
oncogene-induced replication stress (KRAS amplification/mutations, NF1 two-copy
loss/mutations, ERBB2 amplification, MYC amplification, MYCL amplification) and alterations
associated with loss of RB pathway regulation and premature entry into the S phase (CCNE1
amplification, RB1 two-copy loss and CDKN2A two-copy loss).

b. Patients with tumors without any RS alterations (RS-low tumors): These tumors exhibited none
of the above RS alterations (see point a above).




Overall, about 53% of tumors were RS-low and 47% were RS-high. Interestingly, the PFS benefit of

addition of berzosertib to gemcitabine was evident only in the RS-low tumors (berzosertib PFS HR =
0.34, 90% Cl, 0.13-0.86), but was not observed in the RS-high tumors (berzosertib PFS HR = 1.11, 90%
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Figure 1. Gemcitabine/Berzosertib vs Gemcitabine alone in patients with RS-Low (left) and RS-High (right)

Cl, 0.47-2.62), Figure 1.
Importantly, berzosertib benefit in RS-low tumors was observed regardless of the PFl stratum
(Berzosertib HR was 0.47 in the PFl < 3 months stratum and 0.25 in the PFl 3-6 months stratum).

This finding (i.e. that the benefit of addition of berzosertib to gemcitabine was evident only in the RS-
low tumors) may be explained by the fact that patients with RS-low tumors who received gemcitabine
alone did significantly worse compared to patients with RS-high tumors (i.e. RS-high may be a

biomarker of response to gemcitabine alone). Specifically, as seen in Figure 2 below, patients with RS-
high tumors did significantly better with gemcitabine alone compared to patients with RS-low tumors
(HR=0.38, 90% Cl, 0.17-0.86, one-sided p=0.022).
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Figure 2. PFS of patients who received gemcitabine alone by RS-High vs RS-Low status




Taken together, our findings suggest that patients with RS-high tumors may do significantly better
with gemcitabine alone and that for these patients, addition of berzosertib does not appear to
provide benefit (although a berzosertib benefit may have been missed due to the small size).
Conversely, patients with RS-low tumors do significantly worse with gemcitabine alone and for these
patients, addition of berzosertib provides significant PFS benefit. Figure 3 below, presents a working
hypothesis model highlighting: i) the better outcome with gemcitabine alone among patients with RS-
high tumors (compared to RS-low tumors) and ii) the benefit of addition of berzosertib to
gemcitabine among patients with RS-low tumors. According to this model, gemcitabine, a drug which
increases replication stress, has better monotherapy activity against RS-high tumors (left panel) than
RS-low tumors (right panel). Unlike RS-high tumors, RS-low tumors need the addition of the ATRi
berzosertib for lethality to occur, which explains why the benefit of addition of berzosertib to
gemcitabine is only observed among RS-low tumors.

This work was published in Nature Communications (Konstantinopoulos PA, da Costa AABA, Gulhan D,
Lee EK, Cheng SC, Hendrickson AEW, Kochupurakkal B, Kolin DL, Kohn EC, Liu JF, Stover EH, Curtis J,
Tayob N, Polak M, Chowdhury D, Matulonis UA, Farkkila A, D'Andrea AD, Shapiro Gl. A Replication
stress biomarker is associated with response to gemcitabine versus combined gemcitabine and ATR
inhibitor therapy in ovarian cancer. Nat Commun. 2021 Sep 22;12(1):5574. doi: 10.1038/s41467-021-
25904-w. PMID: 34552099; PMCID: PM(C8458434.)
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Figure 3. Working hypothesis model summarizing the effects of gemcitabine alone and of
gemcitabine/berzosertib combination in patients with RS-High (left) and RS-low tumors (right). LEFT PANEL:
Gemcitabine alone is more effective against RS-High tumors (compared to RS-low tumors) and addition of
berzosertib does not add much to gemcitabine alone for these (RS-High) tumors. RIGHT PANEL: Conversely,
gemcitabine alone is ineffective against RS-low tumors; addition of berzosertib to gemcitabine in these (RS-
low tumors) is beneficial over gemcitabine alone.

What opportunities for training and professional development has the project provided?

“Nothing to Report.”




How were the results disseminated to communities of interest?

“Nothing to Report.”

Describe briefly what you plan to do during the next reporting period to accomplish the goals and
objectives.

In the next reporting period we aim to continue the in vitro and in vivo experiments as relevant to Aims 1, 2
and 3 and we will continue to optimize our biomarker on Aim 4.

4. IMPACT:

What was the impact on the development of the principal discipline(s) of the project?

“Nothing to Report.”

What was the impact on other disciplines?



“Nothing to Report.”

What was the impact on technology transfer?

“Nothing to Report.”

What was the impact on society beyond science and technology?

“Nothing to Report.”




5. CHANGES/PROBLEMS:

As discussed above, regarding Major Task 1 (AIM 1), our clinical trial has not been activated yet but we
do expect this will happen in July-August 2020. The reason for that was that we had encountered problems
initiating the study mainly because of an issue with the peptide manufacturing process for the neoantigen
vaccine. These issues have been completely resolved and we are now ready to initiate the trial. There is
significant patient interest in our study and we expect to enroll promptly when the study is activated.

Actual or anticipated problems or delays and actions or plans to resolve them

“Nothing to Report.”

Changes that had a significant impact on expenditures

“Nothing to Report.”

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or
select agents



Significant changes in use or care of human subjects

“Nothing to Report.”

Significant changes in use or care of vertebrate animals

“Nothing to Report.”

Significant changes in use of biohazards and/or select agents

“Nothing to Report.”

6. PRODUCTS:

o Publications, conference papers, and presentations

Journal publications.
1. Konstantinopoulos PA, da Costa AABA, Gulhan D, Lee EK, Cheng SC, Hendrickson AEW,
Kochupurakkal B, Kolin DL, Kohn EC, Liu JF, Stover EH, Curtis J, Tayob N, Polak M, Chowdhury
D, Matulonis UA, Farkkila A, D'Andrea AD, Shapiro Gl. A Replication stress biomarker is
associated with response to gemcitabine versus combined gemcitabine and ATR inhibitor
therapy in ovarian cancer. Nat Commun. 2021 Sep 22;12(1):5574. doi: 10.1038/s41467-021-
25904-w. PMID: 34552099; PMCID: PM(C8458434.
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Books or other non-periodical, one-time publications.

“Nothing to Report.”

Other publications, conference papers and presentations.

“Nothing to Report.”

Website(s) or other Internet site(s)

“Nothing to Report.”
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Technologies or techniques

“Nothing to Report.”

Inventions, patent applications, and/or licenses

“Nothing to Report.”

Other Products
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“Nothing to Report.”
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PD/PI: Dipanjan Chowdhury

Dates: 7/1/2022-6/30/2027

Effort: 2.4 Calendar Months
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Level of Funding:

Overlap: None

POC:

Ronald L Johnson

Program Director

NATIONAL CANCER INSTITUTE
rjohnso2(@mail.nih.gov

T2022-010

V Foundation for Cancer Research

Title: Blood-based screening for identification and monitoring of women at elevated risk for
breast and ovarian cancer

Goals: Aim 1. Validate models for circulating miRNA profiles for identification of BRCA1 and
BRCA?2 mutation carriers. Aim 2. Test models for identification of breast and ovarian cancers
among BRCA1 and BRCA2 mutation carriers.

PD/PI: Dipanjan Chowdhury

Dates: 8/1/22-8/1/2025

Effort: 0.6 Calendar Months

Level of Funding:

Overlap: None

POC:

Carole C. Wegner, PhD

Senior Vice President, Research and Grants Administration

the V Foundation for Cancer Research

grants@yv.org

The Honorable Tina Brozman Foundation for Ovarian Cancer

Title: Circulating microRNA signatures among BRCAI1/2 mutation carriers

Goals: Aim 1. To define circulating miRNA profiles for BRCA1 and BRCA2 mutation carriers and
incorporate this information into dynamic screening for ovarian cancer. Aim 2. To perform
mechanistic studies exploring the effects of BRCA1 or BRCA2 mutations on miRNA expression
and secretion from ovarian cancer precursor cells.

PlIs: Chowdhury/Elias

Role: CO PI

Dates: 1/1/22-12/31/2023

Effort: 0.3 Calendar Months

Level of Funding:

Overlap: None

POC:

Beverly Wolfer

Executive Director

Phone:

bwolfer@tinaswish.org
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Recently completed for Dr. Chowdhury

2R01CA142698-10

NIH

Title: Molecular mechanism and relevance of microRNAs in DSB repair pathway choice

The major goal of this study is to investigate the impact of microRNAs on repair of DNA double
strand break (DSB)s, and specifically choice of DSB repair pathways during the cell cycle.

Aim 1: Systematic identification and validation of target transcripts regulated by candidate miRNAs
influencing HR- and NHEJ mediated DSB repair.Aim 2: Defining the physiological relevance of
candidate miRNAs influencing HR- and NHEJ mediated DSB repair.Aim 3: To evaluate candidate
miRNAs influencing HR- and NHEJ mediated DSB repair as prognostic and predictive biomarkers
in epithelial ovarian cancer (EOC) and lymphomas.

Role: Principal Investigator

Date: 4/1/2015-3/31/2021*NCE

Effort: 1.92 Calendar Months

Level of Funding:

POC:

Rebecca Brightful, Grant Management Officer

RIVER 5 BG RM4083

8490 Progress Drive

Frederick, MD 21701

SR01GM129066-02

NIH

Title: Computational analysis of mutation patterns in somatic genomes

The central hypothesis of this project is that loss of DNA repair proteins representing specific
pathways impacts the mutational landscape of somatic genomes providing mechanistic insights into
underlying DNA damage and repair processes. Aim 1: Study epigenomic context preferences of
point mutation signatures to predict etiologyAim 2: Identify tissue-level differences in mutation
patterns arising from DNA repair defects.

Aim 3: Infer cell lineage-dependent patterns of mutation accumulation from the mutational
landscape of terminal cells

Role: Subaward PI

Date: 4/1/2019-6/30/2021

Effort: 0.24 Calendar Months

Level of Funding:$115,784

POC:

Chrissa Papaioannous, P.E., CRA, Assistant Director of Office of Research and Sponsored Program
Rutgers, The State University of New Jersey

33 Knightsbridge Road, 1st Floor, East Wing

Piscataway, NJ 08854

Tel:
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What other organizations were involved as partners?

“Nothing to Report.”

8. SPECIAL REPORTING REQUIREMENTS
COLLABORATIVE AWARDS:
QUAD CHARTS:

None.
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9. APPENDICES:

None.
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