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Simple Summary: Currently, there are few effective methods to predict which patients with gynecologic
malignancies, including ovarian and endometrial cancers, will demonstrate chemotherapy resistance. The
‘tumor fraction” of circulating tumor DNA may offer a minimally-invasive method to evaluate tumor
aggressiveness via simple blood draw. In this study, we demonstrate in a large cohort of ovarian and
endometrial cancers that it is feasible to determine the TFx and that TFx is associated with high grade in ovarian
cancer suggesting it may be a may be a relevant biomarker for further evaluation in gynecologica cancers.

Abstract: There is no routine approach to identify patients with gynecologic malignancies at high risk for
chemotherapy-resistance. Circulating tumor DNA (ctDNA) tumor fraction (TFx) represents a minimally-
invasive approach to tumor profiling, with as yet limited data on utility in gynecologic malignancies. The
objective was to investigate the use of ctDNA TFx in a cohort of patients with ovarian and endometrial cancer.
Plasma samples from patients with biopsy-proven ovarian or endometrial cancer collected between 4/2018 and
4/2020 were subjected to shallow whole genome sequencing with determination of TFx via ichorCNA package.
The association of TFx to continuous and categorical baseline clinicopathologic factors and progression-free
survival was assessed. 210 plasma samples from 78 patients with gynecologic cancers were analyzed. Mean
TFx for ovarian cancer was 5.5% and endometrial cancer 2.4% and there was no significant difference in TFx
among histology either for endometrial or ovarian cancers. Grade was associated with significant difference in
‘sentinel’ TFx among ovarian cancers but not endometrial cancers. c¢tDNA TFx dynamics over time
demonstrated rapid clearance of ctDNA in most patients with ovarian cancer, while endometrial cancer had
consistently low TEx. ctDNA TFx is feasible in ovarian and endometrial cancers and may be a valuable
important tool for prognostication.

Keywords: ovarian cancer; circulating tumor DNA; biomarker

Introduction

About 107,500 women were diagnosed with gynecologic cancer and 31,600 women died of the
disease in the U.S. in 2017.[1] Ovarian cancer is the most lethal gynecologic cancer.[1] The majority of
ovarian cancers are diagnosed at an advanced stage with no effective screening tests and in patients
with advanced stage disease, the survival is significantly lower than patients with early stage
disease.[1] Surgical debulking and platinum based chemotherapy have become the standard primary
treatment of advanced stage ovarian cancer.[2-4] Over the last decade, outcomes have significantly
improved with aggressive surgical debulking and the introduction of new chemotherapy regimens
and targeted therapies like bevacizumab and PARP inhibitors (Niraparib, Olaparib, and
Rucaparib).[4] After completing therapy, >80-90% of the patients go into complete remission using
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the current clinical diagnostic strategy. Unfortunately, however, about two-thirds of patients will
relapse within a median time of 18-24 months.[5,6] The standard practice after completing primary
therapy is surveillance with serial follow up of CA-125 and/or imaging.[7,8] Ovarian cancer is
characterized by high frequency of P53 mutation, high somatic copy number alteration (SCNAs) and
genomic instability. These data indicate a critical role of genomic instability and SCNAs in ovarian
cancer prognosis and tumorigenesis.[9-11]

These data support the need for a better diagnostic marker that can identify high-risk patients
who are likely to have platinum resistant or refractory disease who still have molecular residual
cancer at the time of completing primary treatment or at the time of recurrence. The current clinical
strategy using clinical evaluation with imaging and/or serum CA-125 can detect only patients with
macroscopic residual or recurrent disease. With the current surveillance strategy, the critical time
period to identify patients with aggressive disease who might benefit from more or different
treatment is lost. Further, there is a need for a new marker that allows for more individualized care
of patients with such aggressive disease by utilizing novel approaches to identify genomic alteration
that can provide rationale for personalized targeted therapy.

Circulating tumor DNA (ctDNA) refers to DNA that tumor sheds into systemic circulation. Next
generation sequencing analysis of ctDNA provides a non-invasive approach or tumor profiling
without requiring invasive tissue biopsy.[12] The use of ctDNA for the diagnosis, surveillance and
treatment of certain malignancies has expanded in recent years and offers a promising tool to provide
personalized therapies to patients with malignancy.[13-16] Initial studies on the use of ctDNA have
focused on investigating specific mutations or sequencing specific panels of cancer-related genes.[17]
However, recent work by Stover et al demonstrated the utility of quantifying the tumor fraction (TFx)
via low coverage (0.1x) whole genome sequencing without prior knowledge of tumor mutations in
triple negative breast cancer.[18] The majority of studies to date that evaluate the use of ctDNA and
TFx have been conducted primarily in breast, lung and colon cancers.[19-21] There is a paucity of
data regarding their role in the treatment and surveillance of gynecologic malignancies; however,
these data are promising and have the potential to facilitate the provision of personalized care for
patients diagnosed with gynecologic malignancies.[22] The objective of this study was to investigate
the use of ctDNA and TFx in a cohort of patients with ovarian and endometrial cancer.

Methods

Patient Identification and Clinicopathologic Data

Patients with pathologic diagnosis of ovarian or endometrial cancers were consented for
collection of plasma for ctDNA analyses. The study was approved by the Cleveland Clinic
Institutional Review Board and patients signed informed consent for the study. Patient characteristics
and clinical and treatment data of our patients are summarized in Table 1. Patients with a partial
or complete response by RECIST 1.1 when evaluated by CT scan per judgment of their treating
physician were classified as ‘responders’, while patients with best response as stable disease or
progression. Progression-free survival was defined as the time from diagnosis (for primary setting)
or start of treatment (for recurrent tumors) to disease progression, last follow up, or death. Overall
survival was calculated from the time of diagnosis for primary setting or start of treatment in
recurrent setting to death or last follow up.
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Table 1. Cohort clinical and pathologic characteristics.

Endometrial Ovarian Total
(N=20) (N=51) (N=73)
Histology
Carcinosarcoma 2 (10.0%) 0 (0%) 2 (2.7%)
Endometrioid 11 (55.0%) 2 (3.9%) 13 (17.8%)
Mixed Clear Cell/Endometrioid 1(5.0%) 0 (0%) 1(1.4%)
Serous 4 (20.0%) 46 (90.2%) 50 (68.5%)
Clear cell 0 (0%) 3 (5.9%) 3 (4.1%)
Missing 2 (10.0%) 0 (0%) 4 (5.5%)
Stage (Primary/Recurrent)
Primary 11 (55.0%) 32 (62.7%) 43 (58.9%)
Recurrent 9 (45.0%) 19 (37.3%) 28 (38.4%)
Missing 0 (0%) 0 (0%) 2 (2.7%)
Grade
Dedifferentiated 3 (15.0%) 0 (0%) 3 (4.1%)
High Grade 10 (50.0%) 48 (94.1%) 58 (79.5%)
Intermediate Grade 3 (15.0%) 2 (3.9%) 5 (6.8%)
Low Grade 4 (20.0%) 0 (0%) 4 (5.5%)
Missing 0 (0%) 1(2.0%) 3 (4.1%)
Number of Cycles
<=6 20 (100%) 21 (41.2%) 41 (56.2%)
>6 0 (0%) 19 (37.3%) 19 (26.0%)
Missing 0 (0%) 11 (21.6%) 13 (17.8%)
Status
Alive with Disease 7 (35.0%) 17 (33.3%) 24 (32.9%)
Deceased with Disease 7 (35.0%) 9 (17.6%) 16 (21.9%)
No Evidence of Disease 3 (15.0%) 22 (43.1%) 25 (34.2%)
Missing 3 (15.0%) 3(5.9%) 8 (11.0%)

Sample Processing and Ultra Low-Pass Whole-Genome Sequencing

Venous blood samples were collected in EDTA (BD) or Cell-Free DNA BCT (Streck) tubes. Blood
processing to component parts, cell-free DNA extraction from plasma, and DNA quantification was
performed as described previously.[23] Library construction of cell-free DNA was performed using
the Kapa HyperPrep kit with custom adapters (IDT). 5-50 ng of cfDNA input (1000-20,000 haploid
genome equivalents) was used for ultra low-pass whole-genome sequencing (ULP-WGS).
Constructed sequencing libraries were pooled (2 uL of each x 96 per pool) and sequenced using 100bp
paired-end runs over 1 x lane on a HiSeq2500 (Illumina) for ULP-WGS. ULP-WGS of cfDNA was
performed to average genome-wide fold coverage of 0.1X. Segment copy number and TFx were
derived via ichorCNA.[23] Samples were excluded if the median absolute deviation (MAD) of the
copy ratios (2'og2 ratio) between adjacent bins, genome-wide, was greater than 0.20 suggesting poor
quality sequence data. Genome-wide copy number plots were generated by ichorCNA.
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Statistical Analyses and Data Visualization

All statistical analyses and data visualizations were performed in R version 3.3.1. The association
of TFx to continuous and categorical clinicopathologic factors was evaluated using Wilcoxon rank-
sum and chi-square test or analysis of variance, respectively. Multiple linear regression models were
constructed using the ‘Im’ function in R. Association with progression-free survival was assessed via
log-rank test and Kaplan-Meier visualization constructed using the “packHV” package in R.

Results

Ovarian and endometrial cancer cohorts

We identified 210 plasma samples from 78 patients with biopsy-proven ovarian cancer or
endometrial cancer collected between 04/2018 and 04/2020 under IRB-approved protocols at a single
institution and abstracted detailed clinicopathologic information (Table 1). Among ovarian cancers,
90.2% (46/51) were serous histology and 94.1% (48/51) high grade. Among endometrial cancers, 55%
(11/20) were endometrioid and 50% (10/20) high grade. Among both cancer types, there were samples
collected from patients in both the primary (ovarian 62.7%, 32/51; endometrial 55%, 11/20) and
recurrent (ovarian 37.3%, 19/51; endometrial 45%, 9/20) settings. At the time of data freeze, 17.6%
(9/51) ovarian patients and 35% (7/20) endometrial patients had died of disease. Median first
progression-free survival (PFS1) was 15 months for ovarian and 9 months for endometrial cancer.

Tumor fraction association with clinical and pathologic variables in endometrial and ovarian cancer

Our approach offers a “tumor fraction” calculation based on SCNAs detected in cfDNA without
a priori knowledge of tumor mutation status.[23] Tumor fraction measurement using ichorCNA has
a broad dynamic range, both within individuals and among distinct patients and among the 210
samples analyzed, TFx range was 0 to 76%.

We evaluated the association of the first ‘sentinel’ blood draw with cancer and clinicopathologic
characteristics (Figure 1; Table 2). The mean tumor fraction for ovarian cancer was 5.5% and for
endometrial cancer was 2.4%, not significantly different between cancer types (t-test p=0.065; Figure
1A, Supp Figure 1A). Evaluating primary versus recurrent settings within each individual cancer
type demonstrated no significant difference in ‘sentinel’ TFx in either endometrial (t-test p=0.64) or
ovarian (t-test p=0.84) cancers (Figure 1B, Supp Figure 1B). We also evaluated ‘sentinel’ TFx by tumor
histology within each cancer type and, similarly, there was not a significant difference in TFx among
histology either for endometrial (Wilcoxon rank-sum p=0.62) or ovarian (Wilcoxon rank-sum p=0.24)
cancers (Figure 1C-D, Supp Figure 1C-D). Interestingly, grade was associated with significant
difference in ‘sentinel’ TFx among ovarian cancers (t-test p=0.01) but not endometrial cancers
(ANOVA p=0.48; Figure 1E, Supp Figure 1E). We investigated if a single ‘sentinel’ TFx value was
associated with best overall therapy response (Figure 1F, Supp Figure 1F). There was no significant
association for either endometrial (ANOVA p=0.99) or ovarian cancer (ANOVA p=0.40). We
evaluated the characteristics of ‘sentinel’ TFx by sites of metastatic disease (Table 2). For metastatic
sites with at least two representative patients, mean TFx ranged from 1.6% (lung/pleural effusion
metastases in endometrial cancer) to 5.2% (peritoneal metastases in ovarian cancer). A summary of
tumor fraction association with clinical and pathologic variables in endometrial and ovarian cancer
demonstrated that no association was significant after multiple test correction for either endometrial
or ovarian cancer (Supp Table 1).
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Figure 1. Association of Tumor Fraction with Clinicopathologic Characteristics in Patients with
Ovarian and Endometrial Cancers. To avoid duplicate sample bias, the association of the tumor
fraction (TFx) of the first ‘sentinel’ blood draw was evaluated relative to clinicopathologic

characteristics, including:

(A) ovarian versus endometrial cancer; (B) primary versus recurrent

settings within each individual cancer type; (C-D) tumor histology within each cancer type; (E) tumor
grade; (F) best overall therapy response. TFx is presented as logio transformed in each y-axis.
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Table 2. Tumor Fraction by Metastatic Site.

Primary Lo . Standard Standard
Site Metastatic Site Total Mean  Median Deviation Error
Endometrial Peritoneal 13 0.023 0.021 0.02 0.006
Endometrial Liver 3 0.029 0.018 0.022 0.013
Endometrial Lung/Pleural Effusion 3 0.016 0 0.027 0.016
Endometrial Node 3 0.022 0.021 0.008 0.004
Endometrial Other 2 0 0 0 0
Ovarian Peritoneal 41 0.052 0.034 0.118 0.018
Ovarian Liver 3 0.044 0.046 0.003 0.001
Ovarian Lung/Pleural Effusion 7 0.033 0.035 0.008 0.003
Ovarian Node 1 0.107 0.107 - -
Ovarian Other 1 0.041 0.041 - -

Circulating tumor dynamics in ovarian and endometrial cancers

A unique aspect of this cohort was the rich collection of serial samples, with average of nearly
three samples per individual (range 1 —13 samples per patient). In the majority of cases, most samples
had persistently low TFx, often near or below the threshold of ‘detectable’ ctDNA of 3%.[23] For
example, the patient with 13 samples collected over 234 days demonstrated TFx range from 0 —8.9%,
with 5/13 samples ‘undetectable’ (<3%), primarily mid-treatment samples. We visualized the
dynamics of ctDNA TFx for the ten patients with the greatest dynamic range and at least three
samples (Figure 2A, Supp Figure 1G). For ovarian cancer, multiple patients demonstrate very high
initial TFx, associated with rapid decline then persistently low subsequent TFx values (e.g. Cases
2/3/4 Figure 2A). Alternatively, for endometrial cancer there did not appear to be a consistent trend,
with modest increases and decreases all at relatively low TEx<6% (Supp Figure 1G).

We investigated a dramatic example in greater detail. Case 2 represented a patient with newly
diagnosed stage IIIC high grade serous ovarian cancer, germline BRCA mutated. The baseline ctDNA
sample was collected at time of initiation of carboplatin+paclitaxel and demonstrated extremely high
TEx of 76%, or more than three quarters of free DNA in circulation tumor-derived (Figure 2B, top
panel). Upon repeat ctDNA assessment after four cycles of carboplatin+paclitaxel (D64) at time of
planned interval debulking, there was a dramatic decline in TFx to 4.2% (Figure 2B, middle panel),
just above the detectable threshold. A follow-up ctDNA assessment after interval debulking and a
subsequent four cycles of carboplatint+paclitaxel (D134) again demonstrated a low TFx of 4.0%
(Figure 2B, bottom panel). The copy number alterations evident at high TFx were no longer detectable
for either low TFx samples. The patient remains with no evidence of disease.

A second case of interest, Case 8, demonstrated a modest decline in TFx then rebound (Figure
2A, 2C). Case 8 represented a patient with recurrent high grade serous ovarian cancer, germline
BRCA wild-type who was initiating salvage therapy with Olaparib and nivolumab. The baseline
ctDNA sample was collected at time of Olaparib+nivolumab and TFx of 11% with complex copy
number profile, including both focal (chromosome 2) and large, arm-level gain/amplification events
(Figure 2C, top panel). Repeat ctDNA assessment at D96 of Olaparib+nivolumab at time of imaging
partial response demonstrated a modest decline in TFx to 6.7% (Figure 2C, middle panel), with
similar appearance of copy number profile. A follow-up ctDNA assessment at disease progression
(D164) demonstrated rebound of TFx to 16% (Figure 2C, bottom panel). The copy number alterations
detectable at the first two time points were more dramatically evident at a higher TFx, without
definitive development of new copy number events.

doi:10.20944/preprints202311.1471.v1
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Figure 2. Circulating tumor fraction dynamics in ovarian cancer. (A) Circulating tumor DNA tumor
fraction (TFx) dynamics for the ten patients with ovarian cancer representing the greatest dynamic
range and at least three samples. Each individual patient represented by a different color, as indicated.
(B) Example case of newly diagnosed stage IIIC high grade serous ovarian cancer, germline BRCA
mutated with baseline TFx at time of initiation of carboplatin+paclitaxel demonstrating extremely
high TFx of 76% with multiple copy number alterations (top panel). Tepeat TFx after four cycles of
carboplatin+paclitaxel (D64; middle panel) at time of planned interval debulking demonstrated a
dramatic decline in TFx to 4.2% with follow-up TFx after interval debulking and subsequent four
cycles of carboplatin+paclitaxel (D134; bottom panel) demonstrated a low TFx of 4.0%. The copy
number alterations evident at high TFx were no longer detectable for either low TFx samples. The
patient remains with no evidence of disease. (C) Example case of recurrent high grade serous ovarian
cancer, germline BRCA wild-type. Baseline TFx sample at time of Olaparib+nivolumab initiation
demonstrated TFx of 11% with complex copy number profile (top panel). Repeat ctDNA assessment
at D96 (middle panel) at time of imaging partial response demonstrated a modest decline in TFx to
6.7%, yet follow-up ctDNA assessment at disease progression (D164; bottom panel) demonstrated
rebound of TFx to 16%. The copy number alterations detectable at the first two time points were more
dramatically evident at a higher TFx, without definitive development of new copy number events.

Association of circulating tumor DNA TFx with outcome in ovarian and endometrial cancers

Circulating tumor DNA TFx or similar metrics (e.g. highest variant allele fraction/VAF of
detectable mutations) has been associated with prognosis across a variety of cancers.[13,17,18,20,24]
Given the heterogeneity of the sample cohort, we investigated the association of ‘sentinel’ TFx with
progression-free survival for patients with a sample collected at initiation of therapy for either
primary or recurrent ovarian (Figure 3A) or endometrial (Figure 3B) cancers. While various TFx
thresholds have been investigated, given the low overall TFx among the cohort we a priori established
the 3% TFx “detectable” level as our threshold. For ovarian cancer, there was a non-significant trend
(log-rank p=0.07) toward shorter PFS for patients with detectable ctDNA (TFx>3%; Figure 3A). For
endometrial cancer, with a limited number of evaluable patients there was no appreciable trend (log-
rank p=0.53; Figure 3B).
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Figure 3. Association of circulating tumor DNA tumor fraction with progression-free survival in
ovarian and endometrial cancers. Kaplan-Meier visualization of progression-free survival (PFS; x-
axis) and proportion free of progression (y-axis) for patients with ovarian cancer (A) and endometrial
cancer (B), stratified by tumor fraction (TFx) above versus below 3% at time of ‘sentinel” blood draw.
PFS is determined as time from blood draw to progression or death of any cause. Log-rank p-value
indicated.

Discussion

The treatment of advanced gynecologic malignancies has significantly improved patient
outcomes in the last decade due to advancements in surgical debulking as well as the development
of novel therapeutic targets. However, the treatment of platinum refractory and resistant disease
remains challenging. Better diagnostic markers that can identify high-risk patients with molecular
residual cancer at the time of primary treatment completion or at the time of recurrence are needed.
Our data demonstrates that ctDNA and TFx is a feasible platform to identify patients with disease
recurrence and also provides prognostic information in patients with gynecologic malignancy.

Next generation sequencing analysis of ctDNA allows for a non-invasive approach for genomic
profiling of tumor without tumor biopsy. Prior studies have demonstrated the role of ctDNA in
identifying molecular residual disease and early recurrence in breast, lung and colon cancers [9-11].
Chaudhuri et al. recently assessed the role of ctDNA using second generation sequencing (CAPP-
Seq) in 40 patients with stage I-III lung cancer and 54 healthy individuals. The authors reported a
significant correlation between post-treatment ctDNA and molecular residual disease. Detection of
ctDNA preceded radiographic detection in 72% of the patients by 5.2 months [12]. Prior studies have
focused on investigating specific mutation or sequencing specific panel of cancer-related genes. There
are existing studies that evaluate the utility of ctDNA in the diagnosis, prognostication, detection of
residual disease and monitoring of disease in ovarian cancer. However, these studies similarly focus
on specific mutations or panels of cancer-related genes. Limitations of this technique include the
potential for small ctDNA yield particularly in the setting of low tumor burden, as well as the
possibility of false positives due to non-cancer derived mutations.[22] Increasingly, more broadly
applicable methods off the capability to quantify TFx via low coverage (0.1x) whole genome
sequencing without prior knowledge of tumor mutations, including via the ichorCNA package. In
one study of triple-negative breast cancer, the authors reported that ctDNA is feasible in nearly all
patients and that tumor fraction >10% was associated with significantly worse survival [13]. This
represents a promising tool, but its role has yet to be elucidated in gynecologic malignancies.

The present study evaluated the feasibility and utility of ctDNA TFx in ovarian and endometrial
cancer. A major strength of this study was the high number of serial samples from individual patients
which allowed for a description of the ctDNA TFx trend over time and correlation with clinical
disease status in individual patients. Multiple patients with ovarian cancer demonstrated a high TFx
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at the time of initial collection followed by rapid decline and persistently low TFx values,
corresponding to treatment response. In one patient with recurrent high grade serous ovarian cancer,
detection of increasing TFx correlated with disease progression, suggesting that TFx may be a useful
tool in the early detection of progression of disease in ovarian cancer. These findings need to be
validated in a larger sample size but may be an important tool to aid in patient counseling and clinical
decision-making.

Moreover, this study demonstrated that for ovarian cancer patients with a detectable ctDNA
TFx>3%, there was a trend toward shorter PFS when compared to those with TFX<3%. This trend was
not appreciable in the endometrial cancer cohort, however, most endometrial cases exhibited many
or all samples below the 3% TFx detection threshold, possibly indicating tumors less prone to
shedding DNA. This potential correlation of TFx and survival and prognosis carries significant
importance and needs to be investigated on a larger scale.

There are several limitations to this study. First, this study is limited by its small sample size.
Future studies evaluating the use of TFx in gynecologic malignancies using larger cohorts are
necessary to validate these findings. Further, direct comparison of cases with uneven number and/or
times of sampling events is difficult, and subsequent investigations will benefit from standardization
of TFx sampling across cases. Additionally, the use of TFx in ovarian and endometrial cancer will
need to be correlated with targeted panel or whole exome sequencing, which will be the focus of a
forthcoming study.

Conclusions

This study demonstrates that collection of ctDNA TFx is not only feasible in ovarian and
endometrial cancers but also may be an important tool for early disease recurrence detection and
prognostication. Future studies with larger patient cohorts are needed to validate these findings.
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