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Simple Summary: It is vitally important that scientists are able to describe their work simply and concisely to
the public, especially in an open-access on-line journal. The simple summary consists of no more than 200
words in one paragraph and contains a clear statement of the problem addressed, the aims and objectives,
pertinent results, conclusions from the study and how they will be valuable to society. This should be written
for a lay audience, i.e., no technical terms without explanations. No references are cited and no abbreviations.
Submissions without a simple summary will be returned directly. Example could be found at
http://www.mdpi.com/2076-2615/6/6/40/htm.

Abstract: Currently, there are few effective methods to monitor patients with gynecologic malignancies,
including ovarian and endometrial cancers. The ‘tumor fraction’ of circulating tumor DNA may offer a
minimally-invasive method to evaluate tumor aggressiveness via simple blood draw. To date, there is limited
data on utility of ctDNA TFx interrogation in gynecologic malignancies, although there is evidence that TFx
may be low or undetectable in malignancies primarily confined to the peritoneal cavity. The objective was a
descriptive assessment of ctDNA TFx in a cohort of patients with ovarian and endometrial cancer. The
association of TFx to continuous and categorical baseline clinicopathologic factors and progression-free
survival was assessed. In a large cohort comprised of 210 plasma samples from 78 patients with biopsy-proven
ovarian and endometrial cancer, plasma samples collected between 4/2018 and 4/2020 were subjected to
shallow whole genome sequencing with determination of TFx. Overall, we demonstrate that TFx was low for
most samples with mean TFx for ovarian cancer 5.5% and endometrial cancer 2.4%, yet can be quantified above
lower limit of detection in many patients particularly when evaluating serial samples. There was no significant
association between TFx level and clinical (primary vs recurrent, best response) or pathologic (e.g., histology,
grade) features. Our data demonstrates low TFx levels in ovarian and endometrial cancers likely reflect that
tumor types are ‘low ctDNA shed’, suggesting that higher sensitivity assessments may be required for clinical
utility.

Keywords: circulating tumor DNA; tumor fraction; ultra low-pass whole-genome sequencing

1. Introduction

Over the last decade, outcomes have significantly improved in ovarian and endometrial cancers
with the introduction of new treatment regimens, however, many patients will relapse within a
median time of 18-24 months suggesting that effective biomarkers to predict relapse and facilitate
escalated therapy are needed.[1, 2] The standard practice after completing primary therapy is
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surveillance with serial follow up of CA-125 and/or imaging, however, the ability to predict or detect
relapse early is limited.[3] Circulating tumor DNA (ctDNA) is tumor-derived DNA detectable in
circulation via next generation sequencing technologies, providing a minimally-invasive approach
without requiring invasive tissue biopsy, leading to clinical adoption and regulatory approval for
several assays.[4, 5] Prior work has demonstrated the utility of quantifying the amount of tumor-
derived DNA, or tumor fraction (TFx), for prognostic value in breast, lung, prostate, colon and other
cancers.[6, 7] However, there is a paucity of data regarding their role in the treatment and surveillance
of gynecologic malignancies, thus the objective of this study was to investigate the use of ctDNA and
TFx in a cohort of patients with ovarian and endometrial cancer.

2. Methods

2.1. Patient Identification and Clinicopathologic Data

Patients with pathologic diagnosis of ovarian or endometrial cancers at a single tertiary cancer
center 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 were non-consecutive and represented a diverse array of stages, grades, and other factors.
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 were considered ‘non-responders’. 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.

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%)
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No Evidence of Disease 3 (15.0%) 22 (43.1%) 25 (34.2%)
Missing 3 (15.0%) 3 (5.9%) 8 (11.0%)

2.2. 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.[8] 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.[8] Samples were excluded if the median absolute deviation (MAD) of the copy
ratios (2'o2 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.

2.3. 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.

3. Results

A total of 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 were collected (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 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.

The association of the first ‘sentinel’ blood draw with cancer and clinicopathologic
characteristics were assessed (Supplementary Figure S1; 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). 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). When evaluating association with clinicopathologic features, there was no
significant difference in primary versus recurrent settings within each individual cancer type
(ovarian t-test p=0.84; endometrial p=0.64), tumor histology within each cancer type (ovarian
Wilcoxon rank-sum p=0.24 endometrial p=0.62), or best overall therapy response (ovarian cancer
ANOVA p=0.40; endometrial p=0.99). 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).
No association between clinical and pathologic variables in endometrial and ovarian cancer was

significant after multiple test correction for either endometrial or ovarian cancer (Supplementary
Table S1).
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Table 2. Tumor Fraction by Metastatic Site.

; ; Maetastatic ; Standard Standard
Primary Site 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 'n&/Teural 3 0.016 0 0.027 0.016

Effusion
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 ~ -ung/Tleural 0.033 0.035 0.008 0.003

Effusion
Ovarian Node 1 0.107 0.107 - -
Ovarian Other 1 0.041 0.041 - -

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%.[8] We
visualized the dynamics of ctDNA TFx for the ten patients with the greatest dynamic range and at
least three samples (Figure 1A, Supplementary Figure S1G). 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 1A). Alternatively, for endometrial cancer there did not appear
to be a consistent trend, with modest increases and decreases all at relatively low TFx<6%
(Supplementary Figure S1G).
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Figure 1. 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-C) 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 (B) and endometrial cancer
(C), 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
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indicated. (C) Example case of newly diagnosed stage IIIC high grade serous ovarian cancer, germline
BRCA mutated with extremely high baseline TFx of 76% at time of initiation of carboplatin+paclitaxel
(top panel) with dramatic decline in TFx. The patient remains with no evidence of disease. (D)
Example case of recurrent high grade serous ovarian cancer, germline BRCA wild-type with baseline
TFx sample at time of Olaparib+nivolumab (nivo) initiation TFx of 11% (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%.

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.[6, 7, 8] 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 1B) or endometrial (Figure 1C) 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 1B). For
endometrial cancer, with a limited number of evaluable patients there was no appreciable trend (log-
rank p=0.53; Figure 1C).

We investigated example cases in greater detail: a patient with newly diagnosed stage IIIC high
grade serous ovarian cancer, germline BRCA mutated with high baseline TFx and dramatic decline
with initial therapy, without evidence of relapse to date (Figure 1B); and a patient with recurrent high
grade serous ovarian cancer, germline BRCA wild-type initiating salvage therapy with Olaparib and
nivolumab who demonstrated initial decline the rebound of ctDNA TFx (Figure 1C).

4. Discussion

The treatment of advanced gynecologic malignancies has significantly improved patient
outcomes, 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.

The present study evaluated the feasibility and utility of ctDNA TFx in ovarian and endometrial
cancer as a prognostic biomarker. To screen a large number of samples, we used a low-cost/high
throughput ULP-WGS assay that can enumerate TFx for <$200/sample. A strength of this study was
the large number of samples overall and, in addition, serial samples from individual patients over
time. Interestingly, most clinicopathologic features were not significantly associated with TFx —
which may reflect the low overall TFx values. While our data suggests that ctDNA is potentially
detectable, it rather dramatically reinforces that ctDNA TFx is overall very low in ovarian and
endometrial cancers.

Limitations of the ULP-WGS technique include the potential for small ctDNA yield particularly
in the setting of low tumor burden.[9] Further, there is evidence that ctDNA TFx may be lower in
peritoneal-based malignancies (such as appendiceal, colorectal, and ovarian cancers) than other solid
tumors.[10-13] Interestingly, we were able to detect ctDNA in patients with primarily peritoneal
disease, as well as metastases to other sites. This suggests that ‘low shed” of ctDNA may be more a
feature of ovarian and endometrial cancers themselves, rather than specific to the location (e.g.,
within the peritoneum).

Multiple patients with ovarian cancer demonstrated a high TFx at the time of initial collection
followed by rapid decline and persistently low TFx values, corresponding to treatment response. We
did not see a similar trend in endometrial cancer, however, Feng et al. assessed ctDNA as a biomarker
of disease relapse in high-risk endometrial cancers by target panel of 78 known cancer genes and
found an initial decrease in ctDNA from baseline to surgery in detectable cases, and subsequent
increase in conjunction with disease relapse.[14]

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
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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.

5. Conclusions

This study demonstrates that collection of ctDNA TFx by ULP-WGS is feasible in ovarian and
endometrial cancers, yet reinforces that both ovarian and endometrial cancers appear to have low
TFx irrespective of disease cancer type, stage (limited vs. advanced), or other clinicopathologic
features. Based on these findings, future studies should focus on high sensitivity assays

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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