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Background: Synchronous endometrial and ovarian carcinomas represent up to 10% of all endometrial and
ovarian tumors. These are diagnostically challenging cases to determine if they represent dual primary tumors or
related metastatic tumors.

g‘;?elio{;];g’;:e[:lmy Case: A 48-year-old was diagnosed with synchronous primary ovarian and endometrial malignancies on pa-
Clonality P thology based on traditional morphological parameters. However, following next generation sequencing (NGS)

of tumors from both the uterus and ovary, the malignancies were unequivocally recognized as primary uterine
tumor metastatic to the ovary using mismatch repair protein expression profile and tumor clonality.
Conclusion: NGS using FDA-approved commercially available platforms is becoming increasingly utilized to
understand the genetic landscape of tumors and select the appropriate targeted therapies for improved outcomes.
Simultaneous sequencing of synchronous endometrial and ovarian carcinomas may represent the new gold
standard to unequivocally demonstrate tumor clonal relationships, properly classify disease as well as guide the
most appropriate adjuvant treatment in these challenging cases.

1. Introduction

Endometrioid ovarian cancer commonly co-occurs with endome-
trioid endometrial cancer making the diagnosis of synchronous or
metastatic cancer challenging (Cybulska et al., 2019). In fact, the rela-
tively common co-occurrence of carcinomas in the endometrium and
ovary, estimated between 3.1-10 %, led to the development of the Scully
criteria in order to distinguish synchronous primary endometrial and
ovarian cancers from metastatic disease (Alhilli et al., 2012; Scully et al.,
1998). Scully criteria uses 8 components including histology, size,
presence of precursor lesions, location, and invasion pattern to distin-
guish between synchronous and metastatic endometrioid tumors (Scully
et al., 1998). However, increasing evidence has suggested that these
criteria are not completely accurate, with an increasing proportion of
cases initially considered to be dual primaries to be reclassified as
metastatic disease when molecular analysis is carried out (Chao et al.,
2016). While the prognosis for patients with stage I synchronous
endometrioid endometrial and endometrioid ovarian cancers is gener-
ally good and similar to stage I endometrioid endometrial cancer,

identifying/separating concurrent early stage cancers from metastatic
disease is important for proper staging, the selection of the most
appropriate adjuvant treatment and evaluation of patients’ eligibility for
clinical trials (Reijnen et al., 2020). Accordingly, the recent approval by
the FDA of multiple commercially available next generation sequencing
(NGS) platforms to test tumor gene mutations (ie. tumor clonality) may
represent a novel and effective approach in combination with traditional
pathologic criteria to unequivocally establish the diagnosis of synchro-
nous vs metastatic endometrial and ovarian cancers.

We present the case of a patient who was initially considered
harboring synchronous endometrial and ovarian tumors before being
subsequently diagnosed, unequivocally, with a uterine malignancy
metastatic to the ovary by NGS (ie. Foundation Medicine). Simultaneous
evaluation/sequencing of both synchronous uterine and ovarian tumors
by commercially available genetic platforms may allow a more precise
diagnosis and should be implemented to validate conventional pathol-
ogy reports in these challenging patients.
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2. Case

The patient is a 48-year-old premenopausal woman that underwent
an extensive gastrointestinal work up beginning in August 2023 for
abdominal discomfort, dyspareunia, pelvic bloating and pressure. While
undergoing a colonoscopy in December of 2023, difficulty was
encountered with colonic insufflation with subsequent pain and
discomfort following the procedure, raising concern for a colonic
perforation with the recommendation for immediate emergency room
evaluation. A CT of the abdomen and pelvis performed revealed a 16.1
by 13.4-centimeter mass likely arising from the adnexa causing a mild
hydronephrosis. There was also a small amount of ascites, nonspecific
induration of the omentum, and several subcentimeter pelvic sidewall
lesions.

Due to the concerning imaging findings, she was directed to a
consultation with gynecologic oncology. In addition to her gastrointes-
tinal symptoms, she was also reported to have experienced abnormal
uterine bleeding in the prior months. Her physical exam was found to
correlate with the imaging findings, with a large palpable mass occu-
pying the posterior cul-de-sac, with limited mobility and of uncertain
etiology. Lab work obtained at the time of presentation to gynecologic
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oncology was notable for a CA-125 of 5,240 U/mL and a CA 19-9 of
2,426 U/mL. The patient was recommended to undergo surgical man-
agement of this presumed complex adnexal mass with features con-
cerning for a gynecologic malignant process. She subsequently
underwent an exploratory laparotomy, total hysterectomy, bilateral
salpingo-oophorectomy, appendectomy, and optimal tumor cytor-
eduction in January 2024. The operative findings were significant for a
20 cm mass arising from the right fallopian tube and ovary with
extensive retroperitoneal fibrosis and a thickened appendix, with no
evidence of carcinomatosis in the upper abdomen. Her final pathology
revealed a stage IIIB moderately differentiated ovarian endometrioid
adenocarcinoma with ovarian surface and appendiceal involvement,
and a synchronous stage IA FIGO Grade 2 endometrial endometrioid
adenocarcinoma with superficial myometrial invasion and without
lymphovascular invasion (Fig. 1). Using Scully’s pathologic criteria tu-
mors were reported as most likely synchronous independent primaries.
Due to loss of MSH-6 expression on immunohistochemistry concerning
for Lynch syndrome she was referred to genetics. However, genetic
testing revealed no germline mutations in any of the MMR genes.
Accordingly, she was started on carboplatin and paclitaxel for her
advanced stage (ie. stage IIIB). Foundation Medicine (FM) testing was

Fig. 1. Pathologic features. The endometrial tumor (A) shows superficial myometrial invasion and shares morphologic similarities with the endometrioid adeno-
carcinoma in the ovary (B). Identical loss of nuclear MSH6 protein expression by immunohistochemistry is seen in both endometrial (C) and ovarian tumors (D).
Admixed stromas cells and lymphocytes serve as internal positive control. Higher magnification image of the ovary (E) with pseudo-stratified columnar tumor cells
exhibiting moderate nuclear atypia and focal necrosis. Sections from the appendix (F) demonstrate identical tumor morphology with serosal and muscularis propria
invasion. Note the uninvolved appendiceal mucosa on the top portion of image.
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initially requested on the ovarian specimen at time of discussion of the
gynecologic oncology tumor board. Subsequently, after additional dis-
cussion of the case at the Precision Medicine clinical trial meeting, the
uterine specimen was also sent to Foundation Medicine to analyze/
compare tumor gene mutations and clonality in both samples and
determine future eligibility for personalized targeted therapies and
possible enrollment in clinical trials.

Importantly, the originally diagnosed synchronous primary tumor in
the ovary was unequivocally appreciated by NGS to represent a metas-
tasis of the endometrial primary. Testing on tumor from the ovary and
uterus revealed a common deleterious hotspot mutation in MSH6
F1088fs*5 as well as multiple shared mutations including ERBB2, APC,
ARID1A, ERBB3, FBXW7, NRAS, PTEN, DNMT3A, and FLT1 (Fig. 2).
Consistent with the MSH6 F1088fs*5 findings, both tumor samples were
reported as MSI-H (by NGS) and showed loss of MSH6 expression by
immunohistochemistry. Mutational signatures were extracted using
base substitutions and additionally included information on the
sequence context of each mutation using SigProfilerMatrixGenerator
reference signatures using SigProfilerAssignment (Bergstrom et al.,
2019; Diaz-Gay et al., 2023). Obtained signature matrices were then
fitted to COSMIC version 3.4 (Alexandrov et al., 2020). The metastatic
ovarian tumor demonstrated a higher tumor mutation burden (TMB) of
65 Mut/Mb compared to the primary uterine tumor with 25 Mut/Mb
while both tumors demonstrated typical genetic signatures consistent
with MMRd tumors (Fig. 1) (Alexandrov et al., 2020). In light of the NGS
data, the diagnosis was revised to a stage IVB MMRd endometrioid
endometrial adenocarcinoma and the adjuvant treatment plan was
expanded to include use of pembrolizumab in combination with car-
boplatin and paclitaxel in accordance with NCCN guidelines for
advanced stage endometrial cancer.

3. Discussion

Identification of the primary tumor origin in synchronous ovarian
and uterine cancers is often a challenge in the daily practice of gyne-
cologic oncology but is critical to provide appropriate treatment rec-
ommendations. Fundamental to diagnostic pathology is the use of H&E-
stained tissue samples and immunohistochemistry (IHC), which may be
adequate to establish the differential diagnosis. However significant
morphologic/phenotypic overlap often exists among gynecologic pri-
maries and between histologic subtypes requiring additional workup to
definitively finalize the diagnosis of synchronous vs metastatic tumors
(Buza and Hui, 2017).

Molecular characterization provides clinically relevant information
beyond tumor grade and histology provided by pathology. Molecular
profiling facilitates prognostication and tailored treatment decision
making based on the identification of actionable genomic alterations.
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The Cancer Genome Atlas was pivotal in bringing molecular charac-
terization of endometrial cancers into the spotlight. It exemplified that
genomic based classifications of tumors can lead to improved manage-
ment, while also emphasizing that molecular differences require indi-
vidualized treatment paradigms (Getz et al., 2013). It led way for
multiple organizations to promote molecular characterization, has
influenced the design of clinical trials, and defined prognostic groups. As
such, The FIGO Committee on Women’s Cancer updated endometrial
cancer staging in 2023 to include histology and molecular findings to
better reflect the underlying nature of endometrial carcinoma (Berek
et al., 2023). Complete molecular classification including POLEmut,
MMRd, NSMP, and p53abn is utilized to stratify patients into stages that
both reflect prognosis and guide treatment decisions (Berek et al., 2023).

Recently, several commercially available NGS platforms have been
approved by the FDA and accordingly, have become popular options to
analyze multigene panels in endometrial cancer patients. Targeted or
whole exome genome sequencing results provide an understanding of
the molecular classifications outlined by the Cancer Genome Atlas
including information on somatic and germline mutations, substitution,
deletions, insertions, chromosomal rearrangements and genetic signa-
tures. Importantly, tumor mutation burden (TMB), an information
commonly reported in NGS reports, can aid in predicting response to
immunotherapy, with a higher TMB generating more neoantigens that
can provoke a more effective T-cell response (Sha et al., 2020). Impor-
tantly, when determining if endometrial and ovarian endometrioid
carcinomas are synchronous independent primaries or represent meta-
static tumors, mutational analysis can consistently reveal shared somatic
mutations to determine clonality (Chao et al., 2016). During the process
of carcinogenesis, subclones have the same inherited genetics, therefore
the patterns of somatic mutations and epigenetic alterations can be used
to identify clonality. However, tumors that originate from the same
progenitor cells will continue to dedifferentiate through clonal evolution
and transform leading to the subsequent subpopulations with additional
genetic alterations (Cheng et al., 2013). Accordingly, this is commonly
reflected in a higher TMB in metastatic disease sites when compared to
primary tumors as we demonstrated in the genetic analysis of the uterine
and ovarian tumors of this patient as well as previously using WES in
multiple matched primary vs metastatic ovarian cancers (Li et al., 2019).
Clonality can be established by similar patterns of loss of heterozygosity,
identical genomic mutations, or chromosomal alterations (Cheng et al.,
2013). Of interest, in endometrial cancer, MSI has been shown to reli-
ably confirm clonality (Kaneki et al., 2004). In this patient, similar
features on histology prompted sequencing of both the ovarian and
endometrial tumor to determine the existence of clonality and was
successfully covered by insurance.

As we strive to provide enhanced care to our patients and novel
treatments to improve outcomes, molecular profiling of tumors plays a
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Fig. 2. Repertoires of somatic mutations in the uterine (UEAE) vs the ovarian (OEA) endometrioid tumors. A) The Venn diagram represents the total number of
somatic mutations (silent single-nucleotide variants (SNVs), nonsynonymous SNVs, and insertions/deletions) that are unique to the uterine and ovarian cancers and
that are shared between them. B) Mutational signatures of all somatic SNVs in the uterine and ovarian cancer are displayed according to the 96 substitution
classification defined by the substitution classes (C > A, C > G,C> T, T> A, T > C, and T > G bins) and the 5’ and 3’ sequence context, the overall distribution of
substitutions, and their assignment to single base substitutions signatures according to COSMIC version 3.4. OEA: ovarian endometrioid adenocarcinoma; UEAE:
uterine endometrial adenocarcinoma endometrioid; SBS: single base substitution signature; SBS1 & SBS5: related to aging; SBS15 & SBS20: related to MSL
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paramount role. Its use is not only imperative for ascertaining a correct
diagnosis in certain situations, but also facilitates directed treatment at
targetable mutations. This case demonstrates how the use of NGS (ie
Foundation Medicine testing) both clarified the patient’s diagnosis and
subsequently led to a change in adjuvant treatment. Although the use of
established histological parameters may be adequate in many cases, in
situations where it is difficult to distinguish the relationship of tumors,
genomic analysis remains paramount to establishing clonality and lead
to a precise diagnosis. In this case presented, the clonal relationship and
MSI-H characteristics proved the connection between the primary and
metastatic tumor endometrioid tumor. The increasingly important role
of molecular classification, reflected in the updated endometrial cancer
FIGO staging, is pivotal for understanding of prognosis and guidance of
treatment, and as such requires providers to advocate for the financial
authorization of molecular testing of both tumor sites. In conclusion, we
demonstrate the importance of profiling synchronous uterine and
ovarian tumors using FDA approved NGS platforms to unequivocally
determine the primary site of disease and establish the most appropriate
plan for subsequent management of these challenging cases/patients.

4. Consent

Written informed consent was obtained from the patient for publi-
cation of this case report. A copy of the written consent is available for
review by the Editor-in-Chief of this journal on request.
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