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a b s t r a c t
Somatic PTEN alterations are common in endometrial carcinoma (EC), but in rare cases PTEN mutations are associated with inherited syndromes. Here, we present a case of Cowden syndrome-associated EC. We discuss clinical, pathologic and molecular features of her tumor and PTEN-mutated EC, inherited syndromes predisposing to
EC and PTEN-targeted therapies.
© 2021 Elsevier Inc. All rights reserved.

1. Presentation of case
A 39-year-old patient presented with 6 months of polymenorrhea
and abdominal pain. Her medical history was unremarkable, however
she reported a family history of renal clear cell carcinoma diagnosed
in her father at age 50. Pelvic examination was notable for three 1 cm
friable polypoid lesions that protruded through the external cervical
os, and a polypectomy was performed. Pathologic examination revealed
inﬁltration of the polyp by an endometrioid-type adenocarcinoma.
The patient underwent transvaginal ultrasound and hysteroscopy,
which demonstrated an endometrial cavity with multifocal exophytic
lesions. Targeted sampling revealed a FIGO grade 1 endometrioid carcinoma with squamous differentiation. Subsequently, contrast-enhanced
magnetic resonance imaging (MRI) showed an endometrial tumor
with cervical extension and deep myometrial invasion as well as a left
ovarian mass (Fig. 1). The patient underwent total abdominal hysterectomy, bilateral salpingoophorectomy, appendectomy, omentectomy,
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mesenteric implant resection, and bilateral pelvic and paraaortic
lymphadenectomy. Histologic assessment of the surgical specimen rendered a diagnosis of a grade 1 stage IIIC (FIGO 2009) endometrioid endometrial carcinoma (EC) with left ovarian and pelvic lymph node
metastases. The tumor was mismatch repair (MMR) proﬁcient by immunohistochemistry (IHC). Following surgery, the patient was treated
with four cycles of carboplatin and paclitaxel. Interval imaging demonstrated persistence of retroperitoneal and pelvic lymphadenopathy, and
the patient was transitioned to external beam radiation therapy (EBRT;
4680 cGy) and weekly paclitaxel for 6 cycles following the institutional
standard of care at that time, and achieved complete remission.
A few months later, a suspicious left breast lesion was detected on
computerized tomography (CT) surveillance. A core biopsy demonstrated a low-grade invasive ductal carcinoma, and lumpectomy and
sentinel lymph node dissection were performed. The patient was staged
as pT2pN1mi(mol+), and the invasive breast cancer was estrogen receptor (ER)-positive/ progesterone receptor (PR)-negative/ HER2negative and had an Oncotype DX recurrence score of 24. The patient
was treated with hypofractionated axillary radiation at a dose of
40.05 Gy followed by a 9 Gy boost and hormonal therapy (tamoxifen,
followed by leuprorelin and exemestane), and she achieved complete
remission.
In the setting of her multiple cancer diagnoses at age 39, the patient
was referred to genetic counseling. Lynch syndrome was ruled out given
the absence of microsatellite instability in the EC and the retained MMR
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Fig. 1. Pre-therapy imaging studies of the abdomen and pelvis.
A, Axial T2 weighted magnetic resonance (MR) image shows endometrial tumor with extension into the cervix (white arrow) and heterogeneous left ovarian mass with solid and cystic
components (black arrow). B, Sagittal T1 weighted sagittal MR image demonstrates deep myometrial invasion (black arrow): the endometrial tumor is hypointense relative to the
hyperintense enhancing myometrium with invasion of the outer half of the myometrium.

2. Pathology review of the endometrial and breast lesions

protein expression in both endometrial and breast tumors. Physical
examination revealed macrocephaly as well as multiple skin lesions
consistent with trichilemmoma (hamartomas of the hair follicle).
Germline testing demonstrated a p.Q110fs*5 frameshift mutation in
the phosphatase and tensin (PTEN) gene, and a diagnosis of Cowden
syndrome (CS) was rendered.

Pathologic evaluation of the patient's endometrial tumor revealed a
low-grade EC with bilateral ovarian metastases and pelvic lymph node
involvement (previously reported in [1]). The uterus contained a large
irregular mass of gray-white tissue, 4 cm in largest diameter, which

Fig. 2. Pathology of the endometrial carcinoma.
A, Gross appearance of the uterus showing a 4 cm mass protruding into endometrial cavity (right) and ovarian metastasis (left). Reprinted from WHO Classiﬁcation of Tumours Editorial
Board. Female Genital Tumours. Lyon (France), IARC 2020 [2]. B, Representative hematoxylin and eosin-stained section showing a grade 1 endometrioid endometrial carcinoma with complex cribriform glands and marked squamous and morular differentiation (20×). C, PTEN immunohistochemical expression of endometrial carcinoma (DAB 20×; Clone 6H2,1; Agilent/
Dako). Tumor cells show loss of expression of PTEN in the presence of internal controls. Scale bars, A, 100 μm, B, 50 μm.
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BRCA2 mutations when compared with expected incidence rates, although absolute risk by age 75 remains low (3.0%) for the germline
BRCA1/2 population [14]. While less common, germline alterations in
PTEN also represent an important contributor to germline EC risk.

protruded into the endometrial cavity (Fig. 2A) [2]. It was composed of
tubular glands with irregular and angulated proﬁles (Fig. 2B). Marked
complexity with fusion of the glands and cribriform masses was
also seen. Squamous and morular differentiation was observed across
the tumor. Tumor architecture was predominantly glandular and
corresponded to FIGO grade 1 disease (Fig. 2B). The tumor was associated with more than 50% myometrial invasion as well as cervical stromal invasion. Extensive lymphovascular space invasion was seen, with
more than 5 vessels with tumor emboli. The histologic features of the
ovarian and pelvic lymph node metastases were similar [1]. By IHC,
tumor cells were strongly ER-positive, and wild-type p53 expression
and retained expression of the MMR proteins MLH1, MSH2, MSH6 and
PMS2 was observed.
The invasive ductal carcinoma not otherwise speciﬁed (NOS) of the
breast (SBR differentiation grade I, MSBR nuclear grade II) was ERpositive/HER2-negative and had a low Ki-67 index. PTEN IHC was performed in both the endometrial and breast lesions, which revealed
lack of PTEN expression in the tumor cells in the presence of a positive
internal stromal control (Fig. 2C). Sanger sequencing analysis of normal
tissue-derived DNA demonstrated the presence of a PTEN p.Q110fs*5
germline mutation.

5. Characteristics of CS and germline PTEN mutations
CS is an autosomal dominant condition arising from germline mutations in the PTEN gene that is associated with increased cancer risk,
including EC [15]. PTEN, located on chromosome 10q23.31, encodes
a tumor suppressor protein that regulates the phosphatidylinositol
3-kinase (PI3K)/AKT signaling pathway via dephosphorylation of
phosphatidylinositol-3,4,5-triphosphate (PIP3) [16]. Somatic mutations
in PTEN have been found in many tumor types, including brain, skin and
prostate, and it is one of the most commonly altered genes in EC [16,17].
Heterozygous germline mutations in PTEN are associated with
the PTEN hamartoma tumor syndrome (PHTS), which includes CS,
Bannayan-Riley-Ruvalcaba syndrome (BRRS), PTEN-related Proteus
syndrome (PS), and PTEN-related Proteus-like syndrome [15,18]. CS is
estimated to affect 1 in 200,000 individuals, with penetrance related
to age. Most CS patients present with mucocutaneous lesions by their
late twenties, however the clinical presentation can be variable and subtle, leading to potential under-diagnosis [15,19]. Additionally, germline
mutations in succinate dehydrogenase genes as well as promoter methylation of KILLIN, a gene upstream of PTEN with the same transcriptional
start site but opposite direction, have also been found in patients with
clinical features of CS but without germline PTEN mutations [7,20].
To aid in diagnosis, the National Comprehensive Cancer Network
(NCCN) has modiﬁed the original consortium clinical criteria to
include family history as well as major/minor criteria [12]. The major
criteria include breast cancer, thyroid cancer (follicular type), macrocephaly (≥97th percentile), Lhermitte-Duclos disease (presence of a
cerebellar dysplastic gangliocytoma), gastrointestinal hamartomas or
ganglioneuromas, macular pigmentation of glans penis, mucocutaneous
lesions such as one biopsy-proven trichilemmoma, multiple palmoplantar keratoses, multifocal or extensive oral mucosal papillomatosis,
or multiple cutaneous facial papules, and EC. Minor criteria include
autism spectrum disorder, colon cancer, esophageal glycogenic
acanthoses (≥3), lipomas (≥3), intellectual disability (IQ ≤ 75), renal
cell carcinoma, papillary thyroid cancer, benign thyroid lesions (adenomas, multinodular goiter), testicular lipomatosis, or vascular anomalies
[12,15,19]. A diagnosis of CS is assigned if three major criteria (with at
least one including macrocephaly, Lhermitte-Duclos disease, or GI
hamartomas) or two major and three minor criteria are present. Diagnosis in the setting of a family history of CS is assigned if any two
major criteria, one major and two minor criteria, or three minor criteria
are present. Given the heterogeneity and concerns for under-diagnosis,
the Cleveland Clinic score was also developed from a prospective cohort
of 3042 probands as a risk calculator tool for estimating probability of
germline PTEN mutations in adult patients without a family history.
This showed high sensitivity in identifying patients with germline
PTEN mutations [21].
CS is associated with an increased lifetime risk of cancer (~85%), particularly breast, thyroid, endometrial, colon, melanoma and kidney cancers [19,22]. The estimated lifetime risk of breast cancer ranges from 35
to 50% in older studies [19] and up to 80–90% in more recent studies
[22], with average age of diagnosis ranging from late 30's to early 40's
[19]. Estimated lifetime risk of follicular or papillary thyroid cancer is
10–30%, whereas medullary thyroid cancers are not felt to be a part of
CS [19,22]. The estimated lifetime risk of EC ranges from 5 to 30%
[19,22]. More recent studies have also revealed an increased risk of
renal cell carcinoma (~30% lifetime risk), colorectal cancer (~10% lifetime risk) and melanoma (~5–10% lifetime risk) [22]. Uterine ﬁbroids,
ovarian cysts and other benign gynecologic ﬁndings may also be common, although exact incidence is unknown [22].

3. Pathology of PTEN mutations
PTEN plays an important role in the early stages of endometrial tumorigenesis. Until recently, there was lack of well-validated antibodies
to reliably detect and interpret PTEN loss by IHC [3], however PTEN IHC
analysis has since improved and is now considered a reliable surrogate
marker for PTEN mutations [4].
PTEN mutations are occasionally detected in normal endometrial
cells in premenopausal women by lack of PTEN expression by IHC [5].
It is thought that, in the absence of estrogenic excess, these glands are
shed during menses. When a patient is under estrogen stimulation as
in the setting of obesity, PTEN-null glands may overgrow and give rise
to endometrial hyperplasia, endometrioid intraepithelial neoplasia,
and ultimately, endometrioid EC. In fact, identical PTEN mutations
have been detected in hyperplasias preceding or coexisting with EC
[6]. The role of PTEN in endometrial tumorigenesis is also reﬂected by
the increased frequency of EC in patients with germline PTEN mutations.
There is a paucity of data on the pathologic features of ECs arising in
patients with CS. In a review of 371 prospectively enrolled patients with
CS and Cowden-like syndrome and EC, endometrioid carcinoma was the
predominant histologic subtype [7]. Other studies have reported that EC
occurs at earlier age in CS in comparison with other hereditary syndromes with predisposition to EC, and retrospective studies have
shown that EC diagnoses occur before age 50 in up to 40% of CS patients
[7,8]. In summary, early age of presentation, clinical setting,
endometrioid morphology, and lack of PTEN expression by IHC may
provide useful clues in diagnosing a patient with CS.
4. Inherited syndromes predisposing to EC
Although many environmental risk factors for EC have been identiﬁed, an inherited predisposition is thought to be present in about 5%
of women with this disease [9,10]. The most common inherited syndrome in EC is Lynch syndrome, which is associated with MMRdeﬁcient (MMRd)/microsatellite instability-high (MSI-H) tumors, as
well as colon cancers and other cancers exhibiting an MMRd/MSI-H
phenotype [11]. As a result, universal MMR/MSI testing is recommended in EC to identify patients for Lynch syndrome testing and subsequent cancer prevention [12]. In a small subset of EC patients,
germline mutations in CHEK2, POLD1/POLE, MUTYH, and other genes involved in DNA repair have been identiﬁed [8,10,13]. There are
burgeoning data to suggest a mildly increased risk of serous-like EC,
endometrioid EC, and p53-abnormal EC in those with germline BRCA1
mutations as well as an increased risk of serous-like EC in germline
16
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To compare whether the proﬁle of somatic mutations affecting
cancer-related genes in this CS-related EC harboring a germline PTEN
mutation would be distinct from that of sporadic ECs with somatic
PTEN mutations, we performed hierarchical cluster analysis, which
groups tumors based on their similarity in mutation proﬁles. Using the
CS-related EC described here and 77 sporadic PTEN-mutant ECs of CNL molecular subtype from TCGA [23] and a curated set of 505 cancerrelated genes [27], we found that the CS-related EC intermingled with
the sporadic PTEN-mutant ECs rather than forming a separate branch/
cluster (Fig. 3D). These ﬁndings provide evidence that the somatic cancer gene-related mutation proﬁle of this CS patient's EC is consistent
with that of sporadic CN-L PTEN-mutant ECs.

Recommendations for management of increased cancer risk in CS
vary. Given the elevated risk of breast cancer, the NCCN recommends
self-exams and education beginning at age 18, a clinical breast exam
every 6–12 months starting at age 25, and annual mammography and
breast MRI starting at age 30–35 or 5–10 years before the earliest
known breast cancer in the family (whichever comes ﬁrst). Riskreducing bilateral mastectomy can be considered on an individual
basis. Recommendations also include annual thyroid ultrasound
starting at age 7, annual dermatologic exams, and colonoscopy every
5 years, or more frequently if symptomatic or polyps are identiﬁed,
from age 35 or 5–10 years before the earliest known colon cancer in
the family (whichever comes ﬁrst). Consideration of renal imaging
every 1–2 years beginning at age 40 is also recommended. Screening
for EC is more controversial as it has not been shown to reduce mortality, however additional imaging, endometrial biopsy, or risk-reducing
hysterectomy after completion of child-bearing may be considered on
an individual basis [12].
Although EC has been recognized as a key component of CS, its prevalence and clinical features are not well characterized. A study evaluating EC patients with CS or CS-like clinical picture (more relaxed criteria
than those of NCCN) found germline PTEN mutations in 7% of patients,
germline SDHX mutations in 9.8%, and KILLIN promoter hypermethylation in 10.5% of patients [7]. Although associations with speciﬁc genomic characteristics are unknown, CS was more likely to be present in
those with EC and age at diagnosis <50, macrocephaly, and concurrent
renal cell carcinoma [7]. This study and others highlight the low yield of
germline testing in unselected EC patients [10], however certain clinical
features such as those seen in this patient, including younger age of diagnosis, macrocephaly, and concurrent cancers, may warrant germline
assessment.

7. Management of EC patients and therapies targeting the PTEN
pathway
Adjuvant therapy after primary EC surgery is determined by clinicopathologic features including age, histologic type, grade, stage and
lymphovascular space invasion [28,29]. For patients with stage III disease, as in this case, chemotherapy with radiation is often preferred to
pelvic radiation alone based in part on the results of PORTEC-3 [30]. In
recurrent disease, potentially curative treatment is largely based on location of recurrence and prior treatment [28,29]. In the remaining
women with widespread or distant recurrence, systemic therapies are
recommended and include chemotherapy, immune-based therapies
(with or without oral tyrosine kinase inhibitors, depending on microsatellite stable vs MSI-high status, respectively), hormonal therapies, and
clinical trials. Although current treatment recommendations in primary
and recurrent EC are based on clinicopathologic factors, emerging data
have begun to associate prognosis and therapeutic responses with the
four TCGA molecular subtypes. For example, a subgroup analysis of
PORTEC-3 using TCGA molecular subtypes showed greater beneﬁt for
the addition of chemotherapy to pelvic RT in the CN-H and CN-L groups
compared to the MSI and POLE groups [31], emphasizing the need for a
targeted approach to treatment in this heterogeneous disease.
Efforts to identify therapeutic targets for patients with PTENmutated EC have focused on the PI3K/AKT/mTOR pathway, as PTEN is
a negative regulator of this cell growth and survival signaling pathway
[32–34]. It has been hypothesized that tumors with PTEN loss of function and subsequent activation of the mTOR pathway may preferentially
respond to mTOR inhibitors [33,35]; however, this has not borne out in
clinical studies. The mTOR inhibitors everolimus [36], temsirolimus [37],
and ridaforolimus [38] have modest single-agent activity in phase II
studies, and everolimus with letrozole had an objective response rate
(ORR) of 32% in recurrent EC, with particular efﬁcacy in those with
endometrioid histology [39]. In a follow-up randomized phase II study
of everolimus and letrozole versus standard of care hormonal therapy
(GOG 3007), however, response rates were similar (ORR, 24% vs 22%,
respectively) [40]. Additionally, a randomized phase II study of
temsirolimus with or without megestrol acetate and tamoxifen (GOG
248) conﬁrmed the modest activity of temsirolimus (ORR 22%), although the combination arm was stopped early due to an excess of venous thrombosis [41]. Tumor mutational analysis of GOG248 found no
association between PTEN mutation and efﬁcacy of temsirolimus [42].
In CS patients speciﬁcally, studies have investigated the impact of
mTOR inhibitors on dermatologic, endoscopic, and neurologic symptoms. One study of 18 CS patients reported that 67% of patients experienced improved symptoms after a 56-day course of sirolimus [43], and
it was proposed that sirolimus may be investigated as a prophylactic
agent in prevention of malignancy in these patients.
More recent studies have investigated therapies targeting other
components of the PI3K/AKT/mTOR pathway, including PI3K, AKT, and
dual inhibitors, with minimal activity noted [44]. Many PI3K inhibitor
clinical trials were limited by signiﬁcant toxicity [45,46]. A recent
study of the dual PI3K/mTOR inhibitor samotolisib (LY3023414) reported an ORR of 16% with manageable safety proﬁle in a population

6. Molecular features and mutational signatures analysis
of PTEN-mutant ECs
PTEN is one of the most recurrently altered genes in EC, with approximately 55–65% of unselected sporadic ECs harboring a somatic PTEN
mutation, primarily in the form of truncating or missense mutations
[23]. In The Cancer Genome Atlas (TCGA) EC study, PTEN was found to
be altered in the majority (>75%) of ECs of POLE, MSI hypermutated
or copy-number low (CN-L) molecular subtype, however it was rarely
altered (<10%) in copy-number high (CN-H) ECs [23]. In addition, somatic PTEN mutations often co-occur with other alterations in the
PI3K pathway, including PIK3CA, PIK3R1 and/or KRAS mutations [23,24].
The landscape of somatic mutations of ECs arising in the setting of CS
has not been previously described. The EC and synchronous ovarian
cancer (OC) as well as matched normal tissue of the case presented
here have been subjected previously to whole-exome sequencing (reported in [1]), which revealed that the EC and OC were clonally related
and that the OC likely stemmed from a minor subclone of the EC (reported in [1,25]). Reanalysis of the sequencing data together with the
IHC proﬁle revealed that the EC was of CN-L (endometrioid) molecular
subtype (i.e. lacking POLE and TP53 mutations and MMR proﬁcient). The
EC and the OC harbored 36 and 34 non-synonymous somatic mutations,
respectively, of which 20 were shared (Fig. 3A). No somatic PTEN mutation was identiﬁed, however loss-of-heterozygosity of the wild-type allele was present in both the EC and OC (Fig. 3A). Akin to the mutations
found in sporadic CN-L ECs, the Cowden-related EC and OC both harbored a CTNNB1 D32Y hotspot mutation as well as a PIK3R1 mutation.
We have shown previously that almost 80% of sporadic CN-L ECs have
a dominant mutational signature 1 related to aging [26]. Similarly, this
patient's EC displayed a dominant aging-related mutational signature
1 (Fig. 3B). As expected for an EC of CN-L molecular subtype, both the
EC and OC were genomically relatively stable, and only few copy number alterations were found, including gains of chromosomes 1q, 7 and
10p, which were present in both the EC and the OC (Fig. 3C) [1].
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Fig. 4. Pre-operative imaging of the posterior cranial fossa.
A, Axial T2 weighted magnetic resonance (MR) image shows a hyperintense lesion with folial thickening in the right cerebellum, a characteristic ﬁnding of dysplastic cerebellar
ganglioytoma (Lhermitte-Duclos disease). B, Representative hematoxylin and eosin-stained section (20×) showing the histologic features of the dysplastic gangliocytoma of the
cerebellum with dysplastic ganglion cells. Scale bar, 50 μm.

of EC, both in CS patients and in the 55–65% of sporadic EC patients
whose tumors harbor a somatic PTEN mutation.

selected for PI3K pathway mutations, including PTEN [47]. Similarly,
studies of AKT inhibitors have also been limited by toxicity and report
minimal activity [48,49]. A phase I study of the oral AKT inhibitor
GSK2141795 did report two partial responses, one in a patient with
PTEN loss observed in her tumor [50].
ECs are associated with obesity, and there is an increasing appreciation for the role of the PI3K pathway in driving insulin resistance and
cancer growth. This has spurred the investigation of metabolic therapies
for EC [51,52]. Preclinical studies have shown promising activity for
metformin in EC cell lines [53,54]. The addition of metformin to everolimus and letrozole, however, resulted in similar results to previous trials of everolimus and letrozole and standard of care hormonal therapy
[55]. Furthermore, GOG 286 (NCT02065687), a randomized phase II/III
study of paclitaxel/carboplatin with and without metformin in Stage
III or IVA, Stage IVB, or recurrent EC showed no additional beneﬁt to
the addition of metformin [56]. Novel studies are also looking at the
role of a ketogenic diet in newly diagnosed, obese and overweight EC
patients (NCT03285152), an intervention which has been shown to be
safe in regards to blood lipid levels [57].
Ultimately, the PI3K/PTEN pathway is critical in many ECs, including
in patients with CS. An understanding of this pathway and its targeted
therapies is necessary for the ongoing improvement in the treatment

8. Case resolution
Several months after CS diagnosis, the patient developed a headache
accompanied by visual disturbances. A brain MRI demonstrated a right
cerebellar lesion with signiﬁcant mass effect and fourth ventricular effacement resulting in supratentorial obstructive hydrocephalus and incipient signs of transtentorial herniation (Fig. 4A). The patient
underwent surgical resection of the tumor by suboccipital craniectomy.
Pathologic examination demonstrated a dysplastic gangliocytoma of the
cerebellum (Lhermitte-Duclos), grade I (WHO; Fig. 4B).
Following her craniectomy, the patient began multidisciplinary
follow-up per NCCN screening guidelines. Thyroid ultrasound and colonoscopy revealed a multinodular goiter and colonic hamartomatous
polyp. A risk-reducing bilateral mastectomy was performed with preservation of the areola-nipple complex. The patient also underwent a
total thyroidectomy, and pathologic analysis conﬁrmed the diagnosis
of goiter.
Thirty months after her initial EC surgery, a PET-CT demonstrated a
pulmonary mass. The patient was subjected to a segmentectomy of

Fig. 3. Somatic genetic alterations of the Cowden syndrome-related endometrial and ovarian carcinoma.
A, Repertoire of somatic mutations of the Cowden syndrome (CS) patient's primary endometrial (EC) and synchronous ovarian carcinoma (OC) subjected to whole-exome sequencing
[1,25]. Mutation types are color-coded according to the legend. Both the EC and the OC arising in this PTEN germline mutation carrier share somatic mutations, including a CTNNB1
hotspot mutation and a PIK3R1 mutation, suggesting that these two lesions are related rather than being two independent primary tumors. B, Mutational signatures provide
information about the mutational processes, such as speciﬁc DNA repair deﬁciencies or DNA damage, that have occurred throughout tumor development [58]. Mutational signatures of
the EC (left) and the synchronous OC (right) deﬁned by DeconstructSigs [59] are shown. Akin to sporadic copy-number low (CN-L) ECs, which we have shown previously to harbor a
dominant mutational signature 1 related to aging in the majority of cases [26], both the EC and OC of this CS patient display a dominant aging-related mutational signature (signature
1) [1,25], color-coded according to the legend. C, Copy number plots of the EC (top) and the OC (bottom) with the Log2-ratios plotted on the y-axis and the genomic positions on the
x-axis [1]. Both the EC and OC occurring in this CS patient share the same copy number gains and losses, including a 1q gain. D, Hierarchical cluster analysis of somatic mutations
identiﬁed in 505 cancer-related genes [27] using complete linkage and Euclidian distance metric, including the CS patient's EC from this study (Cowden_EC), which harbors a PTEN
germline mutation and is of CN-L molecular subtype, and 77 sporadic PTEN-mutant ECs of CN-L molecular subtype from The Cancer Genome Atlas [23]. This CS-related EC intermingles
with the sporadic PTEN-mutant ECs, rather than forming a distinct cluster, suggesting that their somatic mutational proﬁles are similar.
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the right superior lobe with mediastinal lymph node dissection. Pathologic examination demonstrated 1.3 cm metastatic ER-positive
endometrioid adenocarcinoma of similar histologic grade as the primary EC. Eight mediastinal lymph nodes were negative for neoplasia.
As the platinum-free interval was ﬁve and a half years, the patient subsequently underwent six cycles of carboplatin and paclitaxel. The case
was discussed in the institutional multidisciplinary tumor board. Several possibilities were considered, including inhibition of the PI3K pathway, but maintenance therapy with letrozole was chosen given the
tumor's ER positivity. This led to prolonged remission, and the patient
remains alive without evidence of disease ten years following her initial
presentation.
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