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1. Introduction 

Endometrial cancer (EC) has overtaken ovarian cancer as the leading 
cause of death from gynecologic malignancy in 2024 in the United States 
(Siegel et al., 2024). Most ECs are low-grade and early-stage and are 
considered curable (Siegel et al., 2024; Lu and Broaddus, 2020). Disease 
stage, grade, histology and, more recently, molecular subtype are the 
primary clinico-pathologic determinants of prognosis in EC, and distant 
metastasis is often cited as the worst prognostic factor (Lu and Broaddus, 
2020). In a single-institution retrospective review of recurrent EC, the 
most frequently observed sites of relapse were lymph nodes (46 %), 
vagina (42 %), peritoneum (28 %) and lung (24 %) (Sohaib et al., 2007). 
Surveillance, Epidemiology and End Result (SEER) population-based 
studies of patients with EC reported the most common sites of distant 
metastases were lung (1.5–1.8 %), followed by liver (0.8–0.9 %), bone 
(0.6–0.7 %), and brain (0.2 %) (Li et al., 2019; Mao et al., 2020). The 
molecular processes underpinning distant metastasis in EC are not well 
understood. Previous phylogenetic analyses by our group and others 
indicated that metastases typically arose from a common ancestral 

subclone that was not detected in the matched primary tumor, and ac-
quire additional genetic instability events through defects in DNA repair 
mechanisms (e.g., microsatellite instability (MSI)), or additional muta-
genesis processes (e.g., apolipoprotein B mRNA-editing enzyme cata-
lytic polypeptide, APOBEC) (Gibson et al., 2016; Dessources et al., 2020; 
Ashley et al., 2019). With increased focus on the molecular classification 
in EC, a better understanding of the molecular process of lung metastasis 
may provide an opportunity for targeted therapy and the identification 
of markers of distant metastasis. In this case report, we sought to char-
acterize the genetic underpinning of two primary ECs compared to their 
matched lung metastases. 

2. Material and methods 

Following institutional review board (IRB) approval and written 
informed consents, a retrospective institutional database from 8/ 
2017–8/2020 was queried for ECs with lung metastasis (n = 100). Pa-
thology reports were reviewed to determine if tissue samples of both the 
primary EC and matched lung metastases were available for analysis 
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within our institution (n = 7). Hematoxylin and eosin (H&E)-stained 
sections underwent pathology re-review (E.K., F.D., M.H.C.). For two 
cases, there was sufficient tissue available for DNA extraction and 
sequencing. The primary EC, distant metastases (case 1: lung; case 2: 
lung and brain) and matched normal tissue from these two cases were 
subjected to microdissection, DNA extraction and whole-exome 
sequencing (WES; median coverage, 183x; range, 104-216x tumors; 
65x and 133x normal tissues) (Table 1). Sequencing data were analyzed 
for the identification of non-synonymous somatic mutations, copy 
number alterations, and clonality/ cancer cell fractions of the mutations 
identified using state-of-the-art bioinformatics tools (Dessources et al., 
2020; Safdar et al., 2022). Mutational signatures were identified to 
assess the underlying mutational processes, based on all somatic muta-
tions (synonymous and non-synonymous) using deconstructSigs, and 
microsatellite instability (MSI) was defined using MSIsensor, as previ-
ously described (Dessources et al., 2020; Ashley et al., 2019). β-catenin 
immunohistochemical analysis was performed on representative tissue 
sections of primary EC, and lung/brain metastases, as previously 
described (Dessources et al., 2020). Immunohistochemistry of the 
mismatch repair proteins (MMR; i.e., MLH1, PMS2, MSH2, and MSH6) 
was performed for both cases as well as MLH1 promoter methylation 
assessment in the primary EC and metastases of case 2, as described 
(Dessources et al., 2020). 

3. Results 

3.1. Case 1 

This is a 74-year-old woman diagnosed with stage IA grade 2 endo-
metrioid EC (FIGO 2009). The patient underwent staging surgery fol-
lowed by intravaginal radiation therapy. Thirty-eight months after her 
initial surgery, she developed oligometastatic disease at the lung right 
upper lobe which was resected (Table 1). Morphologically, the primary 
uterine tumor was composed of low-grade endometrioid glands with 
prominent morular metaplasia and mature squamous differentiation 
with keratinization (Fig. 1A). In the lung, more areas of solid growth, 
which focally showed a basaloid appearance, were present, suggestive of 
transition to higher grade, though these areas were quantitatively 
insufficient for classification as FIGO grade 3. As the primary EC was 
POLE wild-type, microsatellite stable and p53/TP53 wild-type, the mo-
lecular subtype class was copy number-low/ no specific molecular 
subtype (NSMP) (Table 1). 

WES analysis of the primary FIGO grade 2 endometrioid EC (C1-P) 
revealed the presence of 81 non-synonymous somatic mutations, 
including a clonal PTEN loss-of-function mutation (p.I303Ffs*4) asso-
ciated with loss of heterozygosity of the wild-type allele, a clonal PIK3R1 
frameshift insertion mutation (p.E537*), and a subclonal CTNNB1 mu-
tation (p.G34V; Fig. 1B). Consistent with the molecular profiles 
described for ECs of copy number-low subtype/ NSMP (Cancer Genome 
Atlas Research Network et al., 2013), the primary tumor harbored few 
copy number alterations, including copy number gains of chromosome 7 
and 10, and a focal amplification of DIAPH1, which promotes F-actin 
polymerization, microtubule stabilization and cell migration, and was 
also present in the lung metastasis (Fig. 1C). In the progression of the 

primary tumor to the lung metastasis (C1-LM), additional genomic al-
terations were acquired. The metastasis harbored 75 nonsynonymous 
somatic mutations, 20 of which were private, including a loss-of- 
function subclonal mutation in the FLG gene which was not present in 
the primary tumor (Fig. 1B). In addition, the subclonal CTNNB1 gain-of- 
function hotspot mutation (p.G34V) became clonal in the lung metas-
tasis (Fig. 1A-B). 

The CTNNB1 gene encodes the protein β-catenin, which plays a role 
in cell–cell adhesions. Upon CTNNB1 hotspot mutations, β-catenin, 
which is normally expressed at the epithelial cell membrane, is associ-
ated with translocation to the cytoplasm and nucleus where it activates 
downstream transcriptional programs (Costigan et al., 2020). In the 
primary tumor, immunohistochemistry for β-catenin revealed mem-
branous expression in areas with glandular differentiation with cyto-
plasmic and nuclear accumulation in morular/squamous areas. 
Comparatively higher levels of expression in nuclei and cytoplasm were 
observed in solid/basaloid foci in the lung metastasis, consistent with 
the increased proportion of tumor cells harboring the CTNNB1 mutation 
in the metastases relative to the primary tumor (Fig. 1A). Mutational 
signature analysis of the mutations shared between the primary tumor 
and lung metastasis revealed a dominant mutational signature 1, which 
is related to aging/ spontaneous deamination of 5-methylcytosine 
(Alexandrov et al., 2013). In addition to the dominant aging signature, 
the mutations unique to the primary tumor harbored a secondary 
mutational signature 6 and a tertiary signature 15, both associated with 
microsatellite instability (Fig. 1D). 

3.2. Case 2 

This is a 62-year-old woman with stage IVB grade 3 endometrioid EC 
(FIGO 2009) metastatic to the lung at diagnosis. Six months after surgery 
and chemotherapy, the patient developed paratracheal lymphadenopa-
thy. She received immunotherapy and was diagnosed with an isolated 
brain metastasis nine months after initial diagnosis, which was treated 
with resection followed by radiation therapy (Table 1). Histopathologic 
review revealed the primary uterine tumor to be composed of a glan-
dular component with typical low-grade endometrioid morphology, 
juxtaposed with a high-grade component composed of basaloid tumor 
cells with a nested and solid cohesive growth pattern and extensive 
tumor cell necrosis. Tumor nuclei were relatively monotonous and 
round, with prominent nucleoli, and abundant mitotic figures were 
present. Despite the spatially distinct low-grade and high-grade com-
ponents, the tumor cells did not show discohesive growth characteristics 
of de-differentiated EC; hence, the diagnosis was rendered as FIGO grade 
3 endometrioid EC. Metastases in lung and brain were comprised of only 
the high-grade solid component. The morphologic features (i.e. solid/ 
nested growth of basaloid cells and conspicuous tumor necrosis) were 
reminiscent of the recently described FIGO grade 3 endometrioid ECs 
resembling pilomatrix carcinoma, which have been associated with 
aberrant β-catenin expression and CTNNB1 driver mutations (Weisman 
et al., 2022). 

All three tumor samples lacked PMS2 and MLH1 expression by 
immunohistochemistry (Fig. 2A), were MSI-high based on WES (MSI-
sensor scores ≥ 3.5; Fig. 2B), had stable genomes (Fig. 2C), and were of 

Table 1 
Clinicopathologic features of the endometrial cancers with lung metastases included in this study.  

Case 
ID 

Age at diagnosis 
(years) 

Histology Myometrial 
invasion 

LVSI FIGO 2009 
Stage 

MMR IHC p53 
IHC 

Timing lung 
metastasis 

Molecular 
subtype 

1 74 FIGO grade 2 
endometrioid 

6/14 (43 %) Yes IA Retained WT Recurrence CN-L/ NSMP 

2 62 FIGO grade 3 
endometrioid 

26/26 (100 %) Yes IVB MLH1/PMS2 
loss 

WT At diagnosis MSI-H 

CN-L/ NSMP, copy-number low/ no specific molecular profile; IHC, immunohistochemistry; LVSI, lymphovascular space invasion; MMR, mismatch repair; MSI-H, 
microsatellite instability-high; RFS, recurrence free survival; WT, wild-type. 
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MSI-high molecular subtype (Table 1). A stepwise increase in the 
mutational burden was observed: the primary tumor (C2-P) harbored 
670, the lung metastasis (C2-LM) 764; and the brain metastasis (C2- 
BrM) 820 nonsynonymous somatic mutations (Fig. 2B). Sixty-five clonal 
nonsynonymous somatic mutations were shared across the three lesions. 
In the primary tumor, 67 subclonal mutations including a hotspot mu-
tation affecting PIK3CA (p.E545K) and a PTEN frameshift deletion (p. 
K267Rfs*9) became clonal in the lung and brain metastases (Fig. 2B). 

The primary tumor had a large number of somatic nonsynonymous 
mutations (n = 538) that were not shared with the lung or brain 
metastasis, including a private CTNNB1 p.G34R hotspot mutation 
(Fig. 2B). 

The lung and brain metastasis shared 707 nonsynonymous mutations 
which were not present in the primary tumors, including a clonal PTEN 
(p.V290*) loss-of-function mutation (Fig. 2B). One hundred subclonal 
mutations present in the lung metastasis became fully clonal in the brain 

Fig. 1. Histopathologic and genomic analysis of the primary tumor and lung metastasis of Case 1. (A) Micrographs of representative hematoxylin and 
eosin–stained sections (left) and of the β-catenin immunohistochemical analysis (right) of the primary endometrial cancer and lung metastasis of Case 1. Scale bars, 
50 µm. (B) Nonsynonymous somatic mutations identified by whole-exome sequencing in the primary tumor (C1-P) and lung metastasis (C1-LM). Mutation types and 
cancer cell fraction (CCF) of mutations identified are color coded according to the legend. The number of nonsynonymous mutations is shown at the bottom. (C) 
Copy-number alterations of the primary tumor (C1-P) and lung metastasis (C1-LM). Copy-number log2 ratios are shown on the y-axis according to the chromosomes 
on the x-axis. Arrow, amplification. (D) Mutational signature analysis performed on all mutations (synonymous and non-synonymous) and relationship among 
samples. Pie charts represent the mutational signatures identified in mutations shared between primary tumor and metastasis (trunk [T]), in mutations private to the 
primary tumor (C1-P) and the lung metastasis (C1-LM), color coded according to the legend. The length of the branches is proportional to the number of somatic 
mutations that are shared/unique to a given lesion and selected pathogenic somatic mutations and the number of all mutations is shown alongside the branches. 
MMR-D, DNA mismatch repair-deficiency; NA, not assigned; SNV, single nucleotide variant. 
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metastasis, including a hotspot CTNNB1 p.G34E mutation (Fig. 2B). Of 
the 57 nonsynonymous mutations restricted to the lung metastasis, an 
additional subclonal CTNNB1 (p.S33P) hotspot mutation was found, 
while in the brain metastasis, 113 non-synonymous mutations were 
found to be restricted to the brain metastases and absent in the primary 
tumor or lung metastasis (Fig. 2B). Immunohistochemical analysis 

revealed that while β-catenin exhibited membranous expression in the 
glandular component of the uterine primary, cytoplasmic and nuclear 
localization of β-catenin was restricted to the high-grade solid areas 
within the primary tumor and at metastatic sites (Fig. 2A). Finally, 
mutational signature analysis of the mutations shared between the three 
lesions revealed a dominant aging signature 1 as well as the MSI-related 

Fig. 2. Histopathologic and genomic analysis of the primary tumor, lung metastasis and brain metastasis of Case 2. (A) Micrographs of representative 
hematoxylin and eosin-stained sections and immunohistochemical analysis of β-catenin, MLH1, PMS2, MSH2 and MSH6 and β-catenin of the primary tumor, lung 
metastasis, and brain metastasis of Case 2. Scale bars, 500 µm top left two micrographs, remaining 50 µm. (B) Nonsynonymous somatic mutations identified by 
whole-exome sequencing in the primary tumor (C2-P), lung metastasis (C2-LM), and brain metastasis (C2-BrM). Mutation types and cancer cell fraction (CCF) of 
mutations identified are color coded according to the legend. The MSIsensor scores are shown on the right and the number of nonsynonymous mutations is shown on 
the bottom. (C) Copy-number alterations of the primary tumor (C2-P), lung metastasis (C2-LM) and brain metastasis (C2-BrM). Copy number log2 ratios are shown on 
the y-axis according to the chromosomes on the x-axis. (D) Mutational signature analysis of all mutations (synonymous and non-synonymous) and relationship 
among samples. Pie charts represent the mutational signatures identified in mutations shared between primary tumors and metastases (trunk [T]), in mutations 
shared between the metastases, and in mutations private to the primary tumor (C2-P), lung metastasis (C2-LM), and brain metastasis (C2-BrM), color coded according 
to the legend. The length of the branches is proportional to the number of somatic mutations that are shared/unique to a given lesion, the number of all mutations is 
shown alongside the branches, and selected pathogenic somatic mutations are shown alongside their corresponding branches. The percentage of small insertions and 
deletions (indels [I]) is included. MMR-D, DNA mismatch repair deficiency; NA, not assigned; SNV, single-nucleotide variant. 
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signature 6 (Fig. 2D). In contrast, the mutations restricted to each of the 
components primarily harbored dominant MSI-related signatures, 
including 6, 15 and/or 20 (Fig. 2D). 

4. Discussion 

Here we demonstrate that both endometrioid ECs had branched 
evolution and that the primary EC and matched lung metastases had a 
common ancestor with independent evolution at each distant site. In 
addition, both cases displayed clonal shifts during the metastatic process 
to the lung with the accumulation of hotspot CTNNB1 mutations. 

In both cases, rather than additional copy number alterations, the 
ECs acquired additional mutations during the metastatic process 
(Nguyen et al., 2022). In Case 1, the lung metastasis had an increased 
mutational burden compared to the primary EC; and in Case 2, the brain 
metastasis had a higher mutational burden than the lung metastasis. 
Case 2 had MLH1 hypermethylation and loss of MLH1 and PMS2 protein 
expression in the primary tumor and lung/ brain metastasis, and a shift 
from an aging to MMR mutational signatures was noted from primary to 
metastases, a phenomenon that has been previously described by our 
team (Dessources et al., 2020; Ashley et al., 2019). The acquisition of 
DNA repair defects and genomic instability may contribute to increasing 
mutational burden and development of metastasis. 

ECs are classified into four molecular subtypes, including the POLE 
ultramutated, MSI-high, copy number-low/ NSMP and copy number- 
high/ p53abnormal (Cancer Genome Atlas Research Network et al., 
2013). The cases studied here were of copy-number low/ NSMP (Case 1) 
and MSI-high (Case 2) molecular subtypes. About half (52 %) of 
microsatellite-stable copy-number low/ NSMP ECs harbor CTNNB1 
mutations (Cancer Genome Atlas Research Network et al., 2013). 
CTNNB1 hotspot mutations have been reported to be associated with 
distant metastasis, and worse recurrence-free and overall survival in EC 
(Costigan et al., 2020; Weisman et al., 2022; Kurnit et al., 2017; Stelloo 
et al., 2016), however not all studies confirmed CTNNB1 mutations to be 
an independent prognosticator of outcome in low-grade early-stage 
endometrioid EC (Safdar et al., 2022; Beshar et al., 2023). In fact, 
CTNNB1 mutations have also been associated with low-risk pathologic 
features including grade 1–2 disease, lower rates of deep myometrial 
invasion and lympho-vascular space invasion (Kurnit et al., 2017). 

In the current study, both endometrioid ECs harbored subclonal 
CTNNB1 mutations that became clonal in the metastatic sites. Notably, 
the primary tumor of case 2 in this study had three CTNNB1 hotspot 
mutations, however only the p.G34E mutation was present in the lung 
and brain metastases, providing evidence to suggest that certain hotspot 
mutations in CTNNB1 may have a greater effect than others, even within 
the same hotspot codon. CTNNB1 exon 3 hotspot mutation are generally 
associated with translocation of the protein product β-catenin from the 
membrane to the nucleus and activation of the Wnt/β-catenin signaling 
pathway. In EC, nuclear localization of β-catenin as assessed by immu-
nohistochemistry has been shown to have high specificity in identifying 
CTNNB1 mutant cases, but lower sensitivity, however, may be used as a 
proxy for CTNNB1 mutation (Costigan et al., 2020; Kim et al., 2018; 
Travaglino et al., 2019). Further studies are warranted to define the 
subset of (early-stage) endometrioid ECs in which CTNNB1 mutations 
and potentially β-catenin expression are associated with increased risk 
of recurrence/ metastasis to ultimately identify those patients who 
benefit from more aggressive surveillance and treatment. Also, Wnt in-
hibitors are currently being tested in clinical trials, which may play a 
role in cancers with high Wnt/β-catenin signaling activation (Jung and 
Park, 2020). 

The results presented here, in combination with previously published 
work by our team and others (Dessources et al., 2020; Ashley et al., 
2019; Nguyen et al., 2022), demonstrate the acquisition of additional 
mutations rather than copy number alterations during the distant met-
astatic process of EC, and support the notion of performing immuno-
histochemical and/or genomic analyses not only in the primary tumor 

but repeating it in metastatic sites of EC, as these may have acquired 
alterations or signatures during the metastatic process. Small, in-depth 
studies like the one presented here provide a deeper understanding of 
the genomics of EC, its progression, and development of distant metas-
tasis. Based on these findings, further studies are warranted to identify 
the group of endometrioid ECs previously classified as low-risk (copy- 
number low/ NSMP) disease for which the presence of CTNNB1 muta-
tions can provide a further subclassification. 
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