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Abstract

Purpose: Copy number-high endometrial carcinomas (ECs) were described by The Cancer 

Genome Atlas as high-grade endometrioid and serous cancers showing frequent copy number 

alterations (CNAs), low mutational burden (i.e. non-hypermutant), near universal TP53 mutation 

and unfavorable clinical outcomes. We sought to investigate and compare the clinicopathologic 

and molecular characteristics of non-hypermutant TP53-altered ECs of four histologic types.

Design: TP53-mutated ECs, defined as TP53-mutant tumors lacking microsatellite instability or 

pathogenic POLE mutations, were identified (n=238) in a cohort of 1,239 ECs subjected to clinical 

massively parallel sequencing of 410–468 cancer-related genes. Somatic mutations and CNAs 
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(n=238), and clinicopathologic features were determined (n=185, initial treatment planning at our 

institution).

Results: TP53-mutated ECs encompassed uterine serous (n=102, 55.1%), histologically 

ambiguous high-grade EC-NOS (n=44, 23.8%), endometrioid carcinomas of all tumor grades 

(n=28, 15.1%), and clear cell (n=11, 5.9%) carcinomas. PTEN mutations were significantly more 

frequent in endometrioid carcinomas, SPOP mutations in clear cell carcinomas, and CCNE1 
amplification in serous carcinomas/EC-NOS; however, none of these genomic alterations were 

exclusive to any given histologic type. ERBB2 amplification was present at similar frequencies 

across TP53-mutated histologic types (7.7%−18.6%). Although overall survival was similar across 

histologic types, serous carcinomas presented more frequently at stage IV, had more persistent 

and/or recurrent disease, and reduced disease-free survival.

Conclusions: TP53-mutated ECs display clinical and molecular similarities across histologic 

subtypes. Our data provide evidence to suggest performance of ERBB2 assessment in all TP53­

mutated ECs. Given the distinct clinical features of serous carcinomas, histologic classification 

continues to be relevant.

TRANSLATIONAL RELEVANCE

Endometrial cancers (ECs) of copy number-high molecular subtype, described initially by 

The Cancer Genome Atlas to encompass primarily serous and high-grade endometrioid ECs, 

harbor recurrent TP53 mutations, lack POLE mutations and are microsatellite stable (i.e. non­

hypermutant), and have poor clinical outcomes. An analysis of >1,200 ECs subjected to targeted 

sequencing using an FDA-authorized assay revealed that non-hypermutant TP53-altered ECs 

irrespective of histologic type have considerable clinical and genomic similarities. We show that 

the overall landscape of targetable genetic alterations affecting cancer-related genes, including 

ERBB2, is similar between TP53-mutant ECs across histologic types, supporting the notion that 

ERBB2 assessment should be performed on all non-hypermutant TP53-altered ECs. As serous 

carcinomas showed distinct features, however, including advanced stage at diagnosis and more 

frequent persistent and/or recurrent disease, our findings further demonstrate that despite their 

similar molecular profiles, histologic subtyping of TP53-mutant ECs remains important.
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INTRODUCTION

The Cancer Genome Atlas (TCGA) study of endometrioid and serous carcinomas 

of the endometrium posited the existence of four genomic subtypes of endometrial 

carcinoma (EC): ultramutated (hotspot POLE-mutated), microsatellite instability-high 

(MSI-H) hypermutated (DNA mismatch repair (MMR)-deficient), copy number-low (CN­

low) and copy number-high (CN-H; serous-like) (1). CN-H ECs comprised all serous 

carcinomas and a subset of high-grade endometrioid and mixed epithelial ECs. They 

were characterized by high levels of CN alterations; almost all harbored deleterious 

TP53 mutations, lacked pathogenic POLE mutations, were microsatellite stable (i.e. non­
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hypermutant), and had a significantly more aggressive clinical course compared with tumors 

from the other molecular categories. There were insufficient data, however, to compare 

outcomes of CN-H serous ECs versus CN-H endometrioid ECs (1). A follow-up study, 

focusing on endometrioid ECs only, indicated that TP53-mutated microsatellite stable 

(MSS) endometrioid ECs lacking hotspot POLE mutation (i.e. non-hypermutated), roughly 

equivalent to CN-H, had the shortest overall survival and recurrence-free survival (2). 

Furthermore, it has been reported that both clear cell EC and uterine carcinosarcoma 

could be similarly stratified into meaningful genomic categories that retained comparable 

associations with clinical outcomes (3–5). Although non-hypermutant TP53-altered/ CN-H 

ECs have been shown to be clinically aggressive, it is currently unknown whether the 

histologic type is of significance in these TP53-mutated tumors. Therefore, we sought to 

define the clinicopathologic and molecular characteristics of a large group of histologically 

heterogeneous non-hypermutant TP53-altered ECs and to determine whether histologic type 

provides useful information in the setting of TP53-mutation status.

MATERIALS AND METHODS

Case selection

This study was approved by the Institutional Review Board at Memorial Sloan Kettering 

Cancer Center (MSK), and written informed consent was obtained from all patients. This 

study was conducted in accordance with the principles of the Declaration of Helsinki. 

All ECs that underwent clinical FDA-authorized tumor-normal targeted massively parallel 

sequencing analysis of 410–468 cancer-related genes (MSK-Integrated Mutation Profiling 

of Actionable Cancer Targets; MSK-IMPACT) (6,7), from 2014 to 2019 were evaluated 

(n=1,239; Figure 1). Non-hypermutant TP53-mutated ECs (referred to henceforth as TP53­

mutated ECs) were identified using a surrogate model, modified from the one described by 

Talhouk et al (8): All ECs that harbored a somatic TP53 alteration (n=514) were selected; 

carcinosarcomas were not included in this study. From the 514 TP53-mutated ECs, those 

with DNA MMR deficiency (n=158), as defined by loss of expression of any MMR protein 

(i.e. MLH1, MSH2, MSH6 and PMS2) by immunohistochemistry (IHC), or MSI determined 

by PCR or massively parallel sequencing, and tumors harboring hotspot POLE exonuclease 

domain mutations (n=59) (9) were excluded, leaving 297 TP53-mutated ECs (Figure 1).

For a case to be included, a gynecologic pathologist at MSK must have confirmed the 

histologic diagnosis of EC (as discussed below). Cases were eligible for inclusion in the 

analyses of clinical outcomes as long as patients had their initial treatment planning at 

MSK within three months of diagnosis, whether or not the primary surgery was done at 

MSK or elsewhere. Women who presented to MSK at time of recurrence, women with 

a concurrent advanced malignancy, and women with only pathology review or lacking 

sufficient follow-up were excluded from the analyses of clinical outcomes. Of the 297 

TP53-mutated ECs, 238 had sufficient follow-up and pathology data. Of these 238 cases, 

185 were seen at the time of their initial treatment planning, 142 of whom had their 

initial surgery at MSK. Fifty-three patients presented to MSK at the time of recurrence. 

For evaluation of the clinicopathologic factors, only the cases that were seen at the time 

of initial treatment planning were included (n=185). The CONSORT diagram summarizing 
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case selection is shown in Figure 1. Patients’ demographic and clinical data were extracted 

by review of the electronic medical record (EMR), with information related to disease 

progression and survival captured. Disease status and disease progression were extracted 

from medical oncology notes, in combination with follow-up imaging studies according to 

the PRISSMM data model approach (10).

Pathology review

For each case, the histopathologic and morphologic data were extracted from the synoptic 

pathology report. For histologic typing, to mitigate the effect of suboptimal interobserver 

concordance (11,12), we performed a single-institution study with a group of experienced 

gynecologic pathologists. Biweekly diagnostic consensus conferences encouraged a uniform 

diagnostic approach within the group, as did frequent review of each other’s cases for 

tumor board and quality assurance. In general, a histologically high-grade EC was diagnosed 

as endometrioid when there was a component of low-grade endometrioid carcinoma or 

squamous, tubal, or mucinous differentiation. This approach was chosen based on data 

showing that high-grade endometrioid ECs, diagnosed according to these guidelines, were 

more likely than other high-grade ECs to harbor mutations associated with endometrioid 

tumorigenesis, such as PTEN and ARID1A (13,14). DNA MMR IHC was performed 

almost universally (215/238 cases), whereas PTEN and ARID1A IHC was performed in 

histologically ambiguous cases. Loss of DNA MMR protein, PTEN or ARID1A protein 

expression or heterogeneous (subclonal/geographic) expression favored endometrioid or 

clear cell EC, rather than serous EC. Clear cell carcinomas were diagnosed according 

to the guidelines of Fadare et al (15), which emphasize exclusionary features that are 

more commonly encountered in endometrioid and serous carcinomas. Tumors with variable 

morphologic features and absence of characteristics for confident histologic subclassification 

were assigned as unclassifiable high-grade EC (EC-NOS; histologically ambiguous), as 

previously described (16). These tumors had overlapping features of endometrioid, serous 

and clear cell carcinoma throughout the tumor with no predominant histologic features of 

one of the histologic subtypes present (16). The Gilks’ grading scheme (17) was used to 

determine “high grade” when it was uncertain whether to apply FIGO grading criteria. 

Slides from all FIGO grade 1 and 2 TP53-mutated endometrioid ECs were re-reviewed to 

ascertain grade.

Genomic data extraction

The genomic data were extracted from the MSK-IMPACT assay, including somatic 

mutations, CN alterations, and structural variants (6). Analysis of broad CN alterations 

was performed using the GISTIC 2.0 algorithm (18). Breakpoint instability index (BPII) was 

calculated using the modified Bayes Information Criterion, implemented in the R package 

WBS, using segmentation files containing focal copy number data (19).

Statistical analysis

Disease-free survival (DFS) and overall survival (OS) were evaluated by calculating survival 

curves using the Kaplan–Meier method, using the Log-rank test to compare subgroups, 

with the start date set as the date of initial diagnostic biopsy. Univariate and multivariate 

Cox Proportional Hazards analysis was performed to determine the hazard ratio (HR). 
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Comparisons of quantitative data between the groups were performed using ANOVA with 

post-hoc Tukey test and comparison of qualitative data, including associations between 

clinicopathologic features and molecular data, were performed using the Chi-squared (X2) 

test. P-values of <0.05 were considered statistically significant.

RESULTS

Clinicopathologic landscape of non-hypermutant TP53-altered ECs

Of the 238 patients with TP53-mutated ECs included in this study, 185 (77.7%) were 

seen at the time of their initial treatment planning (Figure 1), with 142 having their initial 

surgery at MSK and 43 referred to our institution after disease recurrence. The evaluation 

of clinicopathologic data was limited to the 185 patients seen at the time of initial treatment 

planning (Figure 1).

The most common histologic subtype of TP53-mutated EC was uterine serous carcinoma 

(USC; 102/185, 55.1%), followed by unclassifiable high-grade EC (EC-NOS; histologically 

ambiguous; 44/185, 23.8%), uterine endometrioid carcinoma (UEC; 28/185, 15.1%) and 

uterine clear cell carcinoma (UCC; 11/185, 5.9%). FIGO grade information for the 28 

UECs revealed that the majority were FIGO grade 3 (19/28, 67.9%), as expected; however, 

FIGO grade 2 (7/28, 25%) and FIGO grade 1 (2/28, 7.1%) TP53-mutated UECs were also 

identified (Figures 2A-F).

The median age at EC diagnosis was 69 years (range, 39–93 years; Table 1). Women with 

UEC were found to be younger (median 63 years, range 44–79 years) than those with other 

subtypes of TP53-mutated EC (median age 70, range 39–93; p <0.001, one-way ANOVA 

with post-test Tukey means comparison). No significant difference in age at EC diagnosis 

was found between the other histologic subtypes (Figure 3A).

The distribution between the FIGO stages at TP53-mutated EC diagnosis was similar 

between stage I (56/185, 30.3%), stage III (58/185, 31.3%) and stage IV (61/185, 33%), 

while FIGO stage II disease was less common (10/185, 5.4%). We noted, however, that 

TP53-mutated USC was more likely to present at stage IV compared with the other 

morphologic subtypes (41/102 vs. 20/83; X2 p=0.021; Figure 3B). No significant differences 

were observed between different histologic subtypes in the average depth of myometrial 

invasion, lymphovascular invasion, cervical stromal or adnexal involvement (Table 1).

Clinical behavior of TP53-mutated ECs

Of the 185 patients with TP53-mutated EC, 56.2% (n=104) presented with extrauterine 

disease at diagnosis (n=56 extrauterine sites, n=64 lymph nodes). The most common site 

of metastasis at presentation was peritoneum/omentum, with 44 patients having peritoneal 

disease at presentation (23.8%; Figure 3C); the majority of cases showed involvement of 

intrapelvic peritoneum (n=35) followed by omentum (n=9). Metastatic involvement of other 

sites at presentation were also found, including lung (n=8) and liver (n=2).

One hundred and thirty-seven patients (74.1%) with TP53-mutated EC had disease 

recurrence/progression. Among them, the most common site of disease spread at recurrence 
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was peritoneum (48 patients, 35%), with intrapelvic peritoneal recurrence in 47 patients, 

and extra-pelvic/omental recurrence in 2 patients (Figure 3C). Lung metastasis was also 

common (22/137, 16.1%). Other metastatic sites included vagina (n=4) and liver (n=3). The 

location of the recurrence was not significantly different between histologic subtypes (data 

not shown).

Extrauterine disease and recurrences were not restricted to TP53-mutated EC with 

myoinvasive disease. Of the 70 patients whose tumors were non-myoinvasive, 37 (52.9%) 

had disease spread at the time of hysterectomy (n=25 (35.7%) distant metastasis; n=11 

(15.7%) lymph node metastasis), 9 (12.9%) showed adnexal involvement, and 48 (68.6%) 

subsequently recurred.

Among the entire cohort, the overall all-cause mortality rate of patients with TP53-mutated 

EC was 36.2% (n=67), with a median OS of 54.7 months and a median DFS of 16.6 months 

(Table 1). While OS was not different between the histologic subtypes (p=0.103, Log-rank 

test), DFS was significantly different; compared to all other TP53-mutated histologic types, 

patients with USCs had a clearly reduced DFS (p=0.001, Log-rank; Figure 3D). Multivariate 

Cox Proportional Hazards analysis revealed that serous morphology was a predictor of DFS 

(adjusted HR: 1.65, p=0.007) but not OS (adjusted HR: 1.62, p=0.06) in this series of TP53­

mutated EC (Supplementary Tables S1 and S2). Finally, we found that a larger proportion of 

patients with USC had disease persistence/recurrence (85.3% vs. 60.2% all other subtypes, 

p=0.0001), and all-cause mortality was higher in this group (41.2% vs. 30.1% all other 

subtypes); however this difference was not statistically significant (X2, p=0.12).

As expected, we found that, irrespective of histologic type, stage was a predictor of outcome 

in TP53-mutated ECs, with patients presenting at FIGO stages IIIC and IV having the 

worst outcomes (multivariate HR for combined stage IIIC/IV versus lower stages for OS: 

2.46, p=0.001). No statistically significant difference in outcomes of TP53-mutated EC 

was observed when comparing FIGO stage I, stage II and stage III-A and III-B disease 

(Supplementary Tables S1 and S2, Supplementary Figure S1).

Treatment of TP53-mutated ECs

Of the 185 patients with TP53-mutated EC, 27 (14.6%) received neoadjuvant therapy 

(n=26 neoadjuvant chemotherapy, n=1 radiation therapy), with the majority of neoadjuvant 

chemotherapy regimens (23/27) including carboplatin and paclitaxel. The choice of 

neoadjuvant therapy was significantly different between the distinct histologic types: 19/102 

(18.6%) patients with USC and 7/44 (15.9%) patients with EC-NOS received neoadjuvant 

therapy, compared with none of the 28 patients with UEC and only 1/11 with UCC 

(p=0.017). Furthermore, of the 185 patients with TP53-mutated EC, 160 (86.5%) received 

adjuvant therapy; of these, 82 patients (82/160=44.3%) had chemotherapy and radiation 

therapy, 57 (30.8%) chemotherapy alone, and 21 (11.3%) radiation therapy alone. The 

most common adjuvant chemotherapy regimen included carboplatin and paclitaxel (n=115; 

Figure 3E). As expected, the choice of adjuvant therapy regimen was significantly different 

between USC and UEC (p=0.001), with TP53-mutated UEC patients more likely to receive 

radiation therapy alone (32.1% vs. 5.9%, p=0.0001), and USC patients more likely to receive 

chemotherapy with/without radiation therapy (75.3% vs. 20.7%, p=0.001; Figures 3E and 
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3F). On univariate analysis, adjuvant therapy showed OS and DFS benefit (Log-rank p-value 

for OS and DFS: 0.04 and 0.04 respectively), with multivariate analysis only showing DFS 

benefit (multivariate HR for adjuvant therapy: 0.29, p=0.012). Finally, 12 TP53-mutated EC 

patients (6.5%) received no neoadjuvant or adjuvant therapy.

Genomic landscape of TP53-mutated ECs

Of the TP53-mutated ECs identified, 238 had clinical, pathology and molecular profiling 

data available for analysis (Figure 1). The median number of non-synonymous somatic 

mutations in these 238 TP53-mutated ECs was 5 (range, 1–10) and the median fraction of 

the genome altered was 23.8% (range, 0–75.5%), which were not significantly different 

between histologic types. TP53-mutated ECs exhibited a high degree of chromosomal 

instability, with the mean number of chromosomal breakpoints being 127.6 (range: 2–455) 

with no statistically significant difference observed between various TP53-mutated EC 

histologic types.

Based on our inclusion criteria, all ECs harbored TP53 somatic mutations (100%). Other 

recurrent genetic alterations found in the TP53-mutated ECs included PIK3CA (44%), 

PPP2R1A (30%), and FBXW7 (18%) somatic mutations as well as ERBB2 alterations 

(21%; 5.5% mutations, 17.2% amplification; Figure 4A). The majority of somatic mutations 

detected in these recurrently altered genes were either known to be oncogenic or were 

predicted/likely to be oncogenic (Supplementary Figure S2). The frequency of ERBB2 
amplification did not differ between the histologic types, with 18.6% of USC, 12.2% 

of UEC, 7.7% of UCC, and 18.2% of EC-NOS tumors harboring ERBB2 amplification 

(p=0.57; p=0.065 for USC versus UEC). Of note, 13/238 (5.5%) of TP53-mutated ECs 

harbored ERBB2 point mutations, with 5 activating hotspot mutations in the kinase domain, 

which have shown association with sensitivity to anti-HER2 therapy in other cancer types 

(20) (Figure 4A, Supplementary Figure S3); all 5 hotspot kinase domain mutations were 

observed in USCs. The landscape of somatic mutations affecting the 468 cancer-related 

genes studied was similar across the various histologic types of TP53-mutated ECs, and 

no mutation was exclusive to a specific histologic type. However, the frequency of specific 

alterations was found to be distinct between histologic subtypes. Notable among these 

was PTEN, which was more frequently altered in TP53-mutated UECs (34% vs. 10% in 

all other morphologies, X2 p=0.001), and SPOP, which was more commonly altered in 

TP53-mutated UCCs (31% vs. 3% in all other morphologies, X2 p=0.01). Across histologic 

types, there was statistically significant mutual exclusivity between FBXW7 and PPP2R1A 
somatic mutations and between PIK3R1 and PIK3CA somatic mutations (p <0.01). On 

the other hand, alterations in ARID1A, PTEN, PIK3R1, ZFHX3, and FGFR2 showed 

statistically significant co-occurrence (p <0.05; Figure 4B). The proportion of TP53-mutated 

UECs harboring PTEN alterations was higher than other subtypes (35% vs. 10%) and this 

proportion was highly correlated with FIGO grade (100%, 66.6% and 31.2% of FIGO grade 

I, grade II, grade III tumors, respectively).

In terms of copy number alterations, the most commonly amplified cancer-related genes 

in TP53-mutated ECs were ERBB2 (16.8%), as noted above, CCNE1 (16%, 37/238), and 

MYC (12%, 29/238). CCNE1 amplifications were mainly present in USC (25/131) and EC­
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NOS (9/55) and only rarely observed in UEC (2/41) and UCC (1/11; X2 p=0.009). In terms 

of broad level CN alterations, the most common high-level gains were of chromosomes 

19 and 20, as well as chromosomal arms 1q, 3q, and 8q; the most common losses were 

chromosomal arms 17p, 16q, 22q, 9q, and 8p (Supplementary Figure S4).

As an exploratory, hypothesis-generating analysis we assessed whether specific genetic 

alterations would be associated with outcome in the 185 TP53-mutant EC patients who had 

initial treatment planning at MSK (for details, see Supplementary Methods, Supplementary 

Figure S5). These findings need to be confirmed in larger independent series of TP53­

mutated ECs.

Correlation of TP53 mutation status with p53 immunohistochemistry (IHC)

Of the 238 TP53-mutated ECs included in this study, p53 IHC was performed and reported 

in 118 (49.6%). Of these, 110 tumors showed aberrant expression of p53 and 8 (6.8%) 

were reported to have heterogeneous (wild-type) expression patterns; however, based on our 

inclusion criteria, all TP53-mutated ECs harbored TP53 mutations. All 61 USCs with p53 

IHC performed had concordant p53 IHC and TP53 mutation results, while 4 TP53-mutated 

UECs and 4 EC-NOSs had discordant p53 protein expression/TP53 mutation results (Figure 

4A).

Of note, all TP53 somatic mutations in the p53 IHC wild-type expression group affected 

mutation hotspots, with seven missense and one splice-site mutation (p.C238R, p.R248Q, 

p.R181C, p.G245S, p.P278R, p.X126_splice, p.R273H and p.P152L). All truncating TP53 
mutations displayed aberrant p53 protein expression patterns by IHC (data not shown). No 

differences in TP53 variant allele frequency were observed when comparing tumors with 

and without abnormal p53 expression in the TP53-mutated ECs. Furthermore, no particular 

protein change was shown to be exclusive to the p53 wild-type group. The p53 IHC was 

available for re-review in 6 of the tumors with a wild-type expression pattern (4 UEC, 2 

EC-NOS). Three showed an aberrant subclonal staining pattern: i.e., aberrant staining in an 

area of the tumor with wild-type staining in other areas (Figures 2G and 2H); while the other 

3 showed true wild-type staining patterns, an uncommon phenomenon that has also been 

observed in ovarian high-grade serous carcinomas (21).

DISCUSSION

ECs with aberrant p53 protein expression were traditionally thought to be composed of 

USCs (22) and small subsets of high-grade UECs (23,24) and UCCs (25). This was 

corroborated by the TCGA EC study, which showed that a subset of grade 3 UECs may 

harbor a so-called serous-like genotype as manifested by an abundance of CN alterations 

and TP53 mutations (1); these tumors also showed adverse clinical outcomes, with a 

mortality rate similar to that of USCs. These findings led to a proposal for molecular 

classification of ECs with CN-H as one of the categories (1,2), with further studies 

demonstrating that presence of deleterious TP53 mutations in absence of a hyper-/ultra­

mutated setting can be used as a surrogate for CN-H tumors (2). Here we demonstrate 

that in a series of ECs subjected to clinical MSK-IMPACT sequencing, only about half 

(54%) of TP53-mutated ECs were of serous histology, whereas the other half were UECs, 
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UCCs and histologically ambiguous high-grade EC-NOS, which exhibit a hybrid of serous, 

endometrioid and/or clear cell features (16,26). Furthermore, in the group of TP53-mutated 

ECs of endometrioid histology, not all were grade 3; even grade 2 and 1 tumors harbored 

TP53 mutations in the absence of MMR deficiency or POLE exonuclease domain mutations. 

While acknowledging an ascertainment bias, we show that the overall demographic and 

clinical pictures of TP53-mutated ECs were similar: they occurred in older women with 

disproportionately advanced stage disease and were frequently associated with adverse 

outcomes, such as disease progression (74.1%) and mortality (36.2%).

Akin to the serous and high-grade endometrioid CN-H ECs in the TCGA study (1), the 

TP53-mutated ECs of various histologic types studied here had frequent PI3K pathway 

alterations, with 44% harboring PIK3CA alterations and 16% PIK3R1 mutations; 14% 

harbored PTEN alterations, primarily affecting UECs. We confirmed the high frequency 

of PPP2R1A and FBXW7 somatic mutations in USC but also found that PPP2R1A and 

FBXW7 were recurrently altered in histologically ambiguous high-grade ECs, UECs and 

UCCs. We also noted that there was a tendency towards mutual exclusivity between FBXW7 
and PPP2R1A alterations. Cyclin E is one of the proteins ubiquitinated by FBXW7, and 

prior studies have reported mutual exclusivity between CCNE1 amplification and FBXW7 
(27); in our series, however, this failed to reach statistical significance (X2, p=0.6). The 

overall repertoire of somatic genetic alterations was similar across the histologic spectrum 

of TP53-mutated tumors, with the exception of PTEN alterations (more common in 

UEC), SPOP mutations (more common in UCC) and CCNE1 amplification, which was 

very rare in UEC and UCC, but none of the other genomic alterations were specific 

to any subtype. Theoretically, the temporal order of acquired mutations could underlie 

the morphologic differences between the subtypes. Epigenomic/transcriptomic differences 

might also contribute (28,29). Regardless of the initiating event, however, all the TP53­

mutated ECs appear to follow a convergent genomic evolution leading to similarities in 

disease progression and clinical outcome.

Despite the global chromosomal instability observed in TP53-mutated tumors, the patterns 

of CN alterations were not entirely random, and many recurrent alterations were identified. 

Among these, ERBB2 amplification was the most common CN event observed in TP53­

mutated ECs. ERBB2 amplification was originally described in USCs, with up to 20% 

reportedly having amplification of ERBB2, with both fluorescence in situ hybridization 

(FISH) and IHC for HER-2/neu supporting these findings (30). Following a clinical trial 

showing the effectiveness of anti-HER2 treatment in patients with advanced USC (31), 

guidelines now suggest the assessment of HER2 in advanced/recurrent USC and the addition 

of trastuzumab to chemotherapy. Here we used an FDA-approved sequencing assay showing 

that, while ERBB2 amplification was seen in 18.6% of USCs, the other histologic subtypes 

of TP53-mutated EC also harbored ERBB2 amplification in a smaller proportion of tumors. 

As such, there may be justification for determining the ERBB2 amplification status in all 

advanced TP53-mutated ECs with consideration given to targeted treatment regardless of 

histologic subtype. Furthermore, a subset of TP53-mutated ECs harbored activating ERBB2 
mutations rather than ERBB2 amplification (5.5% of TP53-mutated ECs, all USC); this may 

also predict response to targeted HER2 therapy, emphasizing the importance of sequencing 

ECs (32).
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The data on the prognostic importance of morphologic classification of high-grade ECs 

have been controversial. Studies have shown that histologic type is not associated with 

clinical outcomes in high-grade/p53abnormal ECs and, regardless of the histologic type, 

these tumors tend to have poor outcomes (14,33–35). This suggests that molecular 

classification can supplant morphologic classification (11,17,36), with a recent study 

showing near identical survival outcomes for USC and TP53-mutated MMR-proficient 

UEC (37). Although it is acknowledged that morphologic subtyping of high-grade ECs 

is associated with considerable inter-observer variability (12,33), a recent meta-analysis 

reported on a higher HR for non-endometrioid TP53-mutant ECs in comparison with 

endometrioid TP53-mutant ECs (35). With respect to this, our data demonstrate that, while 

a pan-morphologic comparison fails to identify significant differences in clinical outcome, 

a comparison between pure serous versus other TP53-mutated ECs (including histologically 

ambiguous tumors, clear cell and endometrioid) showed a statistically significant difference 

in DFS. It should be noted, however, that the clinical significance of this difference in 

DFS is not entirely clear, in light of the fact that a considerable number of patients who 

experience recurrence will ultimately succumb to the disease.

Regardless of histologic type, all TP53-mutated ECs had adverse outcomes overall: 69.7% 

of patients presented at FIGO stages II and above, with frequent disease progression 

(74.1%), and a high mortality rate (36.2%). The pattern of disease spread, including the 

frequency of peritoneal involvement at the time of hysterectomy and recurrence, was 

found to be similar among the various histologic types of TP53-mutated ECs. Current 

surgical practices recommend omental sampling for USC and UCC (38); however, our 

data suggest that patients with other TP53-mutated tumors may also benefit from omental 

sampling at the time of hysterectomy. High rates of disease progression and spread were 

not restricted to myoinvasive TP53-mutated ECs; 52.9% and 68.6% of patients in non­

myoinvasive TP53-mutated carcinomas had disease beyond the uterine corpus at the time 

of hysterectomy and showed disease progression, respectively. This phenomenon has been 

previously described for USC and endometrial serous intraepithelial carcinoma (39,40); 

our data demonstrate that other non-myoinvasive TP53-mutated ECs can present with 

extrauterine and metastatic disease. This has important implications for the implementation 

of sentinel lymph node protocols for these tumors. Sentinel lymph node protocols have 

been limited to myoinvasive tumors (41), but our data indicate that ultra-staging may need 

to be extended to non-myoinvasive high-grade ECs (42). FIGO grade is part of the risk 

stratification algorithms for patients with UEC; low-grade UECs (FIGO grades 1 and 2) 

generally have a favorable clinical course (17). It should be noted, however, that each FIGO 

grade can be genomically heterogeneous (43,44). As our data show, even low-grade UECs 

can have aberrant p53 expression/ habor somatic TP53 mutations, portending aggressive 

disease when unassociated with POLE mutation or MSI (45).

Current guidelines for the treatment of UEC do not include molecular subtyping in clinical 

decision algorithms although it has been proposed by the NCCN (46) and is increasingly 

used to detect POLE mutation in an effort to de-escalate therapy and to determine eligibility 

for checkpoint inhibitor therapy. Our data show that molecular subtyping allowed detection 

of the rare TP53 mutated low-grade UECs, which may currently masquerade as low-risk 

tumors (47).
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Almost all CN-H tumors harbor TP53 mutations (1), and p53 IHC analysis has been used 

as a surrogate (2,45). p53 IHC is a robust and reproducible predictor of adverse clinical 

outcomes, with numerous studies confirming a high degree of concordance between p53 

expression by IHC and TP53 mutational status (48,49). We observed a high degree of 

concordance between TP53 mutational status and p53 protein expression by IHC; of the 

118 tumors for which p53 IHC results were reported, 110 (93.2%) had concordant results 

and 8 (6.8%) were found to have a wild-type expression pattern. Re-review of the p53 IHC 

analysis in 6/8 cases led to reclassification of an additional 3 cases, as these were found 

to have subclonal aberrant p53 expression. Importantly, however, all 8 UECs/EC-NOS with 

discordant p53 IHC/TP53 mutation status harbored TP53 hotspot mutations; the detection of 

p53/TP53 alterations is importance in determining the correct molecular subtyping (i.e. these 

tumors would be classified as CN-low) and in treatment, as these may portend aggressive 

disease (45). As our results reaffirm the utility of p53 IHC as a surrogate marker for 

TP53-mutant/ CN-H endometrial tumors overall, we suggest that p53 IHC be performed on 

all malignant endometrial biopsies or curettings, and the immunophenotype of a carcinoma, 

represented in a biopsy or curetting, tends to be concordant with the matched resection 

specimen (50). This is especially useful for morphologically ambiguous tumors in which 

the combination of DNA MMR protein and p53 IHC can be used for risk stratification 

(16). One complicating factor is our current inability to distinguish between clinically 

significant driver mutations (in CN-H carcinomas) and clinically insignificant passenger 

TP53 mutations (such as in POLE mutated carcinomas) without sequencing.

In our cohort, despite the similarities in outcome between USCs and UECs, choice of 

neoadjuvant/adjuvant therapy differed; patients with UECs were less likely to receive 

neoadjuvant therapy and adjuvant chemotherapy. Additional work is warranted to understand 

the clinical behavior of non-hypermutant TP53-mutated low-grade UECs. Nevertheless, our 

data emphasize the importance of molecular risk stratification in addition to histologic 

grading in UECs.

Our study has several limitations. Although we studied a large series of TP53-mutated ECs, 

UCCs are rare and the sample size small; hence, the subgroup analyses on UCC should 

be interpreted as exploratory and warrant further independent validation. Furthermore, the 

mutational analyses we performed were restricted to cancer-related genes; whole-exome 

or whole-genome sequencing analyses are warranted to assess whether other genetic 

alterations, including structural rearrangements, may play roles in the different TP53­

mutated histologic subtypes ECs studied, which could not be assessed here.

Taken together, this study demonstrates that TP53-mutated ECs across histologic subtypes 

harbor similar molecular profiles. Our findings further suggest that ERBB2 assessment 

should be performed on all TP53-mutated ECs. Although TP53-mutant ECs of distinct 

histologic types display genomic and clinical similarities, serous carcinoma were more 

frequently stage IV at presentation and had more persistent and/or recurrent disease, which 

provides justification for the continuing histologic classification of TP53-mutated ECs 

alongside molecular stratification/ characterization.
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Figure 1. CONSORT diagram summarizing the selection process of non-hypermutant TP53­
mutated endometrial cancers included in this study
EDM, exonuclease domain mutant; MMR, DNA mismatch repair; MSI, microsatellite 

instability
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Figure 2. Histologic subtypes of non-hypermutant TP53-mutated endometrial carcinomas and 
p53 expression
TP53-mutated endometrial carcinomas are of different histologic subtypes. TP53-mutated 

endometrioid endometrial carcinoma can present as (A) FIGO grade 1, (B) grade 2, or 

(C) grade 3. (D) TP53-mutated endometrial carcinomas can have ambiguous morphologic 

features. (E) The most common histologic subtype is endometrial serous carcinoma. (F) 

Endometrial clear cell carcinoma is the least common morphologic variant. In some TP53­

mutated endometrial carcinomas, p53 aberrant expression can be subclonal. The subclonal 

aberrant expression in (G) shows variable overexpression of p53 in most cells of UEC (top), 

whereas the subclonal aberrant expression in (H), a high-grade endometrial carcinoma with 

ambiguous features/ not otherwise specified (EC-NOS), shows more uniform overexpression 

of p53 (top), the bottom glands in both (G) and (H) show wild-type (heterogenous) p53 

staining pattern.
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Figure 3. Clinicopathologic features of non-hypermutant TP53-mutated endometrial carcinomas 
and association with outcome
(A) Age at TP53-mutated endometrial cancer diagnosis. These tumors mostly occur in 

elderly patients. (B) FIGO stage at TP53-mutated endometrial cancer diagnosis. The 

majority of TP53-mutated tumors present with advanced FIGO stages. (C) Alluvial 

graph showing myometrial invasion, peritoneal/ omental involvement at presentation and 

recurrence in patients with TP53-mutated endometrial carcinomas. Note that TP53-mutated 

endometrial cancers have similar rates of peritoneal involvement irrespective of histologic 

subtype. Cases with non-myoinvasive disease are shown in darker shades. (D), Kaplan­

Meier curve for disease-free survival of patients with TP53-mutated endometrial cancer of 

serous histology and those of other histologic subtypes (i.e. clear cell, endometrioid, and 

ambiguous high-grade). (E) Percentage of patients with TP53-mutated endometrial cancer 

who received adjuvant chemotherapy. Note that the choice of adjuvant therapy was different 

between UEC and USC. (Carbo: carboplatin). (F) Percentage of patients with TP53-mutated 
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endometrial cancer who received adjuvant radiation therapy. IVRT, intravascular radiation 

therapy; ERBT, External beam radiation therapy; RT, radiotherapy. EC-NOS, high-grade 

endometrial carcinoma with ambiguous features/ not otherwise specified; UCC, uterine clear 

cell carcinoma; UEC, uterine endometrioid carcinoma; USC, uterine serous carcinoma.
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Figure 4. Somatic mutations and gene copy number alterations in non-hypermutant TP53­
mutated endometrial carcinomas
(A) Oncoprint depicting the most recurrent genomic alterations in TP53-mutated 

endometrial carcinomas. Each column represents a tumor with the bar graph at the 

top depicting the number/distribution of alterations per sample, and the Oncoprint rows 

showing alterations for each gene. The bottom part of the graph shows the summary 

of histopathologic and clinical information for each case. The bar graph on the right of 

the panel shows the number and distribution of alterations for each gene. Mutation types 

and clinicopathologic features are color-coded according to the legend. NA, not available. 

(B) Distance matrix showing the somatic interaction of commonly altered genes in TP53­

mutated endometrial carcinomas. Significant co-occurrences are marked in shades of green 

and the significant mutual exclusivity marked in shades of purple. The size of the * depicting 

the p-value and the intensity of color shows the degree of association or exclusion.
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Table 1.

Summary of clinicopathological findings in non-hypermutated TP53-altered endometrial carcinomas

All EC-NOS UCC UEC USC

Samples (n) 185 44 11 28 102

Median age at diagnosis (range) (years) 69 (39–93) 69 (39–93) 73 (67–87) 63 (44–79) 70 (55–92)

Tumors with myometrial invasion (%) 62.2 61.4 63.6 60.7 62.7

Myometrial invasion depth (%) 48.7 47.3 45.8 43.1 51.2

Tumors with cervical stromal invasion (%) 22.2 20.5 25.0 18.5 30.9

Tumors with lymphovascular invasion (%) 61.6 56.8 54.5 42.9 69.6

Tumors with adnexal involvement (%) 29.7 38.6 18.2 21.4 29.4

FIGO Stage (%) I 30.3 25.0 45.4 53.6 24.5

II 5.4 4.5 9.1 0.0 6.9

III 31.3 34.1 27.3 39.3 28.4

IV 33.0 36.4 18.2 7.1 40.2

Patients with disease progression (%) 74.1 65.9 54.5 53.6 85.3

Median disease-free survival (months) 16.6 19.3 31.3 25.7 14.5

Patients alive (%) 64 61 100.0 71 59

Median overall survival (months) 53.9 89.2 N/A 98.4 43.8

EC-NOS: Histologically ambiguous high-grade endometrial carcinoma, UCC: Uterine clear cell carcinoma, UEC: Uterine endometrioid carcinoma, 
USC: Uterine serous carcinoma.
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