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Abstract

The Cancer Genome Atlas (TCGA) identified 4 groups of endometrial carcinomas based on an 

integrated genomic characterization: POLE ultramutated (POLE), microsatellite instability-high 

(MSI-H), copy number-low (CN-L), and copy number-high (CN-H). In that study, CN-H 

comprised all of the serous carcinoma cases and 25% of all FIGO grade 3 endometrioid carcinoma 

cases. In this study, two expert gynecologic pathologists undertook a morphologic reassessment of 

the FIGO grade 3 endometrioid carcinoma subset of the TCGA study cohort, including an analysis 

for evidence of serous differentiation. Interobserver variability kappa values are reported for the 

histologic evaluation of all four genomic clusters, and diagnostic discrepancies are discussed. 

Overall, there were 55 agreements, 6 disagreements, and 14 deferrals. Of the 75 cases analyzed, 6 

cases had a consensus morphologic diagnosis of serous carcinoma, but only 2 of these cases had a 

serous carcinoma genotype while the remaining 4 cases were genotypically endometrioid 

carcinoma. For the CN-H group, 2 of 15 cases were serous carcinoma by morphology and 

genotype, whereas at least one pathologist interpreted the remaining 13 cases as endometrioid 

carcinoma. The interobserver agreement rate was highest in the CN-L group (90%; kappa 0.9), 

compared to the other genomic groups (POLE: 62%, kappa 0.55; MSI-H: 78%, kappa 0.74; and 

CN-H: 53%, kappa 0.48). Our review confirms that most high-grade endometrial carcinomas 

diagnosed by TCGA as FIGO grade 3 endometrioid carcinoma are indeed endometrioid 

carcinomas by morphology and genotype, and that the reproducibility of histologic diagnosis 

between pathologists varies between the TCGA integrated genomic clusters.
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 Introduction

High-grade endometrial carcinomas constitute a heterogeneous group of tumors that show 

variable histology, molecular abnormalities, and clinical outcomes. Although high-grade 

carcinomas comprises a minority of cases of endometrial neoplasia, they account for a 

disproportionate number of endometrial cancer deaths.1,2

Prototypic high-grade endometrial carcinomas can be reproducibly diagnosed on H&E 

slides alone; however, as many as 30–50% of high-grade endometrial carcinomas are not 

morphologically prototypic, leading to poor reproducibility in the diagnosis.3 One of the 

most common diagnostic challenges in the assessment of high-grade endometrial carcinoma 

is the distinction between FIGO grade 3 endometrioid carcinoma and serous carcinoma. 

Endometrioid carcinoma is characterized by frequent mutations in PTEN, ARID1A, DNA 

mismatch repair genes, KRAS, and PIK3CA. Additionally, a subset of high-grade and even 

rare low-grade endometrioid carcinomas harbors mutations in TP53. In contrast, serous 

carcinoma is characterized by frequent mutations in TP53 and PPP2R1A, while mutations 

involving PTEN, ARID1A, DNA mismatch repair genes, and KRAS are very infrequent.4–6

The Cancer Genome Atlas (TCGA), a multi-institutional project sponsored by the National 

Cancer Institute and the National Human Genome Research Institute, recently reported on 

the genomic, transcriptomic, and proteomic analysis of 373 endometrial carcinomas (306 

endometrioid carcinomas, 66 serous and mixed carcinomas) using massively parallel 

sequencing and array-based technologies in combination with DNA methylation, reverse 

phase protein array, and microsatellite instability analyses.7 The TCGA study is the largest 

comprehensive genomic study of endometrial carcinoma to date. Based on the integration of 

the somatic gene mutations, microsatellite instability, and somatic copy-number alterations 

results, endometrial carcinomas were categorized into 4 genomic groups: 1) An 

“ultramutated” group harboring mutations in the exonuclease domain of the polymerase 

epsilon (POLE) gene, and characterized by very high mutation rates; 2) A “hypermutated” 

group characterized by microsatellite instability (MSI) due to MLH1 promoter methylation, 

with high mutation rates and few copy number alterations; 3) A “copy number-low (CN-

low)” group, composed of most of the microsatellite-stable grade 1 and grade 2 

endometrioid carcinomas, which demonstrated low mutation rates; and 4) A “copy number-

high” (CN-high) group with extensive copy number aberrations, low mutation rates, and 

recurrent TP53 mutations, composed of all of the serous carcinomas in the study and 25% of 

all FIGO grade 3 endometrioid carcinomas.7 These results provided a completely novel 

insight into the genetic and clinical heterogeneity of FIGO grade 3 endometrioid 

carcinomas. Unlike serous carcinoma, FIGO grade 3 endometrioid carcinomas did not 

segregate to a single molecular cluster, but were represented in all 4 TCGA subgroups.7

With regards to clinical outcome, while some authors report similar poor clinical outcome 

among all high-grade endometrial tumors,1,8,9 others report a significantly poorer prognosis 

for serous carcinoma compared to FIGO grade 3 endometrioid carcinoma.10 It is possible 

that the variability in the inclusion criteria for FIGO grade 3 endometrioid carcinoma might 

account for the differences reported. The TCGA study showed that CN-high endometrial 

carcinomas had the worst progression-free survival of the 4 TCGA genomic groups.7 In 
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contrast, despite their high-grade morphology, POLE-mutated high-grade endometrioid 

carcinoma had the best progression-free survival of the 4 molecular categories. These results 

clearly demonstrate the emerging requirement for pathologists to learn to recognize the 

subset of endometrioid carcinomas that are CN-high, and to reproducibly separate them 

from ultramutated endometrial carcinomas harboring POLE exonuclease domain somatic 

mutations (EC-POLE) and MSI-H endometrioid tumors.

In this study, we sought to analyze the clinicopathologic and molecular characteristics of 

FIGO grade 3 endometrioid carcinomas using the TCGA dataset. No prior morphologic-

genomic correlations had ever been performed on this comprehensive dataset. The primary 

aim of this study was to determine whether the subset of CN-high Gr3-EMC identified in the 

TCGA study would have histologic features of serous carcinoma on retrospective histologic 

review by 2 experienced gynecologic pathologists. A secondary aim was to compare the 

morphologic diagnoses rendered on this tumor cohort by these pathologists in terms of 

histologic tumor subtyping, molecular profile, and TCGA genomic classes of the cases, 

particularly in cases with a discordant diagnosis.

 Material and Methods

The TCGA database included 116 cases of FIGO grade 3 endometrioid carcinomas, only 75 

of which underwent exome sequence analysis. These 75 cases constituted our study cohort. 

TCGA genomic class was obtained along with the other molecular and clinical data from the 

cBioPortal website (http://www.cbioportal.org) and the TCGA data portal website (https://

tcga-data.nci.nih.gov/tcga).7

Virtual whole slide images of each case were studied by 2 gynecologic subspecialty 

pathologists (RB & RAS) from 2 academic institutions, and the cases were categorized as 

endometrioid carcinoma or serous carcinoma according to the World Health Organization 

classification.11 Tumors with endometrioid differentiation were classified as FIGO grade 3 

endometrioid carcinomas if there was >50% solid architecture, or if there was 5–50% solid 

architecture in the presence of marked nuclear pleomorphism.11 Diagnostic criteria were not 

reviewed and harmonized between reviewers prior to undertaking the study, in order to 

simulate “real world” practice. The histologic subtype of a given case was recorded by each 

pathologist independently without knowing its TCGA genomic class. The cases were 

categorized as “agreement” when the diagnoses from both reviewers were the same, 

“disagreement” when they differed, and “indeterminate” when at least one pathologist could 

not confidently diagnose either serous or endometrioid carcinoma (“deferral”).

Using the criteria from Hoang et al’s study, cases were defined genotypically as 

endometrioid carcinoma when they had PTEN and/or ARID1A mutations, with or without 

TP53 mutation, or as serous carcinoma if the tumor harbored a TP53 mutation in the 

absence of PTEN and ARID1A.12

In order to investigate whether review of a single virtual whole slide image was as 

diagnostically informative as review of a full set of H&E slides in any one case, all slides 

pertaining to 12 of the FIGO grade 3 endometrioid carcinoma cases (the virtual slide images 
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of which were already reviewed among the 75 cases of this study) from the TCGA study 

were retrieved from the archives of Memorial Sloan Kettering Cancer Center for review by 

one of the study pathologists. The TCGA genomic class and molecular data from these 12 

cases were obtained by another study co-author (DAL), while maintaining the patients’ 

identity. Histologic diagnoses made on the basis of the virtual slide review and review of the 

complete case slides were compared in the 12 cases.

Pairwise comparison of the agreement between reviewers among the different TCGA 

genomic groups was done by calculation of Kappa statistics.

 Results

In the study cohort of 75 tumors initially diagnosed as FIGO grade 3 endometrioid 

carcinomas in the TCGA project, median patient age was 64 years (range, 33 to 90 years). 

The majority of patients presented as FIGO stage I (49 patients; 65%); 5 were stage II, 15 

were stage III, and 5 were stage IV.

Among the 75 cases, 8 were EC-POLE, 42 MSI-H, 10 CN-low, and 15 CN-high. The 

diagnostic opinions of the two reviewers and the corresponding TCGA genomic groups are 

illustrated in Figure 1. Diagnostic agreement was seen in 55 of 75 (73%) cases, while 

disagreement was noted in 6 of 75 (8%). In 14 (19%) cases, the diagnosis was deferred by at 

least one pathologist. The TCGA ID list of all the study cases is shown in Supplementary 

Table 1.

Of the 75 cases analyzed, reviewer 1 diagnosed 53 (71%) cases as endometrioid carcinoma, 

8 (11%) as serous carcinoma (3 of which had a serous carcinoma genotype), while the 

remaining 14 (19%) cases were deferred. Reviewer 2 diagnosed 61 (81%) cases as 

endometrioid carcinoma and 13 (17%) as serous carcinoma (4 of which had a serous 

carcinoma genotype); 1 case was deferred.

In 6 of the 75 cases, the 2 pathologists had a consensus diagnosis of serous carcinoma 

(Figure 2); 4 of the 6 cases were CN-high, 1 EC-POLE, and 1 MSI-high. TCGA group and 

genotype of cases with a consensus diagnosis of serous carcinoma by the 2 reviewers are 

illustrated in Table 1. Despite the fact that these 6 cases were interpreted as serous 

carcinoma by both reviewers, only 2 of the 6 cases had a serous carcinoma genotype (i.e., 

harboring TP53 mutation in the absence of PTEN and/or ARID1A mutation), which were 

among the CN-high group (TCGA-AP-A053 and TCGA-AP-AOLF). The remaining 4 cases 

had an endometrioid genotype. Of note, none of the CN-low cases were interpreted as serous 

carcinoma by any of the reviewers, while 13 of 15 (87%) CN-high cases were interpreted as 

endometrioid by at least one pathologist.

The extent of phenotype-genotype discrepancies led us to hypothesize that inter-observer 

diagnostic agreement varies according to TCGA genomic class assignment. In this study we 

found that while the diagnostic agreement rate between the 2 reviewers was excellent in the 

CN-low tumors (90%; kappa: 0.9) and good in the MSI-high group (78%; Kappa: 0.74), 

agreement was moderate in the EC-POLE tumors (62%; Kappa: 0.55), and poor in the CN-
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high tumors (53%, Kappa: 0.48) (Table 2). Figures 3 and 4 are examples of diagnostically 

concordant and discordant cases, respectively.

One of the reviewers (RAS) then examined full H&E slide sets from 12 cases that were part 

of the TCGA study without knowing the genomic subgroup assignment. Among the 12 

cases, 4 were EC-POLE, 7 MSI-H, and 1 CN-high. None of these cases were deferred by the 

reviewer, unlike the experience of reviewing only 1 representative slide. The single CN-high 

case was classified histologically as FIGO grade 3 endometrioid carcinoma, despite having a 

serous carcinoma genomic signature.

 Discussion

The TCGA identified 4 groups of endometrial carcinoma based on an integrated genomic 

characterization, including EC-POLE, MSI-H, CN-low, and CN-high (serous-like).7 Our 

review of FIGO grade 3 endometrioid carcinomas studied by the TCGA demonstrates that 

only 13% of CN-high cases would be recognized as serous carcinoma by morphologic 

consensus and genotype, confirming that a subset of truly endometrioid high-grade 

carcinomas segregate into the CN-high group with endometrial serous carcinoma. Our 

findings support previous reports that there is considerable interobserver variability in 

distinguishing FIGO grade 3 endometrioid carcinoma from serous carcinoma.3,13,14 Only 

the CN-low tumors (type I endometrial cancer according to Bokman’s model15) were 

reproducibly and confidently diagnosed as FIGO grade 3 endometrioid carcinoma without 

any misclassification as serous carcinoma. There were also diagnostic discrepancies in 

classifying EC-POLE, MSI-H, and CN-high tumors as endometrioid or serous on 

morphologic grounds. Therefore, assumptions about morphologic, immunohistochemical, 

and genetic differences between FIGO grade 3 endometrioid carcinoma and serous 

carcinoma may need to be adjusted, given the fact that a proportion of FIGO grade 3 

endometrioid carcinomas cluster with serous carcinomas in terms of both copy number 

aberrations and p53 mutation status.

Recent studies have identified what are currently thought to be distinct molecular profiles for 

endometrial endometrioid carcinoma and serous carcinoma. Endometrioid carcinoma is 

characterized by frequent mutations in PTEN and/or ARID1A, with a subset harboring 

mutations in TP53 (especially FIGO grade 3 tumors).4–6,12,16 Mutation of PPP2R1A is 

infrequent in endometrioid carcinomas. In contrast, serous carcinoma is characterized by 

frequent mutations in TP53 and PPP2R1A, whereas mutations involving PTEN and/or 

ARID1A are very infrequent.4,5,17,18 PIK3CA mutation is found in a subset of both 

histologic subtypes. This mutation profile, however, does not address the substantial genetic 

heterogeneity in FIGO grade 3 endometrioid carcinomas that was subsequently reported by 

the TCGA, as described above.7 A recent study examined the correlation between tumor 

histotype and genotype in 36 high-grade previously genotyped endometrial carcinoma cases 

among 8 gynecologic pathologists.12 When there was high interobserver agreement between 

the 8 pathologists, cases were genotype-concordant; meanwhile, when there was a lack of 

interobserver agreement, one-third of cases were genotype-discordant. The recommendation 

from the investigators of that study was to refine the diagnostic criteria used for 

distinguishing high-grade endometrioid carcinoma and serous carcinoma as informed by 
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genotype. High nuclear grade distributed diffusely in the setting of glandular or papillary 

tumor was equated with a serous carcinoma genotype. For tumors with solid architecture and 

high nuclear grade, a diagnosis of endometrioid carcinoma should be favored when a low-

grade endometrioid component, squamous or mucinous differentiation, or endometrial 

hyperplasia is present. This approach could not be fully applied in the current study, as only 

a single virtual slide was available for review in most cases.

Immunohistochemistry has been recommended as an adjunctive tool to distinguish FIGO 

grade 3 endometrioid carcinoma from serous carcinoma in diagnostically challenging cases. 

If defining endometrioid features are not present, a panel of immunohistochemical stains 

including p53, PTEN, ARID1A, and DNA mismatch repair proteins can be applied. 

Aberrant p53 immunohistochemical expression without abnormalities in ARID1A or DNA 

mismatch repair proteins, as well as PTEN, should be sufficient to confirm a serous 

carcinoma diagnosis if suspected on routine morphological examination. Conversely, 

aberrant p53 expression along with alteration of one or more of the previously mentioned 

markers supports endometrioid differentiation, whereas tumors lacking aberrant p53 

expression are not likely to be serous carcinoma (Figure 5).19–21

For the differential diagnosis of EC-POLE and serous carcinoma, our group has recently 

described the histopathologic features of EC-POLE and demonstrated that EC-POLEs 

almost always show defining endometrioid features, at least focally. In addition, focal or 

patchy marked nuclear atypia, but not diffuse nuclear atypia, as seen in serous carcinoma, 

can be found. Furthermore, in contrast to serous carcinomas, the majority of EC-POLEs 

show increased tumor-infiltrating lymphocytes and/or peri-tumoral lymphocytes; in addition, 

these patients are significantly younger.22 A panel of immunohistochemical stains such as 

p53, PTEN, ARID1A, and p16 may be used to discriminate serous carcinomas from FIGO 

grade 3 endometrioid carcinoma; however, currently the only definite way to detect EC-

POLE tumors is by sequencing the POLE gene. Clinically, both the TCGA and Meng et al 

found that patients with EC-POLE have excellent disease progression survival.7,23, 24

Regarding the distinction between MSI-H FIGO grade 3 endometrioid carcinomas and 

serous carcinoma, MSI-H tumors tend to show considerable intra-tumoral heterogeneity and 

may display dense intra-tumoral and peri-tumoral lymphocytes.25–27 Immunohistochemistry 

is helpful in this differential diagnosis, as tumors in this category should show abnormal 

DNA mismatch repair protein expression in more than 90% of cases,28 in contrast to serous 

carcinoma. According to the TCGA study, patients with MSI-H tumors had progression-free 

survival that falls between that of EC-POLE and CN-high tumors.7

Future studies are still needed to determine whether CN-high FIGO grade 3 endometrioid 

carcinoma is clinically separable from serous carcinoma. Further research is also required to 

find out where endometrial clear cell carcinoma, malignant mixed mullerian tumor, and 

undifferentiated carcinoma would fit into this new paradigm.

There are several limitations to this study. First, only a single virtual slide image from each 

case was available for morphologic evaluation. Review of full H&E slide sets is probably 

necessary to distinguish high-grade endometrioid carcinoma (particularly in the CN-high 
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group) from mimics, consistent with the fact that these tumors are more heterogenous and 

difficult to diagnosis, compared to CN-low endometrioid tumors. It is noteworthy that, even 

when all H&E slides on one CN-high case were reviewed, it was histologically interpreted 

as FIGO grade 3 endometrioid carcinoma despite having a serous carcinoma genomic 

signature. A further study limitation is the fact that no immunohistochemical studies were 

available to the reviewers of this study to aid in the histologic classification, as the TCGA 

did not perform immunohistochemistry in their study. Thirdly, molecular studies were 

performed by the TCGA on a section of tumor different from the one studied histologically, 

suggesting there might be differences in the mutation profile of different parts of FIGO 

grade 3 endometrioid carcinomas, as these tumors may be morphologically and genetically 

heterogenous. Finally, the clinical value of genomic-based subtyping of endometrial 

carcinoma still needs independent validation. Further studies with longer follow-up are 

necessary to confirm the clinical significance of the TCGA subtyping of endometrioid and 

serous carcinoma as the TCGA study was retrospective in nature and included 

heterogeneously treated patients.

In summary, our review confirms that most high-grade endometrial carcinomas diagnosed by 

TCGA as FIGO grade 3 endometrioid carcinoma are endometrioid by morphology and 

genotype. Nevertheless, approximately 25% of FIGO grade 3 endometrioid carcinomas 

cluster with serous carcinoma by virtue of TP53 mutation and high copy number alterations 

as shown by the TCGA. Prototypic type I endometrial carcinoma (copy number-low by 

TCGA) are reproducibly recognized as endometrioid, whereas significant interobserver 

variation in distinguishing FIGO grade 3 endometrioid carcinoma and serous carcinoma 

remains a problem in the EC-POLE and CN-high groups.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The different diagnostic opinions between the 2 reviewers (agreement, disagreement, and 

deferrals) with the corresponding TCGA genomic groups.

Abbreviations: TCGA, The Cancer Genome Atlas; EMC, endometrioid carcinoma; SC, 

serous carcinoma; EC-POLE, ultramutated endometrioid carcinoma harboring POLE 
mutation; MSI-H, hypermutated endometrioid carcinoma with microsatellite instability; CN-

high, copy number-high serous and serous-like FIGO G3 endometrioid carcinomas
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Figure 2. 
Tumors interpreted by both reviewers as serous carcinoma. (A & B) TCGA-BS-A0UV: (A) 

low power, (B) high power. Endometrial carcinoma harboring POLE mutation, interpreted 

by both pathologists as serous carcinoma. The tumor harbored TP53, PTEN, and ARID1A 
mutations, an endometrioid genotype. (C & D) TCGA-AP-A0LF: (C) low power, (D) high 

power. Endometrial carcinoma with high copy-number alteration, interpreted by both 

pathologists as serous carcinoma. The tumor harbored TP53 mutation in the absence of 

PTEN and ARID1A mutation, a serous genotype. (E & F) TCGA-AP-A053: (E) low power, 

(F) high power. Endometrial carcinoma with high copy-number alteration, interpreted by 

both pathologists as serous carcinoma. The tumor harbored TP53 mutation in the absence of 

PTEN and ARID1A mutation, a serous genotype.
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Figure 3. 
A tumor (TCGA-BG-A0M8) interpreted as endometrioid carcinoma by reviewer 1 and 

serous carcinoma by reviewer 2. (A) low power, (B) high power, (C) focal area of mucinous 

metaplasia. This tumor was an endometrial carcinoma with high copy-number alteration that 

harbored TP53 mutation in the absence of PTEN and ARID1A mutation, a serous genotype 

according to Hoang et al (12). Interestingly, this tumor also had KRAS mutation and it was 

negative for PPP2R1A mutation.
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Figure 4. 
Tumor interpreted by both pathologists as FIGO grade 3 endometrioid carcinoma. TCGA-

B5-A0JR: (A) low power, (B) high power. This tumor was in the low copy-number alteration 

TCGA genomic group. The molecular profile was consistent with endometrioid genotype.
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Figure 5. 
Immunohistochemistry may aid in the distinction between challenging cases of serous 

carcinoma and FIGO grade 3 endometrioid carcinoma.

Abbreviations: EMC, Endometrioid carcinoma; DNA MMR, DNA mismatch repair 

proteins; SC, serous carcinoma.
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Table 1

TCGA group and genotype of cases with a consensus diagnosis of serous carcinoma by the 2 reviewers

TCGA ID TCGA genomic group Mutations Genotype

TP53 PTEN +/− ARID1A

TCGA-BS-A0UV EC-POLE + PTEN&ARID1A Endometrioid

TCGA-BG-A222 MSI-H − None Endometrioid

TCGA-AP-A053 CN-high + None Serous

TCGA-AP-A0LF CN-high + None Serous

TCGA-B5-A0K3 CN-high + ARID1A Endometrioid

TCGA-D1-A1O0 CN-high + PTEN Endometrioid

TCGA, The Cancer Genome Atlas; EC-POLE, ultramutated endometrial carcinoma; CN-high, copy-number high.
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