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Abstract

Objective—Categorization and risk stratification of endometrial carcinomas is inadequate; 

histomorphologic assessment shows considerable interobserver variability, and risk of metastases 
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and recurrence can only be derived after surgical staging. We have developed a Proactive 

Molecular Risk classification tool for Endometrial cancers (ProMisE) that identifies four distinct 

prognostic subgroups. Our objective was to assess whether molecular classification could be 

performed on diagnostic endometrial specimens obtained prior to surgical staging and its 

concordance with molecular classification performed on the subsequent hysterectomy specimen.

Methods—Sequencing of tumors for exonuclease domain mutations (EDMs) in POLE and 

immunohistochemistry for mismatch repair (MMR) proteins and p53 were applied to both pre- 

and post-staging archival specimens from 60 individuals to identify four molecular subgroups: 

MMR-D, POLE EDM, p53 wild type, p53 abn(abnormal). Three gynecologic subspecialty 

pathologists assigned histotype and grade to a subset of samples. Concordance of molecular and 

clinicopathologic subgroup assignments were determined, comparing biopsy/curetting to 

hysterectomy specimens.

Results—Complete molecular and pathologic categorization was achieved in 57 cases. 

Concordance metrics for pre- vs. post-staging endometrial samples categorized by ProMisE were 

highly favorable; average per ProMisE class sensitivity(0.9), specificity(0.96), PPV(0.9), 

NPV(0.96) and kappa statistic 0.86(95%CI, 0.72-0.93), indicating excellent agreement. We 

observed the highest level of concordance for ‘p53 abn’ tumors, the group associated with the 

worst prognosis. In contrast, grade and histotype assignment from original pathology reports pre- 

vs. post-staging showed only moderate levels of agreement (kappa=0.55 and 0.44 respectively); 

even with subspecialty pathology review only moderate levels of agreement were observed.

Conclusion—Molecular classification can be achieved on diagnostic endometrial samples and 

accurately predicts the molecular features in the final hysterectomy specimens, demonstrating 

concordance superior to grade and histotype . This biologically relevant information, available at 

initial diagnosis, has the potential to inform management (surgery, adjuvant therapy) from the 

earliest time point in cancer care.

Introduction

Endometrial carcinoma (EC) is the most common gynecologic malignancy worldwide, 

increasing globally in both incidence and mortality [1-4]. Histotype and grade assignment in 

EC is unreliable, even among expert pathologists [5-8], leading to inconsistent 

categorization of tumors within and between cancer centers. Current risk stratification 

systems used to guide adjuvant therapy are based on these irreproducible histomorphologic 

features. Additionally, tumor stage can only be assigned after definitive surgery (including 

hysterectomy and loss of child bearing capacity). For the approximately 14% of women 

diagnosed with EC under the age of 50 [9], who may be interested in fertility-sparing 

alternatives, this information comes too late. However all EC patients and not just these 

younger individuals would benefit from accurate prognostication to determine personalized 

treatment options (aggressiveness of surgery, chemotherapy, radiation). Our current system 

is inadequate; patient management, interpretation of clinical trials, and EC research have 

been hindered by these shortcomings.

There is a need for improved EC subgroup assignment and risk assessment. The Cancer 

Genome Atlas (TCGA) [10] applied array-based and sequencing methodologies on a large 
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series of endometrioid and serous ECs, and identified four molecular subgroups of EC that 

were associated with differences in progression free survival. Subsequently, our group and 

others [11, 12] have demonstrated that pared down pragmatic assays applicable in routine 

diagnostic practice can be used to identify four molecular subgroups. Although not identical 

to TCGA categorization, there is significant overlap and these subgroups are also strongly 

associated with outcomes. In this study we sought to determine whether our new classifier 

(Proactive Molecular Risk classification tool for Endometrial cancers (ProMisE)) could be 

applied to endometrial biopsy or curetting specimens containing endometrial cancer that 

were obtained for diagnostic purposes, and if classification of these samples was concordant 

with final hysterectomy endometrial samples obtained at definitive surgical staging.

Methods

Cohort selection

To determine an appropriate cohort selection, an a priori power calculation was performed 

using the distribution of molecular subgroups in the TCGA (∼7% POLE (ultramutated), 

28% MSI-high, 39% CNlow and 26% CN-high), to reveal that a sample of size n=47 would 

be sufficiently large to detect concordance between pre- and post-staging endometrial 

samples greater than 0.65 (Power = 0.8, α=0.05). Previous studies [13-16] have 

demonstrated that it is common for grade assignment to change between diagnostic (pre-) 

and final (post- surgical staging) endometrial specimens (κ=0.65); therefore, we considered 

the molecular classification tool (ProMisE) to be clinically useful if it improved upon this 

figure. In order to account for a potential loss of cases due to molecular test failure, we 

selected 60 women with EC where both diagnostic (pre-) and hysterectomy (post-staging) 

endometrial specimens were available. With Institutional Review Board approval, we 

identified 40 cases from our previously described EC hysterectomy cohort [11] that had 

undergone molecular classification with the ProMisE tool, based on the hysterectomy 

specimen, for whom there were available pre-surgical staging samples (endometrial biopsies 

or curettage specimens) that had not undergone molecular classification. These initial 40 

cases were selected to ensure representation from all four molecular subgroups. We 

additionally identified 20 recent cases of EC where both diagnostic and final endometrial 

specimens were available; for these cases there was no prior knowledge of molecular 

subgroup. Hysterectomies performed after neoadjuvant treatment were excluded from the 

study to ensure that there was not disagreement between samples secondary to treatment-

induced molecular changes.

The ProMisE molecular classification scheme was used to assign EC specimens (both 

diagnostic and final hysterectomy within the same individual) to one of four molecular 

subgroups using methodologies previously described [11, 17]. Testing involved sequential 

assessment of i) IHC for MMR proteins MLH1, MSH2, MSH6 and PMS2 ii) sequencing for 

polymerase epsilon (POLE) exonuclease domain mutations (EDMs), and iii) p53 IHC 

(Figure 1). Agreement of the molecular classification (ProMisE) was then compared 

between pre- and post-surgical staging specimens.
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TMA construction

For all diagnostic endometrial samples (endometrial biopsy, endometrial curettage 

specimens), a tissue microarray was constructed using 0.6 mm cores in duplicate.

Immunohistochemistry

Methodological details regarding IHC for mismatch repair proteins (MLH1, MSH2, MSH6, 

PMS2) and for p53 have previously been described [11, 18]. In cases with equivocal or 

uninterpretable immunohistochemical results based on the TMA slides, 

immunohistochemistry was repeated on full sections. Scoring was performed by one of three 

pathologists (CBG, QN, JL). MMR status was interpreted as lost if there was complete 

absence of staining in the tumor cells with adequate positive staining of internal controls 

(inflammatory cells or stroma). p53 was interpreted as abnormal if there was complete 

negative staining (null-pattern) or strong/diffuse staining in >70% of tumor cells (aberrant 

positive pattern). All other patterns were interpreted as wild-type.

DNA extraction

Methods have previously been described [11, 17]. Briefly, DNA from formalin fixed paraffin 

embedded (FFPE) tumor blocks were extracted using the Qiagen FFPE tissue kit, and all 

DNA was quantified using the Qubit fluorometer kit (Life Technologies). To determine 

somatic status normal DNA was either extracted from available buffy coat or representative 

normal FFPE blocks.

Sequencing

Targeted primers were designed to cover the POLE EDM exons 9-14. PCR products 

(150-200bp) were amplified using the Fluidigm 48×48 Access Arrays, as per manufacturers 

protocol, with input of 100ng FFPE derived DNA, and 50ng high-quality DNA from buffy 

coat or frozen tumor DNA. DNA barcodes (10bp) with Illumina cluster-generating adapters 

were added to the libraries, and 96 samples pooled. The library pools were sequenced using 

the Illumina MiSeq for ultra-deep sequencing. All validated POLE mutations were bi-

directionally sequenced twice at minimum using tumor DNA, and once in the normal to 

validate somatic or germline status using either ultra-deep MiSeq sequencing or Sanger 

sequencing. Additional details can be found in the previous publications [11, 17].

Histotype and Grade assignment

We had original diagnoses from the host institutions on both diagnostic (biopsy/curettage 

specimens) and final hysterectomy specimens. In addition, three gynecologic subspecialty 

pathologists form three independent tertiary care institutions (RS, MK, CHL) reviewed 1-2 

representative haematoxylin and eosin stained slides of diagnostic and final hysterectomy 

specimens with the goal of assigning histotype and grade. For grade, three choices (grade 1, 

2, or 3) were considered. For histotype, pathologists were asked to render a diagnosis in one 

of the following categories: endometrioid, mucinous, serous, clear cell, dedifferentiated, 

carcinosarcoma, mixed and other. These pathologists were blinded to the original pathology 

reports and to each other's interpretation.
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Statistics

Descriptive statistics were used to characterize the demographic, clinical and pathological 

data for evaluable cases according to molecular subgroups assigned in both the diagnostic 

and final hysterectomy specimens. To compare the diagnostic (biopsy/curetting) and final 

hysterectomy specimens using the original diagnoses assigned at our institution, overall 

accuracy and Cohen's kappa (κ) statistic were calculated for the ProMisE molecular 

classifier, grade and histotype. In addition, we computed the average per class sensitivity, 

specificity, positive predictive value (PPV) and negative predictive value (NPV). To account 

for the ordinal nature of grade, we additionally computed a weighted kappa with squared 

weights. Histotype was ultimately grouped in to 4 more encompassing categories: 

endometrioid, serous, mixed, and other. Interobserver agreement between three subspecialty 

pathologists was calculated using Fleiss' generalized Kappa coefficient for multiple raters 

and Krippendorf's alpha for ordinal data for within sample type assessment. Cohen's kappa 

and a weighted Cohen's kappa was used to compare across sample type and the result was 

averaged. 95% confidence intervals were computed using a bootstrap approach with 1000 

bootstrap samples. There was no comparison of molecular subgroups to clinical outcomes as 

this has previously been performed [11].

Results

Cohort

Of the 60 cases considered, two were excluded as they were found to have received 

neoadjuvant therapy before hysterectomy, and one case was excluded secondary to 

insufficient tumor volume for DNA extraction and POLE sequencing. A total of 57 cases 

were compared for grade, histotype, and molecular subgroup assignment by ProMisE in 

both diagnostic (pre-staging) and final hysterectomy (post-staging) specimens. Surgical 

staging had occurred between 1987 and 2013. Histotype, grade, and pathological details 

assigned to diagnostic specimens and final hysterectomy specimens were taken from 

original pathology reports from our center. Details, including patient demographics, tumor 

grade, and histotype for the diagnostic specimens are shown in Table 1a.Table 1b shows the 

same parameters in addition to stage, LVSI, myometrial invasion, nodal status, adjuvant 

therapy, and ESMO risk group as designated on final hysterectomy/post-surgical staging 

specimens. The distribution of cases shows good representation of all four molecular 

subgroups. We had enriched this cohort for p53 abn and POLE EDM cases to ensure that 

these lower frequency subgroups could be adequately evaluated.

Concordance of molecular classifier

Table 2 shows the overall concordance (Table 2a) and the concordance metrics (Table 2b) 

including average per molecular subgroup sensitivity, specificity, PPV, NPV and kappa 

statistic for the ProMisE molecular classifier comparing diagnostic and final surgical 

samples, with the latter held to be the “gold standard”. Kappa statistic of 0.86 (95%CI) was 

consistent with a “near perfect” level of agreement [19], fulfilling our goal of improvement 

over previously published data showing poor concordance between pre- and post-operative 

samples, when assessed for the conventional histopathological parameters of grade and 

histotype [20-22]. Also shown are the concordance metrics within each molecular subgroup 
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(Table 2c.). Sensitivity, specificity, positive predictive values and negative predictive values 

are all highly favorable across subgroups (≥.9 except sensitivity for p53 wt (0.84) and POLE 

(0.82) subgroup, and positive predictive value for MMR-D (0.83)) with perfect or near 

perfect metrics within the p53 abn subgroup.

Interrogation of cases discordant on molecular classification

In total there were 6 of 57 cases with discordant results between diagnostic and final surgical 

sample as assessed using ProMisE, only one of which was within the p53 abn subgroup. 

Table 3 summarizes the six discordant cases, which are presented in more detail, case by 

case, below.

In case 1 a POLE EDM was detected at low allelic frequency (8% then 1% on retest) in the 

final hysterectomy sample (grade 1 endometrioid, early stage), but could not be detected in 

the diagnostic endometrial biopsy (grade 1 endometrioid). This patient had a very favorable 

outcome, and was a long term survivor. Sequencing results from our Fluidigm panel (3 

genes in addition to POLE) revealed mutations in TP53: G360R,and PPP2R1A:R183W, and 

we suspect her TP53 mutation is secondary; consistent with a POLE EDM/ultramutated 

tumor, and this EC is appropriately categorized as POLE EDM although without whole 

genome or even exome sequencing ‘ultramutator’ phenotype cannot be determined 

accurately.

Cases 2 and 3 are similar, both demonstrating loss of MMR proteins on endometrial biopsy 

specimen leading to classification as MMR-D, however the final hysterectomy shows all 

proteins intact. We re-tested the diagnostic samples, using full sections rather than tissue 

microarrays, and were able to demonstrate presence of all four MMR proteins thus changing 

their classification to p53 wt and concordant with final hysterectomy. For Case 4, MSH2/

MSH6 loss was noted on endometrial biopsy specimen and confirmed on re-testing. MMR 

IHC had been interpreted as intact originally on hysterectomy however on re-testing with 

whole sections revealed MSH2/MSH6 loss thus ProMisE classification is also concordant 
in this case upon review of whole sections. These misclassifications are therefore 

attributable to the small samples present on tissue microarrays, with 0.6 mm cores.

Case 5 remained discordant after re-review and repeat whole section MMR testing, and the 

discordant results were due to tissue sampling. In the endometrial sampling, there was only a 

low-grade endometrioid adenocarcinoma which had retention of MLH1 and PMS2. The 

hysterectomy however, had a low-grade endometrioid adenocarcinoma as well as 

dedifferentiated carcinoma, and this latter component, which was not sampled in the 

endometrial biopsy, showed loss of MLH1 and PMS2, as is commonly seen in 

dedifferentiated carcinoma of the endometrium (Figure 2).

Case 6 shows discordance in POLE EDM results, with mutations found in the diagnostic 

biopsy sample at 18% frequency (23% on retesting) but no POLE EDMs found in the final 

hysterectomy sample. Both diagnostic and hysterectomy samples were grade 1 endometrioid 

tumors, with minimal myometrial invasion in the hysterectomy specimen.
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In summary, 3 of the 6 discrepancies between diagnostic sample and hysterectomy are 

attributable to the use of TMAs with the small sample size and were easily resolved with the 

more use of whole section immunostaining, as would be done in clinical practice. In 2 cases 

there was failure to detect POLE EDM (in the diagnostic sample in one case and the 

hysterectomy specimen in the other) because of low tumor cellularity or frequency of the 

mutant allele, and again these discordant results do not reflect inferiority of the biopsy/

curetting specimen compared to the hysterectomy specimen for molecular classification. 

Instead, they reflect as yet unsolved issues around detection and interpretation of low 

frequency POLE EDM. There was thus a single tumor where the diagnostic specimen had 

failed to sample a high-grade (dedifferentiated) component of the tumor. This case (case 5) 

was a true sampling error as the biopsy was not reflective of the final tumor with respect to 

grade, histotype or molecular classification.

Concordance of grade and histotype in diagnostic endometrial vs. final hysterectomy 
samples

The overall concordance and concordance metrics for grade and histotype, based on the 

original pathology reports, comparing diagnostic pre-surgical staging samples to final 

hysterectomy samples, are shown in Table 4. Kappa statistics for simplified (4-category) 

histotype was 0.44(0.23-0.65) (Table 4a.) and for grade a weighted kappa of 0.7 (0.5-0.83) 

(Table 4b.) were comparable to what has been reported previously, and was worse than the 

high level of reproducibility seen with molecular subclassification.

Concordance of grade and histotype between gynecologic subspecialty pathologists

Table 5a shows the average concordance metrics for grade and histotype between the three 

gynecologic pathologists as evaluated within the 48 diagnostic (pre-surgical staging) and 

final hysterectomy (post-surgical staging) samples available for review. Concordance 

remains low; kappa for grouped grade (grade1/2 vs. grade 3) (0.74) and simplified histotype 

(0.51),even when assigned by experts. Finally comparing each subspecialty pathologists 

diagnoses for grade and histotype in diagnostic vs. final hysterectomy specimens i.e., 

WITHIN an individual patient there was on average kappa of 0.56 and 0.57 respectively 

(Table 5b).

Discussion

Inadequacies in our current system of endometrial cancer classification and risk stratification 

have prompted a call to action [23-26], to identify new biologically informative tools. This 

study confirms the previously reported lack of reproducibility of conventional 

histopathological assessment, both between observers, and in comparing biopsy/curetting to 

hysterectomy specimens. Attempts at comprehensive treatment guidelines [24, 27], 

interpretation of past and future clinical trials, and EC research are severely limited by our 

inability to consistently classify this disease. The tremendous advances made in research and 

treatment of other cancers have not been realized in EC.

Although TCGA represented a positive step towards informative classification, the methods 

used were impractical. Research teams from Leiden and our own center have subsequently 

Talhouk et al. Page 7

Gynecol Oncol. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



developed lower cost methods applicable to formalin-fixed paraffin-embedded (FFPE) 

specimens to identify four prognostically distinct molecular subgroups of EC [11, 12]. For 

ProMisE, the molecular classification tool we have developed, we are following the Institute 

of Medicine guidelines [28] for the development of ‘omics based testing, and have 

completed the ‘discovery’ and ‘confirmation’ stages with anticipated completion of the final 

‘validation’ stage in late 2016. We can then embark on clinical trials to determine how this 

tool can change clinical care and the costs and benefits to patients (outcomes, health 

economic) associated.

Reproducibility of any classifier is of critical importance, and one aspect of reproducibility 

is the potential to give a definitive classification based on diagnostic specimens e.g. biopsy 

or curetting's. Almost all women ultimately diagnosed with endometrial carcinoma have 

some sort of assessment of their endometrium-either by office biopsy or dilatation and 

curettage, which both identifies an EC and informs proceeding to the next step of surgical 

staging. This specimen is usually abundant/high volume and is immediately fixed often 

resulting in superior quality immunohistochemistry compared to final hysterectomy 

specimens, which may sit at room temperature for a variable period of time before 

processing. MMR and p53 proteins have relatively short half-lives and their detection is 

therefore dependent on prompt fixation, as is also true for detection of estrogen receptor and 

HER2 in breast cancer. There have been few studies looking at traditional pathological 

parameters and molecular features in endometrial biopsies [20-22, 29], but to our knowledge 

we are the first group to explore molecular classification in these specimens. Our results 

provide indirect evidence that addresses one of the questions raised by the aforementioned 

studies demonstrating only moderate agreement of histotype and grade assignment in 

diagnostic versus hysterectomy specimens i.e. is the lack of reproducibility primarily due to 

inadequate tumor sampling or to the inter- and intraobserver variability of grade and 

histotype assignment. We had only one case where there was clearly a sampling issue, with a 

high-grade dedifferentiated component not present in the biopsy specimen. This suggests 

that the observed problems with imperfect concordance between diagnostic and 

hysterectomy specimens reflects the inherent lack of reproducibility of grade and histotype 

rather than true sampling differences.

The obvious advantage to successful molecular classification with ProMisE in diagnostic 

specimens is earlier availability of prognostic information. Knowledge about a woman's risk 

of having metastatic disease, recurrence, and/or death may impact the urgency and 

comprehensiveness of surgical staging, and/or adjuvant therapy. Globally, there is a wide 

range of surgical practice, ranging from delay of hysterectomy (progesterone treatment) to 

preserve fertility, maintaining ovaries to preserve endogenous hormonal production and 

avoid associated comorbidities [30-33], pelvic +/- para-aortic lymph node assessment 

(complete, sampling, sentinel, or none), washings, omental/upper abdominal assessment 

(complete, biopsy, none). Each component of these surgical procedures has a cost: to the 

patient (fertility, cardiovascular disease, perioperative risk of injury, lymphedema) or the 

health care system (pathology processing and interpretation, operating room time). As we 

move towards personalized medicine, determining the ‘best’ surgical procedure would be a 

tremendous start. In our current system risk stratification is achievable only AFTER surgical 

staging (myometrial invasion and stage are major components). Although adjuvant therapy 
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can be guided from the post-staging information and risk group assignment, these again are 

limited by the irremediable irreproducibility of histotype and grade [5-8]. This could change 

with use of the ProMisE molecular classifier. Next steps include testing the application of 

ProMisE in the context of a clinical trial examining outcomes (survival parameters, patient 

reported outcomes/quality of life) and health economic implications as compared to current 

standard of care.

In summary, use of this molecular classifier is a pragmatic option for classifying all 

endometrial cancers at the time of initial diagnosis. The techniques described herein are 

practical and achievable at any cancer center. Endometrial biopsy or curettage specimens are 

routinely obtained during the work up and evaluation of endometrial cancers and if/when 

cancer is diagnosed the ProMisE molecular tool can be applied. Processing of the sample is 

done as it is currently, requiring no special handling, as steps can be performed on FFPE 

material. Our experience with more than 3000 clinical cases supports the use of endometrial 

biopsies or curetting specimens for MMR assessment as they are promptly fixed, with better 

antigen preservation than the corresponding hysterectomy specimen. We continue to look for 

surrogates for sequencing of POLE but given the advances in technologies and rapidly 

decreasing costs of sequencing we do not see this as a tremendous obstacle, particularly as 

we focus on a single gene, with targeted primers providing restricted coverage e.g. only 

POLE exonuclease domain exons 9-14.

Discordant cases will be encountered, as they were in this series. Although far more 

consistent than grade or histotype assignment, there remains the possibility that the 

molecular classifier tool could assign a woman with EC to the inappropriate subgroup, based 

on analysis of the biopsy. Importantly, incorrect assignment appears to be very unlikely in 

the subgroup with the worst outcomes (p53 abn), suggesting we are unlikely to miss 

someone who may need more comprehensive surgery and additional chemotherapy and/or 

radiotherapy. Three of six cases with discordant results in this study can be explained based 

on the use of a tissue microarray as a research tool; in these three cases this resulted in an 

error in MMR assessment in either the diagnostic or hysterectomy specimen and these errors 

were easily resolved through use of whole sections for immunostaining, as would be done in 

routine practice. In two cases there were discrepancies attributable to low frequency POLE 
EDM mutations or possibly low tumor cellularity, resulting in the diagnostic specimen in 

one case and the hysterectomy specimen in the other being considered to have intact POLE. 

It is not clear at the present time what the allelic mutation frequency should serve as a 

threshold for diagnosis of POLE EDM and further work is required to address this important 

issue, but it does not reflect issues related to use of diagnostic compared to hysterectomy 

specimens. In a single case there was failure to sample a dedifferentiated component of a 

tumor in the biopsy, a rare EC variant associated with mutations in chromatin remodelling 

genes and frequent MMR protein [34, 35]. In theory, mixed carcinomas may also pose a 

challenge to classify using ProMiSE, however, truly biologically mixed tumors are 

exceptionally rare [36] and most cases diagnosed as mixed carcinoma are actually due to 

morphologic ambiguity rather than admixtures of molecularly distinct clones [37].

With regards to the order of testing, we ultimately decided that MMR testing first made 

sense as we believed this information would prompt early referral to the hereditary cancer 
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program for testing for Lynch syndrome and information from that test may impact on the 

patient's decision regarding management e.g. foregoing a trial of medical therapy with high 

dose progesterone. An outstanding question is how to handle cases that are positive for more 

than one of the classifiers. This is particularly important for tumors with POLE EDM or 

MMR-D and p53 abn. Such ‘double feature’ cases only account for 3-4% of EC, and based 

on available information the POLE EDM or MMR-D appears to be more important than p53 

abn when both are present [11, 38-40], more cases need to be evaluated to confirm this.

Weaknesses in this series included using tissue microarrays rather than whole sections and 

possible compromise of quality of DNA extracted from archival cases (two cases from over 

15 years ago, majority within last 10 years). As for any biomarker done on small samples, 

care must be taken to ensure that there is sufficient tumor-derived DNA before proceeding to 

testing. In cases where there are any concerns about DNA sample quality based on the 

biopsy, testing should be repeated on the definitive surgical specimen. Both of these 

problems would be expected to decrease reproducibility of the classifier, if they had any 

effect. We did not have a large number of non-serous/non-endometrioid cases; such tumors 

are rare and an example is the dedifferentiated carcinoma (case 5 in Table 3). It remains to 

be seen whether ProMisE can be applied to these tumors, or whether they should be 

recognized as distinct diseases. Further interrogation of uncommon EC histotypes is needed.

We look forward to an era of consistent molecular subclassification of EC, stratifying future 

clinical trials by molecular subgroups to provide earlier and more reliable prognostic 

information to patients and their physicians. We will need to determine how best to 

incorporate molecular tools with current practice, focusing on information we have from the 

time of diagnosis (e.g. grade but not stage, and patient phenotype; age, BMI). There may be 

additional clinical or molecular parameters that enable us to further discern differences in 

outcomes within these molecular subgroups, and we anticipate more and more personalized 

approaches to EC research and management. We are emboldened by the demonstration of 

this tool's utility on diagnostic endometrial samples obtained prior to surgical staging, 

expanding the potential clinical impact of this tool.
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Highlights

• Molecular classification can be performed on diagnostic endometrial 

specimens and is highly concordant with hysterectomy.

• Biologically relevant information from time of diagnosis can inform treatment 

decisions, stratify trials, and direct women to hereditary counselling.

• Molecular classification of endometrial cancers offers reproducible 

categorization and has been demonstrated to identify distinct prognostic 

subgroups
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Figure 1. 
New endometrial cancer samples are tested and categorized according to the above steps; 1st 

immunohistochemistry (IHC) for the presence of mismatch repair proteins (MLH1, MSH2, 

MSH6, PMS2) where cases with loss of protein expression classified as MMR deficient 

(MMR-D). Second, sequencing for the presence of POLE exonuclease domain mutations 

(POLE EDM). Third, IHC for p53 to distinguish normal expression (IHC score 1) associated 

with wild type (p53 wt) from null/loss of function mutations (IHC score 0) or missense/gain 

of function mutations (IHC 2) grouped together as p53 abn.
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Figure 2. 
Histopathologic features of endometrial carcinoma with discrepant mismatch repair protein 

results on endometrial sampling and hysterectomy. The endometrial sampling consists of 

only low-grade endometrioid adenocarcinoma (A). On the hysterectomy, the superficial 

portion of the tumor contains the low-grade endometrioid adenocarcinoma while the deeper 

portion is higher grade with solid architecture (B). In the solid areas, the nuclei are enlarged, 

irregular and the cells are mildly discohesive; peritumoral lymphocytes are also present at 

the leading edge of the tumor (C). Immunohistochemical staining for MLH1 shows retained 

staining in the low-grade glandular component and loss of staining in the high-grade solid 

component (D).
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Table 2b

Comparison of overall concordance statistics (with 95% confidence intervals) based on ProMisE molecular 

classification of diagnostic samples and post-staging samples.

Overall Concordance Statistics

Overall Accuracy 0.89 (0.78-0.96)

Cohen's kappa 0.86 (0.72-0.93)

No Information Rate (NIR) 0.39

P-Value (Accuracy> NIR) 0
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Table 4b

Comparison of overall concordance statistics (with 95% confidence intervals) based on histotype assessment 

(using simplified categories) of diagnostic samples and post-staging samples from original pathology reports.

Overall Concordance Statistics

Overall Accuracy 0.75 (0.62-0.86)

Cohen's kappa† 0.44 (0.23-0.65)

No Information Rate (NIR) 0.77

P-Value (Accuracy> NIR) 0.69

†
Please note kappa must be interpreted with caution due to symmetrical imbalance of row and column marginals in table 4a.

Gynecol Oncol. Author manuscript; available in PMC 2017 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Talhouk et al. Page 26

Ta
b

le
 4

c

C
om

pa
ri

so
n 

of
 g

ra
de

 a
ss

es
sm

en
t o

f 
di

ag
no

st
ic

 s
am

pl
es

 (
ro

w
s)

 a
nd

 p
os

t-
st

ag
in

g 
sa

m
pl

es
 (

co
lu

m
ns

) 
fr

om
 o

ri
gi

na
l p

at
ho

lo
gy

 r
ep

or
ts

.

Po
st

-s
ta

gi
ng

 S
am

pl
es

G
ra

de
 1

G
ra

de
 2

G
ra

de
 3

To
ta

l

D
ia

gn
os

ti
c 

Sa
m

pl
es

G
ra

de
 1

12
9

2
23

G
ra

de
 2

3
7

1
11

G
ra

de
 3

1
1

21
23

To
ta

l
16

17
24

57

Gynecol Oncol. Author manuscript; available in PMC 2017 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Talhouk et al. Page 27

Table 4d

Comparison of overall concordance statistics (with 95% confidence intervals) based on assessment of grade of 

diagnostic samples and post-staging samples from original pathology reports.

Overall Concordance Statistics

Overall Accuracy 0.7 (0.57-0.82)

Weighted kappa 0.7 (0.5-0.83)

No Information Rate (NIR) 0.42

P-Value (Accuracy> NIR) 0
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