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ABSTRACT

Background

Pre-operative risk stratification based on endometrial sampling determines the extent of surgery for 

endometrial cancer (EC). We investigated the concordance of pre- and post-operative risk stratifica-

tions and the impact of discordance on survival.

Methods

Patients diagnosed with EC within the first 6 months of the years 2005-2014 were selected from the 

Netherlands Cancer Registry (N=7875). Pre- and post-operative risk stratifications were determined 

based on grade and/or histological subtype for 3784 eligible patients.

Results

A discordant risk stratification was found in 10% of patients: 4% (N=155) had high pre- and low 

post-operative risk and 6% (N=215) had low pre- and high post-operative risk. Overall survival of 

patients with high pre- and low post-operative risk was less favorable compared to those with a 

concordant low risk (80% versus 89%, p=0.002). This difference remained significant when correcting 

for age, stage,  surgical staging and adjuvant therapy (HR 1.80, 95%CI 1.28-2.53, p=0.001). Survival of 

patients with low pre- and high post-operative risk did not differ from those with a concordant high 

risk (64% versus 62%, p=0.295).

Conclusion

Patients with high pre- and low post-operative risk have a less favorable prognosis compared to 

patients with a concordant low risk. Pre-operative risk stratifications contain independent prognostic 

information and should be incorporated in clinical decision-making.
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INTRODUCTION

Endometrial cancer is the most common gynecologic malignancy in developed countries, affecting 

approximately 1 in 37 women (1). Standard treatment for patients with low risk endometrial cancer 

typically consists of hysterectomy and bilateral salpingo-oophorectomy. In patients with high risk 

disease, lymphadenectomy or complete surgical staging and adjuvant therapy is recommended. 

Adjuvant therapy usually involves vaginal brachytherapy or external beam radiotherapy, sometimes 

with chemotherapy. Factors that are used to stratify patients into risk groups are histological subtype, 

grade, stage and lymph vascular space invasion (LVSI) (2–7).

To guide the choice of surgical treatment and extent of surgical staging, accurate pre-operative 

stratification of patients into low- and high risk groups is essential. In case of clinical early stage dis-

ease, pre-operative risk stratification is based on pre-operative endometrial samples, obtained by 

micro-curettage or curettage. The post-operative risk stratification is used to guide adjuvant therapy, 

and is based on the histological examination of tissue removed during surgery. Importantly, the 

post-operative risk stratification is currently viewed as the gold standard.

Discordance between pre-operative and post-operative risk stratification may result in over- or under 

treatment and may ultimately effect survival. In a high risk endometrial cancer cohort studied by Di 

Cello et al, failure to recognize high risk disease pre-operatively resulted in less favorable survival out-

comes compared to patients that were adequately stratified (8). On the other hand, the prospective 

MoMaTEC trial demonstrated that patients with discordant risk stratification had an intermediate 

prognosis compared to patients with concordant low or high risk stratifications (9). Studies based 

on larger patient cohorts are needed to clarify the effect of discordant risk stratification on survival 

of endometrial cancer patients.

We aimed to investigate the concordance of pre-operative and post-operative risk stratifications in 

a large, unselected, population-based cohort, and to evaluate whether discordant risk stratification 

influences prognosis.



80

Chapter 5

METHODS

Data collection

Data from all consecutive patients diagnosed with endometrial cancer between January 1st and July 

1st of every year within the period 2005-2014 were retrospectively retrieved from the Netherlands 

Cancer Registry (NCR). The NCR contains data from all patients diagnosed with cancer in the Nether-

lands from 1989 onwards. Newly diagnosed patients are entered into the NCR following automated 

notifications from the Dutch Pathology Network (PALGA). PALGA contains the pathology assessments 

from all of the national pathology departments. It was established in 1971, and plays an important 

role in facilitating epidemiological research in the Netherlands. Within the NCR, information on vital 

status is obtained by annual linkage to the Municipal Personal Records Database and was available 

up to February 1st 2016.

Patients that were selected from the NCR were matched with pathology assessments in PALGA. All 

pathology assessments that were available within 6 months before and 6 months after surgery were 

retrieved. Pathology assessments from tissue specimens taken outside of that period were consid-

ered irrelevant for this study.

Risk stratification

Pre-operative risk stratification was determined from the available pathology assessments retrieved 

from PALGA. Post-operative risk stratification was determined from the available data in the NCR, 

which are based on the final pathology assessments of hysterectomy specimens. Patients were 

considered low risk if histology showed grade 1 or 2 endometrioid adenocarcinoma, grade 1 or 2 

adenocarcinoma not otherwise specified (NOS) or grade 1 or 2 mucinous adenocarcinoma. Patients 

were considered high risk if histology showed grade 3 adenocarcinoma (endometrioid, NOS, muci-

nous) or clear cell, serous or carcinosarcoma histology. Tumour types registered as ‘other’ included 

squamous-cell carcinomas, adenosquamous carcinomas and pseudosarcomatous carcinomas that 

were not further specified.  As survival of this group resembled that of endometrioid tumors, they 

were considered low risk when grade 1 or 2, and high risk when grade 3 (data not shown).

Outcomes

Concordance of pre- and post-operative risk stratification and overall survival were defined as primary 

outcomes.

Data analysis

Differences between pre-operative and post-operative concordance groups were determined by Chi2 

test or Fisher’s Exact test. In case of continuous variables a Kruskal-Wallis followed by Mann-Whitney 

U test was used. Overall survival was used as primary survival outcome measure, and estimated using 

Kaplan Meier analyses. Overall survival was calculated from date of histological diagnosis to date of 
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last follow up or date of death. To correct for possible confounders (age, stage, surgical staging and 

adjuvant therapy), multivariable survival analysis was performed using Cox regression. As no informa-

tion was available regarding the exact surgical procedures that were performed, surgical staging was 

defined as removal of at least one lymph node during surgery.  Within the Cox regression analyses 

no correction was applied for tumour type and grade due to co-linearity between these variables and 

risk stratification. Differences were considered statistically significant at p<0.05. Data analysis was 

performed using SPSS data analysis and statistical software version 22.0 (SPSS Inc. Chicago, IL, USA).
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RESULTS

Patient selection and characteristics

Data from 7875 patients diagnosed with endometrial cancer between January 1st and July 1st 2005-

2014 were retrieved from the NCR. In total, 4191 patients were excluded from analysis (Figure 1).  

Six-hundred and twenty patients were excluded from analysis as they did not undergo surgery and 

the post-operative risk stratification could therefore not be determined. A further 1724 patients 

were excluded because no pathology assessment of the pre-operative endometrial sample was 

available in PALGA, and 77 patients were excluded because the available pre-operative sample was 

obtained more than 6 months prior to surgery. Of the remaining 5454 patients, 1770 were excluded 

from analysis due to missing data which were needed to determine risk stratification in pre- and/

or post-operative samples or because the pre-operative sample was registered as non-malignant.

Figure 1. Flowchart demonstrating which patients were eligible for analysis

Patients diagnosed with endometrial cancer 
January-June 2005-2014
N= 7875 

No surgery
N=620

Surgery 
N=7255

No preoperative endometrial sampling available
N=1724

Preoperative sample available
N=5531

Preoperative sample >6 months
before surgery
N=77

Preoperative sample within
6 months before surgery
N=5454

No riskclassification due to missing data 
N=1770

1483x missing preoperative riskclassification 
70x no malignancy described preoperatively
73x missing postoperative riskclassification 
144x missing pre- and postoperative riskclassification 

Patients eligible for analysis
N=3684

In total, 3684 patients were included in the current study. These patients were most frequently 

diagnosed as FIGO stage I (80%), endometrioid type (79%) and grade 1 (41%) disease (table 1). The 

majority of patients (83%) did not undergo surgical staging.  No adjuvant therapy was administered 

in 61% of patients, whereas 13% received vaginal brachytherapy (VBT), 21% received external beam 

radiotherapy (EBRT), 2% received radio-chemotherapy and 3% received chemotherapy alone.
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Table 1. Clinicopathologic characteristics of selected patients

N = 3684

N %

Age at diagnosis (years)

     Mean (range) 67 (27-94)

FIGO Stage

     I 2949 80

     II 303 8

     III 313 9

     IV 112 3

     Unknown 7 0

Postoperative tumor type

     Endometrioid 2923 80

     Serous     219 6

     Clearcell 76 2

     Adenocarcinoma NOS 260 7

     Mucinous 16 0

     Carcinosarcoma 173 5

     Other 17 0

Postoperative grade

     1 1493 41

     2 1154 31

     3 1037 28

Surgical staging

     No 3049 83

     Yes 635 17

Adjuvant therapy     

     None     2263 61

     VBT 474 13

     EBRT 764 21

     Radio + chemotherapy 62 2

     Chemotherapy 120 3

     Hormone therapy 1 0

NOS: not otherwise specified; VBT: vaginal brachytherapy; EBRT: 

external beam radiotherapy.
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Concordance of pre- and post-operative risk stratification

We assessed the concordance between pre-operative and post-operative risk stratification of the 

3684 patients that were eligible for analysis (Figure 2). Concordant risk stratification was found in 

3314 patients (90%). Of these concordant tumour samples, 2491 (75%) were considered to be low 

risk and 823 (25%) were considered to be high risk. In total 370 (10%) patients were identified with 

discordant risk stratification. One-hundred and fifty-five (4%) were stratified as high risk pre-opera-

tively and low risk post-operatively, and 215 (6%) were stratified as low risk pre-operatively and high 

risk post-operatively.

Figure 2. Concordance of pre-operative and post-operative risk stratifications
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Survival of patients with discordant and concordant risk stratifications

Kaplan-Meier survival analyses were performed to evaluate whether discordant risk stratification 

influenced survival outcomes (Figure 3). Median follow up of all patients was 48 months. Patients with 

a low pre-operative risk stratification had favorable survival outcomes compared to patients with a 

high pre-operative risk stratification, (p<0.001, Figure 3A). Likewise, patients with a low post-operative 

risk stratification had favorable survival outcomes compared to patients with a high post-operative 

risk stratification (p<0.001, Figure 3B).

When combining pre- and post-operative risk stratifications, the post-operative results better strat-

ified into good and poorer survival (Figure 3C). Less favorable overall survival was seen in patients 

with a pre-operative high and post-operative low risk compared to patients with a concordant low 

risk (p=0.002). No difference in survival was found between patients with a low pre-operative and high 

post-operative risk, and patients with a concordant high risk (p=0.295). Five-year overall survival was 

89% in patients with a concordant low risk, 80% in patients with preoperative high and postoperative 

low risk, 64% in patients with preoperative low and postoperative high risk and 62% in patients with 

a concordant high risk.

Multivariable cox survival analysis demonstrated an independent prognostic value of risk stratifica-

tion when correcting for age, FIGO stage, surgical staging (defined as removal of one lymph node 

during surgery) and adjuvant therapy (table 2). Compared to patients with a concordant low risk, 
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less favorable survival was found in patients with a high pre-operative and low post-operative risk 

(HR 1.80, 95% CI 1.28-2.52, p= 0.001), patients with a low pre-operative and high post-operative risk 

(HR 2.40, 95% CI 1.87-3.08, p<0.001) and patients with a concordant high risk (HR 2.91, 95% CI 2.46-

3.45, p<0.001). Multivariable analysis in which surgical staging was defined as removal of at least 10 

lymph nodes during surgery confirmed the presence of unfavorable survival in the pre-operative 

high post-operative low risk group compared to the concordant low risk group (HR 1.766, 95% CI 

1.256-2.481, p<0.001, data not shown).

Figure 3. Kaplan Meier survival curves according to risk stratification. 
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Table 2. Univariable and multivariable cox-regression analysis for overall survival

Univariable analyses Multivariable analyses

HR 95% CI p-value HR 95% CI p-value

Age 1.066 1.059-1.074 <0.001 1.061 1.054-1.069 <0.001

Risk classification

Concordant low ref ref ref ref ref ref

High preoperative, low postoperative 1.686 1.202-2.364 0.002 1.797 1.278-2.527 0.001

Low preoperative, high postoperative 3.324 2.618-4.219 <0.001 2.397 1.869-3.074 <0.001

Concordant high 3.742 3.233-4.331 <0.001 2.913 2.459-3.452 <0.001

Postoperative tumor type

Endometrioid ref ref ref

Serous 3.783 3.066-4.668 <0.001

Clearcell 2.595 1.796-3.750 <0.001

Adenocarcinoma NOS 1.156 0.895-1.494 0.267

Mucinous 0.305 0.043-2.166 0.235

Carcinosarcoma 4.598 3.702-5.710 <0.001

Other 1.651 0.738-3.691 0.222

Postoperative grade

1 ref ref ref

2 1.578 1.297-1.919 <0.001

3 4.416 3.713-5.254 <0.001

FIGO stage

I ref ref ref ref ref ref

II 2.209 1.792-2.723 <0.001 1.978 1.582-2.474 <0.001

III 4.577 3.838-5.460 <0.001 4.268 3.469-5.250 <0.001

IV 8.146 6.383-10.396 <0.001 5.121 3.907-6.711 <0.001

Surgical staging

No ref ref ref ref ref ref

Yes 1.461 1.241-1.721 <0.001 0.653 0.541-0.789 <0.001

Adjuvant therapy

None ref ref ref ref ref ref

VBT 1.059 0.831-1.349 0.645 0.863 0.676-1.102 0.238

EBRT 1.830 1.567-2.137 <0.001 0.841 0.706-1.001 0.051

Radio + chemotherapy 2.054 1.296-3.254 0.002 0.825 0.509-1.337 0.435

Chemotherapy 5.852 4.538-7.546 <0.001 1.371 1.016-1.850 0.039

Hormone therapy 0.001 0.000-0.000 0.919 0.000 0.000-0.000 0.923

NOS: not otherwise specified; VBT: vaginal brachytherapy; EBRT: external beam radiotherapy; HR: hazard risk; CI: 
confidence interval; ref: reference category.
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Table 3. Comparison of clinicopathologic characteristics of patients included in analyses and 
patients excluded due to missing pre- and/or post-operative risk classifications

Included in analysis

Excluded from analysis due 

to missing risk stratification

N = 3684 N = 1770

N % N % p-value

Age at diagnosis (years)

Mean (range) 67 (27-94) 67 (34-96) 0.933

FIGO Stage

I 2949 80 1466 82.8 0.039

II 303 8 136 7.7

III 313 9 123 6.9

IV 112 3 39 2.2

Unknown 7 0 6 0.3

Postoperative tumor type

Endometrioid 2923 79 1452 82 <0.001

Serous 219 6 37 2

Clearcell 76 2 11 1

Adenocarcinoma NOS 260 7 190 11

Mucinous 16 0 16 1

Carcinosarcoma 173 5 38 2

Other 17 1 22 1

Missing 0 0 4 0

Postoperative grade

1 1493 41 830 47 <0.001

2 1154 31 455 26

3 1037 28 260 15

Missing 0 0 225 12

Surgical staging

No 3049 83 1601 90 <0.001

Yes 635 17 169 10

Adjuvant therapy

None 2263 61 1147 65 0.001

VBT 474 13 204 11

EBRT 764 21 372 21

Radio + chemotherapy 62 2 18 1

Chemotherapy 120 3 29 2

Hormone therapy 1 0 0 0

NOS: not otherwise specified; VBT: vaginal brachytherapy; EBRT: external beam radiotherapy.
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Characteristics and survival of patients with missing pre- and/or post-operative risk stratification

The unexpectedly large number of patients excluded from analysis due to missing pre- and/or 

post-operative risk stratifications prompted us to investigate the clinicopathological characteristics 

and survival of these patients. Compared to the 3684 patients that were included in our analyses, the 

1770 patients excluded due to missing data, were more frequently diagnosed with low risk disease 

and were therefore less likely to receive surgical staging and adjuvant therapy (Table 3).
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DISCUSSION

To our knowledge, this is the largest population based study focusing on concordance of pre- and 

post-operative risk stratifications based on the histological type and grade of endometrial cancer.  

A 10% discordance was determined in pre- and post-operative risk stratifications of 3684 patients 

diagnosed with endometrial cancer.. Less favorable overall survival was seen in patients with pre-op-

erative high and post-operative low risk stratification compared to those with concordant low risk 

stratification.

In previous studies concordance of pre- and post-operative risk stratifications rates ranged from 

58-84%, therefore the 90% concordance demonstrated within this study is relatively high (8–11). 

Werner et al demonstrated a 84% concordance between pre- and post-operative risk stratifications(9). 

In their study, based on prospectively collected data of 1288 patients, 30% of patients were post-oper-

atively stratified as having high risk disease. This is in line with our data, in which 28% of patients were 

post-operatively stratified as having high risk disease. Interestingly, Werner et al reported that within 

the group of patients with discordant risk stratification, 73% were upgraded from low risk to high risk 

after assessment of the post-operative sample, whereas within the current study this group com-

prised only 58% of the patients with discordant risk stratification (6 % of the total study population).

As the pre-operative risk stratification is used to guide the extent of surgical treatment, incorrect risk 

stratification may lead to under- or over treatment and may therefore influence survival outcomes. 

The consequence of not recognizing high risk disease pre-operatively is subject of debate. One study, 

based on 109 patients, demonstrated that failure to identify high risk endometrial cancer patients 

in the pre-operative setting seemed to result in unfavorable survival outcomes due to suboptimal 

surgical staging (8). Conversely, another study, based on 1374 patients, concluded that failure to 

recognize high risk disease pre-operatively was associated with a 17% increase in disease specific 

survival, a finding which may suggest the presence of tumour heterogeneity (9). Our analyses, based 

on a much larger cohort, failed to show any change in survival in high risk endometrial cancer patients 

with discordant pre-operative risk stratification. If our multivariable analysis is re-run without correct-

ing for adjuvant therapy, no difference in survival is demonstrated in our cohort. The lack of survival 

impact of adjuvant therapy in this multivariable model confirms the lack of survival benefit attained 

by administration of adjuvant therapy in high risk endometrial cancer patients, as shown in various 

landmark studies regarding this topic(7,12,13). The overlapping survival outcomes of patients with 

pre-operative low, post-operative high risk and patients with concordant high risk within our study 

may be the result of two factors with opposing survival impact: improved survival outcomes due to the 

presence of tumour heterogeneity (as  previously proposed by Werner et al(9)), and reduced survival 

outcomes due to surgical under treatment of patients with low pre-operative, high post-operative risk 

(as previously proposed by di Cello et al(8)). Indeed, within the current retrospective study patients 

with low pre-operative, high post-operative risk were often not surgically staged (table 4) and surgical 



90

Chapter 5

staging was associated with favorable survival outcomes in multivariable analysis (HR 0.653, 95% CI 

0.541-0.789, p<0.001, table 2). Prospective trials are warranted to elucidate the potential therapeutic 

effect of surgical staging in high risk endometrial cancer.

The effects of pre-operatively not recognizing low risk disease are less controversial. Both the study 

by Werner et al and our study clearly demonstrate less favorable survival outcomes for patients with 

low risk endometrial cancer that were pre-operatively stratified as high risk compared to patients with 

a concordant low risk (9). These data suggest the presence of tumour heterogeneity and/or mixed 

morphologic characteristics, which has previously been demonstrated in 5% or more of endome-

trial tumors (14,15). The presence of minor serous or clear cell components (threshold of 5%) has 

been shown to adversely affect survival outcomes. Therefore, the presence of tumors with a mixed 

histology may provide a plausible explanation for the less favorable survival of patients with a high 

pre-operative and low post-operative risk stratification within the current study (16).  In line with this, 

our data suggest that patients with a high pre-operative and low post-operative risk classification may 

require additional therapy to ensure local control of disease, as has been demonstrated in patients 

with high-intermediate and high risk disease (7,17). Collectively, our data suggest that the pre-oper-

ative risk stratification comprises independent prognostic information which should be integrated 

into clinical decision-making.

A strategy to further improve the pre-operative risk classification, and potentially overcome the prob-

lems associated with endometrial sampling of heterogenic/mixed tumors, may be to incorporate 

molecular alterations into clinical decision making, as recently reviewed by Bendifallah et al(18). This 

strategy is already in use for breast cancer and ovarian cancer (19,20). Indeed, molecular alterations 

in pre-operative endometrial samples have been shown to predict the alterations in post-operative 

samples with a concordance of 88% for immunohistochemical and 99% for DNA techniques (21). 

In the specific case of endometrial cancer, four molecular subtypes have been identified by the 

Cancer Genome Atlas Network: POLE-ultramutated, microsatellite unstable-hypermutated (MSI-H), 

p53-mutant and those with no specific molecular profile (NSMP) (22). Clinically applicable molecular 

classification strategies using formalin-fixed paraffin embedded specimens have been devised by 

groups in Canada and the Netherlands (23,24). The Canadian group has previously demonstrated a 

concordance of 89% between classification of pre-operative and post-operative samples using the 

Proactive Molecular Risk classification tool for Endometrial cancers (PROMISE), which is in agreement 

with the 90% concordance seen within the current study (25). Furthermore, a recent publication of 

the Canadian group demonstrated improved stratification of patients according to clinical outcomes 

by ProMisE compared to traditional stratification by clinicopathologic factors(26).  Moreover, the 

Dutch group evaluated a strategy in which molecular alterations were combined with established 

clinicopathologic factors (lymph vascular space invasion, L1CAM expression and CTNNB1 mutation), 

which resulted in an improved post-operative risk assessment compared to pathology assessment, 

centralized pathology review or molecular classification alone (27).
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Table 4. Patient characteristics of patients in the four pre- and post-operative combined risk 
groups.

Low-Low High-Low Low-High High-High

N = 2491 N = 155 N = 215 N = 823

N % N % N % N %

Age at diagnosis (years)

Mean (range) 66 (27-93) 67 (43-89) 68 (30-93) 69 (42-94)

FIGO Stage

I 2183 88 125 80 131 61 510 62

II 171 7 15 10 29 13 88 11

III 105 4 12 8 42 20 154 19

IV 27 1 3 2 13 6 69 8

Unknown 5 0 0 0 0 0 2 0

Postoperative tumor type

Endometrioid 2307 93 135 87 150 70 331 40

Serous 0 0 0 0 26 12 193 24

Clearcell 0 0 0 0 6 3 70 9

Adenocarcinoma NOS 167 7 18 12 13 6 62 7

Mucinous 13 0 2 1 1 0 0 0

Carcinosarcoma 0 0 0 0 17 8 156 19

Other 4 0 0 0 2 1 11 1

Postoperative grade

1 1447 58 46 30 0 0 0 0

2 1044 42 109 70 0 0 0 0

3 0 0 0 0 215 100 823 100

Surgical staging

No 2338 94 114 74 163 76 434 53

Yes 153 6 41 26 52 24 389 47

Adjuvant therapy

None 1806 73 101 65 73 34 283 35

VBT 313 13 21 14 30 14 110 13

EBRT 350 14 33 21 86 40 295 36

Radio + chemotherapy 12 0 0 0 8 4 42 5

Chemotherapy 10 0 0 0 18 8 92 11

Hormone therapy 0 0 0 0 0 0 1 0

NOS: not otherwise specified; VBT: vaginal brachytherapy; EBRT: external beam radiotherapy.
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Inevitably, the retrospective design of the current study has some limitations. First of all, this study is 

based on data from the Netherlands Cancer Registry (NCR) and the Dutch Pathology Network (PALGA). 

We thus depend heavily on the quality and availability of data within these two registries. Due to the 

absence of information on recurrences no progression free survival or disease free survival analyses 

could be performed. Secondly, the retrospective nature of the current study, in combination with the 

anonymous nature of the data available in the NCR and PALGA, impeded the recovery of missing data 

. As myometrial invasion and lymph vascular invasion were not reliably available pre-operatively, we 

did not include these factors into the risk stratification. Furthermore, the presence of missing data 

unfortunately led to the exclusion of a large number of patients from our analyses. Lastly, as the 

NCR does not register the presence of comorbidities, it was not possible to correct for this possible 

confounder in the multivariable analysis. As an estimation for cause-specific survival, a relative survival 

analysis was performed according to the Ederer II method (data not shown). This analysis did not show 

any differences between 5-year relative survival outcomes and 5-year overall survival outcomes of the 

four risk groups. The possibility that comorbidities confounded our results is thus deemed unlikely.

In conclusion, within this population based analysis a 90% concordance was demonstrated between 

pre-operative and post-operative risk stratifications. Less favorable survival was demonstrated in 

patients with a pre-operative high and post-operative clinicopathologic low risk compared to patients 

with concordant low risk. Our data underline the independent prognostic information provided by 

the pre-operative sample, which should be incorporated into clinical decision-making.
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