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General introduction

GENERAL INTRODUCTION

Endometrial carcinoma
Endometrial carcinoma is the fourth most common malignancy in women and most
common gynecological cancer in developed countries with an incidence of 15 / 100,000.1
In the Netherlands around 2000 women are diagnosed with endometrial carcinoma each
year and the incidence is rising.2 This increase is attributed to increased life expectancy
and increasing prevalence of obesity, which are important risk factors for endometrial
carcinomas.3, 4 Although the outcome in patients with endometrial carcinoma is in general
good, death rates rise by about 2% per year, and around 500 women die of endometrial
carcinoma in the Netherlands per year. 2, 4

Clinical presentation and diagnostic work-up
Most women with endometrial carcinoma present with postmenopausal bleeding.
Therefore measurement of the endometrial thickness by transvaginal ultrasound is advocated
in all postmenopausal women with vaginal blood loss.5 Subsequent endometrial sampling
is advised in women with an endometrial thickness >4 mm.5

Dualistic classification of endometrial carcinomas
In 1983 two types of endometrial carcinoma were described by Bokhman based on
observations of clinical behavior and histopathological characteristics.6 Type I tumors are
associated with unopposed estrogen stimulation caused by endogenous hormones,
such as in early menarche, late age of menopause, nulliparity, and obesity, and exogenous
hormones. This type of endometrial carcinoma shows endometrioid histology with
hyperplastic endometrium in the background. In general, type I carcinomas have a good
prognosis. Type II tumors are more independent of estrogen stimulation and show
non-endometrioid histology with adjacent atrophic endometrium. Type II carcinomas
have overall a poor prognosis. Since grade 3 endometrioid endometrial carcinomas (EEC)
have a comparable outcome with non-endometrioid endometrial carcinomas (NEEC),
these carcinomas are often regarded as type II carcinomas.7-13 Women diagnosed with
type II carcinoma have a higher age at diagnosis than women with type I carcinoma,
median age at diagnosis respectively 70 and 66 year.14 The increase in mortality in patients
with endometrial carcinoma might be explained by the increasing incidence of type I
carcinomas, and by the decrease in survival in type II carcinomas.3, 15
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Histological classification of endometrial carcinoma
According to the WHO Classification of Gynecological Tumors, endometrial carcinomas
are classified into endometrioid, mucinous, serous, clear cell, mixed, undifferentiated and
dedifferentiated carcinomas.16 EECs account for 80% of all endometrial carcinomas.17
Mixed carcinomas are composed of two or more histological types, at least one of which
is of the non-endometrioid category with a minimum of at least 5% for the second
component.16
EECs are primarily graded based on the amount of solid (not squamous) growth, as shown
in Figure 1. If the tumor shows grade 3 nuclei in more than 50% of the tumor, the tumor
grade is upgraded by one grade. Grade 3 nuclei are large, pleomorphic nuclei, with coarse
chromatin, and large irregular nucleoli.18 Serous and clear cell carcinomas are considered
high-grade (grade 3) per definition.

Grade 1
≤5% solid growth

Grade 2
6-50% solid growth

Grade 3
>50% solid growth

Figure 1 Grading of endometrial carcinoma.

Immunohistochemical and molecular classification of
endometrial carcinomas
Traditionally, endometrial carcinomas are classified according to their morphological
characteristics. Nowadays more is known about the immunohistochemical and molecular
characteristics of the different entities. EEC are characterized by expression of estrogen
receptor (ER) and progesterone receptor (PR), microsatellite instability (MSI), and mutations
in PTEN, KRAS, PIK3CA, ARID1A and PIK3R1 genes.19-26 NEEC show loss of ER and PR and have
frequent mutations in TP53, PIK3CA and PPP2R1.27-30 Table 1 summarizes the main immunohistochemical and molecular characteristics of EEC and NEEC.
However, the traditional classification of endometrial carcinomas into EEC and NEEC does
not take into account that there is substantial difference in biological, pathological, and
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Table 1 Immunohistochemical and molecular characteristics of different types of
endometrial carcinoma.
Histological type
Histological grade

Endometrioid
Low

Endometrioid
High

Non-endometrioid
High

ER/PR expression25, 31

+

+/-

-/+

P5320, 32, 33

Wild-type

Wild-type/aberrant Aberrant

Ki-6734-36

Low

High

L1CAM37-41

-

-/+

+

MMR loss42, 43

-/+

-/+

-

IHC markers

High

Molecular markers
PTEN mutation19, 23, 44-46

+

+

-

KRAS mutation20, 45, 47

+

+/-

-

PIK3CA mutation22, 44-46, 48

+/-

+/-

+/-

CTBNN1 mutation46, 49

+/-

+/-

-

TP53 mutation20, 44, 46

-

+/-

+

ERBB2 amplification50-52

-

-/+

+/-

IHC, immunohistochemical.

molecular characteristics within tumors in these two types. Some high-grade EEC show
characteristics that have more similarities with NEEC than EEC, such as loss of ER and PR
expression.11 On the other side, not all serous carcinomas show overexpression of p53.20
In 2013, The Cancer Genome Atlas (TCGA) Research Network presented a new classification
of endometrial carcinomas, exclusively based on molecular characteristics.30 Endometrial
carcinomas were divided into four molecular subtypes: POLE mutated tumors (ultramutated), microsatellite instable tumors (hypermutated) and copy-number low and
copy-number high tumors.30

Clinical management of endometrial carcinoma
Staging
Endometrial carcinoma are staged according to the International Federation of Gynecology
and Obstetrics (FIGO) 2009 classification (Figure 2).53

Treatment
Primary surgical treatment in endometrial carcinoma patients is based on preoperative
risk classification. In preoperative low-grade (grade 1-2) endometrial carcinoma with only
superficial myometrial invasion (<50%), a hysterectomy including a bilateral salpingo-
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Figure 2 FIGO 2009 Staging System.
*IIIC1: involvement of pelvic nodes; IIIC2: involvement of para-aortic nodes (with or without pelvic
nodes); **IVA: invasion of bladder and/or bowel mucosa.

oophorectomy is recommended.54, 55 In these patients routine lymphadenectomy has
shown no clinical benefit.56, 57 In patients with high-grade or clinically advanced stage
endometrial carcinoma, more extensive surgery is indicated.54, 55 Dependent on the final
histological characteristics adjuvant radiotherapy can be considered to improve local
control.58-61 The role of adjuvant chemotherapy, with or without radiation therapy, in
patients with high-risk and advanced stage disease, is still under debate.13, 62, 63

Prognosis
Since endometrial carcinoma is often diagnosed in an early stage, the survival is good
with an overall five-year relative survival rate of 82%.4 The majority of patients (67%),
present with tumor confined to the uterus (FIGO stage I or II) and have in general an
excellent prognosis with a five-year relative survival rate of 95%.4 This survival rate
decreases with increasing stage. Patients with regional disease spread have a five-year
survival rate of 69%, whereas in patients with distant metastases the five-year survival rate
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is only 17%.4 Classification only based on grade is not always a reliable method, since half
of the lymph node metastases is found in patients with low-grade endometrial
carcinoma.28, 64, 65

Challenges in preoperative diagnostic work-up
Insufficient sampling
Preoperative histology can be obtained by office endometrial sampling, hysteroscopic
biopsy or dilatation and curettage (D&C). Although office endometrial sampling after
transvaginal ultrasound is a more cost-effective strategy than direct hysteroscopy, in a
substantial number of patients endometrial sampling fails because of technical failure or
because there is only scant tissue that is insufficient for adequate histopathological
diagnosis.66-73 Several factors, like age, nulliparity and endometrial thickness, can influence
failure of sampling, although results vary per study.69, 71, 72, 74, 75

Accuracy amount of tissue
As endometrial sampling often results in only scant tissue, it is under debate which criteria
should be used to classify an endometrial sampling as conclusive. The diagnostic accuracy
of endometrial sampling is associated with the amount of endometrial tissue on the
slide.76 Based on a study that we have performed including 139 preoperative endometrial
samples, we suggest a cut-off value of at least 35 mm2 endometrial tissue surface to
consider a sample as conclusive.76 In patients with an endometrial thickness >4mm and
endometrial sampling with less than 35 mm2 endometrial tissue the chance of missing
atypical hyperplasia or endometrial carcinoma is 47%.76 Another study proposed 10
endometrial strips as a minimum for adequate samples in postmenopausal women, with
a negative predictive value close to 100%.77 However, in this latter study in 30% of the
patients no second procedure was performed after the initial endometrial sampling and
therefore (premalignant) lesions could have been missed.

Discrepancy between preoperative histology and hysterectomy
In a substantial number of cases there is a discrepancy between diagnosis on preoperative
endometrial sampling and final diagnosis on the hysterectomy specimen, and this
percentage varies from 32% to 97%.78, 79 This discrepancy leads to inadequate preoperative
risk classification and suboptimal treatment. Interestingly, patients with a discordant risk in
preoperative endometrial sampling and hysterectomy represent an intermediate risk
group.80, 81
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Prognostic markers
To determine which patients need lymphadenectomy or adjuvant radio- or chemotherapy,
prognostic models have been developed.13, 54, 55 Classical histopathological criteria for
poor outcome integrated in these prognostic models are: grade 3 tumors, more than 50%
myometrial invasion, lymphovascular space invasion, non-endometrioid histology and
cervical stromal involvement.13 However, most of these criteria can only be evaluated on
hysterectomy specimen and not on preoperative endometrial samples. Therefore these
models cannot be used for preoperative risk classification.

Patient characteristics
Clinical patient characteristics might improve preoperative risk classification. Advanced
age is shown in several studies as an independent poor prognostic factor.82-85 Older
patients present with more advanced stage of disease, aggressive histological findings
and show worse recurrence-free survival (RFS), disease-specific survival (DSS) and overall
survial.82-85 Comorbidity, such as diabetes, cardiovascular disease and previous malignancy,
is associated with worse overall survical.86, 87 There is a different distribution of comorbidities
between type I and II endometrial carcinoma. In patients with type I endometrial
carcinoma diabetes and cerebral vascular disease are more common, whereas second
primary cancers are more common among patients with type II endometrial carcinoma.14
Despite this difference, comorbidity is an important prognostic factor in both type I and II
endometrial carcinoma.14 Although obesity is a risk factor for development of endometrial
carcinoma, literature shows conflicting results regarding the association between BMI and
survival. Whereas some studies show improved survival in obese patients, also called
obesity paradox, others show no difference or decreased survival in obese patients.88, 89
A large meta-analysis by Secord et al. showed a significant increase in mortality in obese
patients.90 Multiple factors could play a role in the increased mortality in obese patients,
such as increased mortality in the general population without cancer with obesity,
technical issues of delivering radiation therapy in obese patients and treatment-related
toxicities.91, 92 Kristensen et al. investigated the association between BMI and survival in
type I and II endometrial carcinomas.93 Only in type II carcinomas obesity was associated
with decreased survival.
Cervical cytology
In women presenting with postmenopausal bleeding, a cervical smear is routinely performed
as part of the diagnostic work-up.5 Results of cervical cytology might contribute to select
patients with high-risk disease. Abnormal cervical cytology is associated with worse RFS
and DSS.94 In patients with EEC, abnormal cervical cytology is associated with cervical
involvement and in serous carcinomas it is associated with extrauterine disease.95
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Immunohistochemical biomarkers
Many immunohistochemical markers have been described to have diagnostic and
prognostic value in endometrial carcinomas.96, 97 Classical and well-studied biomarkers in
endometrial carcinoma are ER, PR and p53.28, 96 Loss of ER and PR, and overexpression of
p53 are associated with aggressive tumors with poor prognosis.28, 44, 96-100 In recent years,
also new prognostic biomarkers are described in endometrial carcinomas. L1 cell adhesion
molecule (L1CAM) for example, has been established as a strong prognostic marker that is
mostly expressed in NEEC and associated with poor outcome. 37, 38, 40, 41, 100-102
Molecular biomarkers
The TCGA molecular classification of endometrial carcinomas identified four subgroups of
endometrial carcinomas: POLE mutated tumors (ultramutated), microsatellite instable
tumors (hypermutated) and copy-number low and copy-number high tumors.30 POLE
mutated tumors showed best prognosis and copy-number high tumors the worst
prognosis. In contrast to the biomarkers described above, histologic tumor grade and
subtype were not incorporated in this classification.
Combination of molecular with immunohistochemical biomarkers
To develop a more widely applicable classification method, other studies have translated
this TCGA classification into a more clinically applicable method by using immunohistochemical markers for p53 and mismatch repair (MMR) proteins and POLE mutation analysis,
also called ProMIsE (Proactive Molecular Risk Classifier for Endometrial Cancer).103-106 The
first step in this ProMIsE classification scheme is immunohistochemistry of the MMR
proteins. In case of intact MMR expression POLE mutation analysis is performed. In POLE
wild-type tumors, finally, p53 immunohistochemistry is performed to differentiate
between p53 wild-type and aberrant tumors.103, 104 Within these four subgroups other
immunohistochemical markers could add prognostic information and help in further
stratifying patients. L1CAM expression was associated with worse outcome in the
subgroup of patients with p53 wild-type and no specific molecular profile according to
the ProMisE criteria, whereas ER and PR were associated with good outcome in this
subgroup.107 Although developed on hysterectomy specimen, further studies show that
this more clinically applicable method of the TCGA classification shows concordant results
on preoperative endometrial samples.106, 108, 109
Despite all these studies on different biomarkers in endometrial carcinomas, still none of
these markers are incorporated in diagnostic work-up and treatment decisions. Further
studies are required to investigate and validate the combination of classical immunohistochemical markers with newer biomarkers such as L1CAM. The discrepancy between
preoperative diagnosis on endometrial sampling and final diagnosis on hysterectomy
specimen warrants improvement of preoperative histological diagnosis. However, there is
still a lack in knowledge on what’s the best preoperative risk classification.
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Aims and outline of the thesis
The aim of this thesis is to improve identification of patients with high-risk endometrial
carcinomas preoperatively. Since primary treatment in endometrial carcinomas is based
on preoperative risk classification we have paid special attention on recognition of
high-risk endometrial carcinomas on preoperative endometrial samples. In chapter 1,
a systematic review of the literature and meta-analysis is performed to assess the
agreement on grade and histologic subtype between preoperative endometrial sampling
and postoperative diagnosis on hysterectomy. In chapter 2 and 3 the diagnostic and
prognostic value of the novel immunohistochemical markers IMP3 and L1CAM is studied
in a large cohort of endometrial carcinomas from the European Network for Individualized
Treatment of Endometrial Cancer (ENITEC). In chapter 4, we focused on a specific high-risk
feature, namely vascular invasion. We analyzed the potential added value of immuno
histochemistry to differentiate between lymphatic (LVI) and blood vessel invasion (BVI) in
endometrial carcinoma and we have investigated whether differentiating between LVI
and BVI could predict metastatic pattern. To investigate the use of tissue microarrays
(TMAs) for biomarkers studies in endometrial carcinoma we conducted the study
described in chapter 5. In this study, the concordance between TMAs of different sizes
and whole slide for 15 different antibodies was investigated and the use of TMAs in
preoperative endometrial samples was studied. In the last chapter, chapter 6, we focused
specifically on preoperative biomarkers. In this part, we studied the discrepancy between
preoperative endometrial sampling and postoperative diagnosis on hysterectomy and
the additional value of systematic assessment of histology by an expert pathologist and
immunohistochemical biomarkers on preoperative histology. Thereby we studied both
classical immunohistochemical biomarkers like ER, PR, p53 and Ki-67 and newer biomarkers
such as IMP3 and L1CAM. We have studied in this chapter if a panel of immunohistochemical
biomarkers could improve prediction of postoperative tumor grade and histologic
subtype on preoperative endometrial samples to improve preoperative risk classification
and propose a panel of biomarkers that can be used in daily practice preoperatively.
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CHAPTER 1

Abstract
Objective
To assess the agreement between preoperative endometrial sampling and final diagnosis
for tumor grade and subtype in patients with endometrial carcinoma.
Data sources
MEDLINE, EMBASE, ClinicalTrials.gov, and the Cochrane library were searched from inception
to January 1, 2017, for studies that compared tumor grade and histologic subtype in
preoperative endometrial samples and hysterectomy specimens.
Methods of study selection
In eligible studies, the index test included office endometrial biopsy, hysteroscopic biopsy,
or dilatation and curettage; the reference standard was hysterectomy. Outcome measures
included tumor grade, histologic subtype, or both.
Tabulation, integration, and results
Two independent reviewers assessed the eligibility of the studies. Risk of bias was assessed
(Quality Assessment of Diagnostic Accuracy Studies). A total of 45 studies (12,459 patients)
met the inclusion criteria. The pooled agreement rate on tumor grade was 0.67 (95% CI
0.60-0.75) and Cohen’s κ was 0.45 (95% CI 0.34-0.55). Agreement between hysteroscopic
biopsy and final diagnosis was higher (0.89, 95% CI 0.80-0.98) than for dilatation and
curettage (0.70, 95% CI 0.60-0.79; P=0.02); however, it was not significantly higher than for
office endometrial biopsy (0.73, 95% CI 0.60-0.86; P=0.08). The lowest agreement rate was
found for grade 2 carcinomas (0.61, 95% CI 0.53-0.69). Downgrading was found in 25%
and upgrading was found in 21% of the endometrial samples. Agreement on histologic
subtypes was 0.95 (95% CI 0.94-0.97) and 0.81 (95% CI 0.69-0.92) for preoperative
endometrioid and non-endometrioid carcinomas, respectively.
Conclusion
Overall there is only moderate agreement on tumor grade between preoperative
endometrial sampling and final diagnosis with the lowest agreement for grade 2
carcinomas.
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Introduction
Endometrial carcinoma is the most common gynecologic malignancy in the Western
world.1, 2 Although most patients are diagnosed with early-stage disease and have a
favorable prognosis, approximately 20% of the patients will have high-grade endometrial
carcinoma with extended disease and a poor outcome.3 The group with a favorable
outcome consists primarily of low-grade (grade 1 and 2) endometrioid carcinomas,
whereas the group with a poor outcome consists of high-grade carcinomas: grade 3
endometrioid and non-endometrioid carcinomas. In clinical early-stage endometrioid
carcinoma, the risk of pelvic lymph node metastasis depends on grade, varying from 3%
(grade 1) to 12% (grade 3 endometrioid carcinomas).4, 5 In this perspective, preoperative
tumor grade is an important cornerstone in determining the extent of surgical treatment.6, 7
Endometrial sampling can be performed by office endometrial biopsy, hysteroscopic
biopsy, or dilatation and curettage (D&C). Often limited tissue is available, which makes
this diagnosis challenging. Discordances in grading and histologic subtype in preoperative
and final diagnosis can lead to either undertreatment by underestimating the risk of
lymph node metastasis or overtreatment with unnecessary surgical procedures with
associated complications. Several studies addressing this issue are limited by relative small
sample sizes of less than 200 patients and different endometrial sampling techniques.
Agreement rates for tumor grade between preoperative endometrial sampling and final
diagnosis vary from 32% to 97%.8, 9 Therefore, a systematic review of the literature and
meta-analysis was performed to assess the agreement on grade and histologic subtype
between preoperative endometrial sampling and final diagnosis.

Sources
The systematic review was performed according to the Meta-Analyses and Systematic
Reviews of Observational Studies guidelines.10 A literature search was performed in
MEDLINE, EMBASE, ClinicalTrials.gov, and the Cochrane Library from inception to January 1,
2017. The following keywords and all known synonyms for these keywords were used:
“endometrial cancer”, “hyperplasia”, “biopsy”, “hysterectomy”, and “grade”. The search
strategy can be found in Appendix 1, available online at http://links.lww.com/AOG/A995.
Additional searches were performed by manual crossreferencing.

Study selection
Two independent investigators (N.C.M.V., C.R.) reviewed each study for eligibility based on
title and abstract. The full text of presumably eligible studies was evaluated to decide
whether the study fulfilled the inclusion criteria. In eligible studies, the index test included
office endometrial biopsy, hysteroscopic biopsy, or D&C; the reference standard had to be
hysterectomy. Outcome measure had to be tumor grade, histologic subtype, or both.
Exclusion criteria were conference abstracts, case reports and papers containing less than
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five patients, review articles, absence of hysterectomy or preoperative histology,
intraoperative frozen biopsies, not in English, lack of the percentage of agreement, and
absence of possibilities to calculate these from available data. In case of overlapping
patient data, the study with the most outcome data was included. In case of discrepancies
between the two investigators, consensus was made after discussion. The agreement on
the selection of studies between the investigators was calculated (weighted κ).
The revised tool for Quality Assessment of Diagnostic Accuracy Studies was used for
assessment of methodologic quality of the studies by two independent investigators
(N.C.M.V., C.R.).11 In case of disagreement, a consensus score was achieved by a third
investigator (J.M.A.P.). Risk of bias was assessed as “low risk”, “high risk”, or “unclear risk” in
four domains: patient selection, index test, reference standard, and flow and timing. The
first three domains were also assessed in terms of applicability. Studies were only classified
as “low risk of bias” or “low risk regarding applicability” in a specific domain when all
subdomains were scored as “low risk”. Studies scored as “high risk” on more than one item
were excluded from the meta-analysis.
A data extraction form was designed before inclusion containing information about study
design, index test, patient characteristics (age, menopausal status), and preoperative and
hysterectomy tumor characteristics (grade and histologic subtype).
The number of grade 1, 2, and 3 tumors, both in preoperative histology and hysterectomy,
was extracted from the studies. Discrepancies between values reported in the text and
the tables were found in one study.12 For this study, values from tables were used for
analysis.
Endometrial carcinomas were graded based on the World Health Organization criteria,
defining three different grades: grade 1 (well differentiated), grade 2 (moderately differentiated),
or grade 3 (poorly differentiated).13 Histologic subtypes were defined as endometrioid
and non-endometrioid endometrial carcinoma. Serous carcinomas, clear cell carcinomas,
mixed adenocarcinomas, and carcinosarcomas were classified as non-endometrioid
carcinomas.
The endometrial sampling methods were defined as “office endometrial biopsy”, “hysteroscopic
biopsy”, and “D&C”. In case the preoperative test was described as “endometrial biopsy”
without mentioning hysteroscopy or curettage or as “curettage” without any signs that
the test was performed in an outpatient clinic, the authors were contacted to verify the
endometrial sampling method.
Downgrading included both grade 3 endometrioid carcinoma downgraded to grade 1 or
2 and grade 2 endometrioid carcinoma downgraded to grade 1. Upgrading included
both grade 1 endometrioid carcinoma upgraded to grade 2 or 3 and grade 2 endometrioid
carcinoma upgraded to grade 3. Subsequently, clinically relevant upgrading was defined
as preoperative low-grade (grade 1 or 2 endometrioid carcinoma) and postoperative
high-grade (grade 3 carcinoma).
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The primary outcome of this review was the agreement on tumor grade and histologic
subtype between preoperative histology and final diagnosis. A subanalysis for endometrial
sampling method and separate grades was performed, and Cohen’s κ was calculated.
Secondary outcomes included down- and upgrading and a subanalysis for clinically
relevant down- and upgrading.
For the primary outcome regarding tumor grade, only studies analyzing all three grades
of endometrioid carcinoma were included in the analysis. For all outcomes containing
grade, only patients preoperatively diagnosed with endometrioid carcinoma were
analyzed. Consequently, only studies that included exclusively endometrioid carcinoma
or differentiated the numbers of endometrioid carcinoma grade 3 and non-endometrioid
carcinoma were included.
Contingency tables containing the number of grade 1, 2, and 3 tumors and the number of
endometrioid and non-endometrioid carcinomas as assessed on preoperative histology
and on hysterectomy specimen were constructed. Agreement between tumor grade in
preoperative endometrial samples and final diagnosis was calculated from these tables by
dividing the number of correctly assessed cases on the preoperative histology by the total
number of tumors in which tumor grade was determined. Cohen’s κ and all other
outcomes were calculated from these tables as well. Percentages of agreement and
κ-values were visualized with 95% CIs into forest plots together with pooled estimates.
The strength of agreement was considered poor for κ less than 0.2, fair for κ = 0.21-0.40,
moderate for κ = 0.41-0.60, substantial for κ = 0.61-0.80, and almost perfect for κ =
0.81-1.00.14
To test the amount of heterogeneity between the studies, I2 statistic was used.15 This test
indicates what amount of variance can be attributed to heterogeneity rather than to
chance and values lie between 0% and 100%. A value of 0% equals no heterogeneity with
larger values equaling increasing heterogeneity. Funnel plots were generated to visualize
publication bias.16 Statistical analyses were performed with R statistics 3.3.2 GUI 1.68,
including the metafor package (1.9-9).17

Results
A total of 1,428 studies were retrieved by the database search, of which 1,042 remained
after removal of duplicates. Based on title and abstract, 190 studies were found to be
relevant. After full-text screening, 145 studies were excluded (Fig. 1). A total of 45 studies,
comprising 12,459 patients, were included in the systematic review.8, 9, 12, 18-59 Of the nine
studies not mentioning the endometrial sampling method, we were able to verify the
sampling method in four studies.29, 44, 51, 52 The remaining five studies were excluded from
the subanalysis.27, 30, 37, 49, 58 The initial agreement of the two reviewers (N.C.M.V. and C.R.)
regarding eligibility was 98% (weighted κ 0.79, 95% CI 0.70-0.88).
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Identification

Records identified through
database searching
(n=1,428)

Additional records identified
through other sources
(n=6)

Records identified
(n=1,434)
Excluded, duplicates
(n=386)
Screening

Records screened
(n=1,048)
Records excluded
(n=858)

Eligibility

Full-text articles
assessed for eligibility
(n=190)
Full-text articles excluded,
with reasons
(n=145)
Studies included in
qualitative synthesis
(n=45)

Included
Studies included in
quantitative synthesis
(meta-analysis)
(n=45)

Figure 1 Flowchart of the systematic review process.

Of the included studies, 42 were retrospective. Characteristics of all included studies are
shown in Appendix 2, available online at http://links.lww.com/AOG/A995.
All selected studies were evaluated by means of the revised Tool for Quality Assessment
of Diagnostic Accuracy Studies to assess the risk of bias and the applicability. Results are
shown in Figure 2 and Appendix 3, available online at http://links.lww.com/AOG/A995.
Overall, the risk of bias was unclear in most studies, which was mainly attributable to
patient selection and interpretation of the index test and reference standard. Thirty-four
studies had an unclear risk of bias in patient selection attributable to the absence of
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homogenous exclusion criteria, for example, exclusion based on neoadjuvant treatment
between the index test and reference test. Risk of bias in interpretation on the index test
and reference standard was mainly attributable to the absence of (blinded) central review
of the histology results. The clinical setting was heterogeneous in some studies, which
included endometrial samples performed in more than one hospital.20, 21, 23, 24, 28, 30, 35, 36,
40, 48, 54 Only one study had an overall low risk of bias.50 None of the studies scored high
risk of bias, and as a result, no study was excluded after quality assessment. Applicability
concerns were low in all studies. Funnel plots for the primary outcome did not indicate
any publication bias (data not shown).
Of the 45 studies included, 16 studies provided information about the numbers of
individual patients with grade 1, 2, and 3 endometrioid carcinoma and were included in
this analysis. The pooled percentage of overall agreement between endometrial sampling
and final diagnosis was 0.67 (95% CI 0.60-0.75) including 5,055 patients (Fig. 3). A randomeffects model was used, because of an I2 of 91.6% (P<0.001), indicating high heterogeneity
(Table 1). The pooled estimate of Cohen’s κ for grade was 0.45 (95% CI 0.34-0.55) indicating
moderate agreement (Fig. 4).
For agreement on individual grades, all studies were included analyzing the three specific
grades, including the 16 studies mentioned previously: 39 studies analyzed grade 1,
36 studies analyzed grade 2, and 17 studies analyzed patients with grade 3 endometrioid
carcinoma. Lowest agreement was found in the group of preoperative grade 2 endometrioid
carcinomas, more specifically a pooled agreement of 0.61 (95% CI 0.53-0.69), including
3,027 patients. Agreement in the group of preoperative grade 1 endometrioid carcinoma
was 0.75 (95% CI 0.69-0.81) including 5,380 patients. Agreement in the group of
preoperative grade 3 endometrioid carcinoma was 0.75 (95% CI 0.65-0.96) including 790
patients. All outcomes were pooled by means of a random-effects model because of high
heterogeneity. Analysis on agreement per tumor grade on only the 16 studies including
all grades yielded the same results (data not shown).
For agreement in different endometrial sampling methods, nine studies were included
analyzing office endometrial biopsy, three studies included analyzing hysteroscopic
biopsies, and 16 studies were included analyzing D&C. Hysteroscopic biopsies showed a
significantly higher agreement (0.89, 95% CI 0.80-0.98) with a final diagnosis than D&C
(0.70, 95% CI 0.60-0.79; P=0.02) (Fig. 5). Agreement between office endometrial biopsy and
final diagnosis was 0.73 (95% CI 0.60-0.86). There was no significant difference in agreement
between hysteroscopic biopsies and office endometrial biopsy (P=0.08).
Downgrading was found in 25% of the endometrial samples (95% CI 16-34%). Clinically
relevant downgrading, from high grade to low grade, was found in 26% (95% CI 17-36%).
Upgrading was found in 21% of included endometrial samples (95% CI 17-24%). Clinically
relevant upgrading from low grade to high grade was found in 8% (95% CI 6%-10%),
more specifically in 4% of preoperative grade 1 samples and 14% of preoperative grade
2 samples.
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30
19
9
3
16

Grade 3

Office endometrial biopsy†

Hysteroscopic biopsy†

Dilatation and curettage†

41
37

Grade 1 vs grade 3

Grade 2 vs grade 3

10
13

Agreement endometrioid carcinomas grade 3

Agreement non-endometrioid carcinomas

585

517

7,292

3,006

5,687

8,475

8,483

709

2,473

2,178

169

1,311

790

3,027

5,380

5,055

0.81 (0.69–0.92)

0.81 (0.74–0.91)

0.95 (0.94–0.97)

0.14 (0.12–0.17)

0.04 (0.03–0.05)

0.08 (0.06–0.10)

0.21 (0.17–0.24)

0.26 (0.17–0.36)

0.25 (0.16–0.34)

0.70 (0.60–0.79)

0.89 (0.80–0.98)

0.73 (0.60–0.86)

0.75 (0.65–0.86)

0.61 (0.53–0.69)

0.75 (0.69–0.81)

0.67 (0.60–0.75)

No. of
Agreement
patients (95% CI)

Bold indicates categories with a substantial agreement or more (kappa ≥ 0.61).
*Included studies analyzed grade 1, 2 and 3 endometrioid endometrial cancers.
†Included studies analyzed grade 1, 2 or 3 endometrioid endometrial cancers.
‡Included studies analyzed preoperative grade 2 and 3 endometrioid endometrial cancers.
§Included studies analyzed preoperative grade 1 and 2 endometrioid endometrial cancers.
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Agreement endometrioid carcinomas

Histologic subtype

41

41

16

Clinically relevant

Upgrading§

Clinically relevant

16

37

Grade 2

Downgrading‡

16
40

Grade 1

No. of
studies

Overall*

Grade agreement

Outcome

86.2

83.1

84.0

61.9

58.6

77.7

89.6

80.8

91.8

92.2

82.1

95.1

89.2

89.2

92.0

91.6

I2 (%)

Table 1 Pooled data on agreement between endometrial sampling and final diagnosis.

0.53–1.00

0.61–1.00

0.90–1.00

0.05–0.24

0.01–0.07

0.02–0.15

0.05–0.36

0.47–1.00

0.02–0.48

0.43–0.96

0.74–1.00

0.42–1.00

0.44–1.00

0.31–0.91

0.51–0.99

0.48–0.86

12, 18, 21, 25, 30, 31, 33, 34, 39, 41, 43, 44, 50

22, 25, 27-30, 34, 40, 48, 54
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Prediction Studies included
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For agreement on histologic subtype, 24 studies were included analyzing preoperative
endometrioid carcinomas and 13 studies analyzing preoperative non-endometrioid
carcinomas. Agreement in preoperative endometrioid carcinomas was 0.95 (95% CI
0.94-0.97) and in preoperative non-endometrioid carcinomas 0.81 (95% CI 0.69-0.92).
Analyzing only preoperative grade 3 endometrioid carcinomas, agreement of 0.81 (95%
CI 0.74-0.91) was found.

1
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0
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Percentage of studies

B
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Unclear

Figure 2 Overall risk of bias (A) and concerns regarding applicability (B) using the revised
Quality Assessment of Diagnostic Studies (QUADAS-2).
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Author and Year

Total

Weight

Agreement

Wang, 2009

687

13.59% 0.59 [0.55, 0.63]

Batista, 2016

79

1.56% 0.61 [0.50, 0.72]

Karateke, 2011

136

2.69% 0.61 [0.53, 0.69]

Cirisano, 1999

466

9.22% 0.62 [0.58, 0.67]

Goksedef, 2012

335

6.63% 0.64 [0.58, 0.69]

1766

34.94% 0.67 [0.65, 0.70]

Francis, 2009
DuBeshter, 2003

300

5.93% 0.68 [0.63, 0.74]

Wang, 2005

38

0.75% 0.68 [0.54, 0.83]

Yamazaha, 1997

53

1.05% 0.70 [0.57, 0.82]

Kisielewski, 2016

85

1.68% 0.71 [0.61, 0.80]

Okadome, 2014

77

1.52% 0.71 [0.61, 0.82]

Sykes, 2002

114

2.26% 0.72 [0.64, 0.80]

Huang, 2007

238

4.71% 0.72 [0.67, 0.78]

Helpman, 2014

464

9.18% 0.75 [0.72, 0.79]

Cho, 2010

182

3.60% 0.81 [0.75, 0.86]

35

0.69% 0.97 [0.92, 1.00]

Cutillo, 2007
Pooled estimate (95% CI)
with 95% prediction interval

100.00% 0.67 [0.60, 0.75]

0

0.25

0.5

0.75

1

Figure 3 Forest plot of agreement on grade between endometrial sampling and final
diagnosis, with study-specific and pooled estimate. Values in brackets are 95% CIs.
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Author and Year

Total

Weight

Cohen's K

Batista, 2016

79

Yamazaha, 1997

53

1.05% 0.30 [0.18, 0.43]

687

13.59% 0.37 [0.33, 0.40]

Wang, 2009
Kisielewski, 2016

1.56% 0.22 [0.12, 0.31]

85

1.68% 0.39 [0.28, 0.49]

Cirisano, 1999

466

9.22% 0.39 [0.35, 0.44]

Goksedef, 2012

335

6.63% 0.40 [0.35, 0.46]

Karateke, 2011

136

2.69% 0.40 [0.32, 0.49]

Francis, 2009

1766

34.94% 0.43 [0.40, 0.45]

Huang, 2007

238

4.71% 0.49 [0.43, 0.56]

Okadome, 2014

77

1.52% 0.49 [0.38, 0.61]

Wang, 2005

38

0.75% 0.50 [0.34, 0.66]

DuBeshter, 2003

300

5.93% 0.52 [0.46, 0.57]

Sykes, 2002

114

2.26% 0.54 [0.45, 0.64]

Helpman, 2014

464

9.18% 0.60 [0.56, 0.65]

Cho, 2010

182

3.60% 0.66 [0.60, 0.73]

35

0.69% 0.94 [0.87, 1.00]

Cutillo, 2007

Pooled estimate

1

100.00% 0.45 [0.34, 0.55]

0

0.25

0.5

0.75

1

Figure 4 Forest plot of Cohen’s κ for agreement on grade between endometrial sampling
and final diagnosis, with study-specific and pooled estimate. Values in brackets are 95% CIs.
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Office endometrial biopsy
Mitchard, 2003
Larson, 1995
Cirisano, 1999
Okadome, 2014
Daniel, 1988
Leitao, 2009
Ben-Shachar, 2005
Kang, 2009
Phelippeau, 2016
Hysteroscopic biopsy
Ortoft, 2013
Su, 2015
Cutillo, 2007
Dilatation and curettage
Wang, 2009
Karateke, 2011
Wang, 2009
Goksedef, 2012
Mitchard, 2003
Wang, 2005
Kisielewski, 2016
Larson, 1995
van Doorn, 2002
Ben-Shachar, 2005
Daniel, 1988
Obermair, 1999
Su, 2015
Leitao, 2009
Phelippeau, 2016
Zorlu, 1994
Pooled estimate (95% CI)

0

0.25

0.5

0.75

Total
25
108
466
77
55
283
86
122
89

Weight
0.68%
2.95%
12.74%
2.10%
1.50%
7.74%
2.35%
3.34%
2.43%

Agreement
0.48 [0.28, 0.68]
0.54 [0.44, 0.63]
0.62 [0.58, 0.67]
0.71 [0.61, 0.82]
0.73 [0.61, 0.84]
0.82 [0.77, 0.86]
0.84 [0.76, 0.92]
0.93 [0.88, 0.97]
0.93 [0.88, 0.98]

77
57
35

2.10%
1.56%
0.96%

0.81 [0.72, 0.89]
0.96 [0.92, 1.00]
0.97 [0.92, 1.00]

75
136
662
335
55
36
82
37
58
95
131
137
106
156
51
26

2.05%
3.72%
18.10%
9.16%
1.50%
0.98%
2.24%
1.01%
1.59%
2.60%
3.58%
3.75%
2.90%
4.26%
1.39%
0.71%

0.44 [0.33, 0.55]
0.61 [0.53, 0.69]
0.61 [0.58, 0.65]
0.64 [0.58, 0.69]
0.64 [0.51, 0.76]
0.72 [0.58, 0.87]
0.73 [0.64, 0.83]
0.76 [0.62, 0.90]
0.78 [0.67, 0.88]
0.78 [0.70, 0.86]
0.79 [0.72, 0.86]
0.79 [0.72, 0.86]
0.85 [0.78, 0.92]
0.90 [0.85, 0.95]
0.92 [0.85, 1.00]
0.92 [0.82, 1.00]

100.00%

0.72 [0.64, 0.79]

1

Figure 5 Forest plot of agreement on grade between endometrial sampling and final
diagnosis per sampling method, with study-specific and pooled estimate. Values in brackets
are 95% CIs.

Discussion
This meta-analysis shows a moderate agreement of 67% on grade between endometrial
sampling and final diagnosis with the lowest agreement for grade 2 carcinomas. Clinically
relevant upgrading was found in 8% of the cases.
One of the main reasons of disagreement on grade between endometrial sampling and
final diagnosis could be the limited amount of tissue often obtained by preoperative
endometrial sampling, which can lead to difficulties in assessing tumor grade. As a
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consequence, in 15%-68% of the samples, there is an insufficient amount of tissue for
diagnosis.60-62 This insufficiency rate differs per sampling method.63 However, to our
surprise, hysteroscopic biopsies show a higher agreement (89%) compared with D&C
(70%) (P=0.02), suggesting that not only the amount of tissue, but also the accurateness of
sampling is important. Further studies are warranted evaluating hysteroscopic biopsies.
In heterogeneous and mixed tumors, areas that contain more aggressive tumor can be
missed.18 The World Health Organization grading system is primarily based on the extent
of solid growth, which can be difficult to assess on a small amount of tissue.13 In addition,
defining nuclear atypia is particularly subjective, because of the absence of clearly defined
criteria.64 Interobserver disagreement reflects a substantial problem in the diagnostic
process of endometrial cancer, which is reported to be 28% up to 51% in high-grade
tumors and may partly be explanatory for the reported disagreement.65-67
Inadequate grading leads to suboptimal clinical management, mainly in early-stage
tumors. Undergrading leads to inadequate staging because of omission of lymphadenectomy, which might result in systemic undertreatment. Lymphadenectomy is associated
with morbidity and therefore alternative staging methods are increasingly used. Sentinel
lymph node biopsies show a high degree of diagnostic accuracy in detecting lymph node
metastasis in endometrial cancer.68 Preoperative histology can adequately select
low-grade patients on which sentinel lymph node biopsy can be performed with only 8%
clinically relevant upgrading. Overgrading leads to more extensive surgical treatment with
associated perioperative morbidity in up to 20%.69 Particularly in those patients in whom
conservative treatment is preferred, for fertility preservation, or in case of surgical contraindications, the accuracy of the preoperative histology is important. Awareness of the
chance of clinically relevant upgrading, varying from 4% in preoperative grade 1 to 14% in
preoperative grade 2 patients, is essential.
Clinical implications of disagreement in histologic subtype are less clear. Whereas several
studies failed to show a difference in clinical outcome for high-grade carcinomas,70-72
other studies do report worse prognosis in serous and clear cell carcinomas in univariable
and multivariable analysis.73, 74 A possible relation between outcome and tumor
heterogeneity is reported with a worse prognosis for patients with high preoperative and
low postoperative risk compared with patients with concordant low-risk classification and
better prognosis compared with patients with concordant high-risk classification.75, 76
Limitations of our systematic review include the moderate quality of the included studies.
All but three had a retrospective design. In only five the blinded review was described,
resulting in an unclear risk of bias resulting from interobserver variability. However, no
study had to be excluded based on risk of bias.
Our outcomes are characterized by high heterogeneity. In addition to interobserver
variability, there is large variation in the endometrial sampling method, which might lead
to a different extent of sampling error. However, subanalysis per sampling method yields
high heterogeneity outcomes as well.
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Unreliable preoperative grading reflects a major clinical challenge and emphasizes the
need for other risk stratification tools. Because the disagreement was most profound in
the patients with preoperative grade 2 endometrioid carcinomas, one could question the
usefulness of the three-tiered International Federation of Gynecology and Obstetrics
system. Several alternative systems have been proposed, wherein the binary International
Federation of Gynecology and Obstetrics grading system was shown to be the most
reproducible.77 Although small differences in outcome have been described between
grade 1 and 2 tumors, both primary and adjuvant treatment are not different for grade 1
and 2.64, 78 Hence, a binary grading system might be a good alternative.
Molecular classification, as proposed by The Cancer Genome Atlas, and immunohistochemical biomarkers might help to preoperatively differentiate between high- and
low-risk tumors.67, 79 Therefore, further studies are needed that evaluate whether the
combination of morphologic grade and type with biomarkers improves the preoperative
risk assessment.
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Appendix 1 Search syntax.
“Endometrial Neoplasms”[Mesh] OR “Uterine Neoplasms”[Mesh:NoExp] OR (Endometrial[tiab] OR
endometrium[tiab] OR endometrioid[tiab]) AND (Neoplasm*[tiab] OR Adenocarcinoma*[tiab] OR
Carcinoma*[tiab] OR Cancer*[tiab] OR Tumor[tiab] OR Tumour[tiab] OR Tumors[tiab] OR Tumours[tiab])
OR “Endometrial Hyperplasia”[Mesh] OR Endometrial Hyperplasia* [tiab]
AND
“Dilatation and Curettage”[Mesh] OR “Curettage”[Mesh:NoExp] OR “Biopsy”[Mesh:NoExp] OR
biops*[tiab] OR curettage[tiab] OR curettages[tiab] OR Pipelle[tiab] OR Sampl*[tiab] OR preoperative
histology[tiab] OR pre-operative histology[tiab] OR pre-operative diagnosis[tiab] OR preoperative
diagnosis[tiab]
AND
(“Hysterectomy, Vaginal”[Mesh]) OR “Hysterectomy”[Mesh:NoExp] OR Hysterectom* [tiab] OR Uterus
extirpation[tiab] OR Final pathology[tiab] OR Final uterine pathology[tiab] OR Surgical pathology[tiab]
OR Resected uterus[tiab] OR uterus resection[tiab] OR extirpated uterus[tiab] OR Hysterotom*[tiab]
AND
Grade* [tiab]
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Appendix 2 Characteristics of included studies.
Reference

Study design

Time period No. of
patients

Age
(mean/median)

Age
(range)

Baek et al (2005)18

Retrospective

1997-2013

817

NR

NR

Batista et al (2016)19

Retrospective

1991-2012

166

63

56-70

Ben-Shachar et al (2005)20

Retrospective

1997-2003

181

61

27-89

Buranawattanachoke et al
(2009)21

Retrospective

1993-2008

235

55.8

30-84

Cho et al (201022

Retrospective

2000-2007

182

51.6

27-83

Cirisano et al (1999)12

Retrospective

1967-1990

574

NR

NR

Corr et al (2017)23

Retrospective

2010-2014

352

NR

NR

Cutillo et al (2007)9

Retrospective

2005

42

62.5

33-79

Daniel et al (1988)24

Retrospective

1980-1985

223

64

25-89

Di Cello et al (2015)25

Retrospective

2006-2013

447

NR

NR

DuBeshter et al (2003)26

Retrospective

1991-2000

300

64

NR

Fotiou et al (2009)27

Retrospective

2001-2007

108

63

34-82

Francis et al (2009)28

Retrospective

1996-2000

1804

NR

NR

Goksedef et al (2012)29

Retrospective

2000-2011

335

56.2

NR

Helpman et al (2014)30

Retrospective

1999-2009

653

NR

NR

Huang et al (2007)31

Retrospective

1995-2005

360

NR

NR

Kang et al (2009)32

Retrospective

2000-2004

122

50.8/49.6

28-77

Karateke et al (2011)33

Retrospective

2000-2009

158

59.5

NR

Kisielewski et al (2016)34

Retrospective

2007-2014

204

NR/63.8

39-87

Larson et al (1995)35

Retrospective

1987-1994

183

66.3

NR

Leitao et al (2009)36

Retrospective

1993-2006

490

60

29-90

Matsuo et al (2015)37

Retrospective

2000-2013

435

52.2

NR

Mitchard et al (2003)38

Retrospective

1997-2000

125

66.3/67.2

NR

Oakley et al (1989)39

Retrospective

1983-1987

68

65/61

NR

Obermair et al (1999)40

Retrospective

1996-1997

137

66.5

NR

Okadome et al (2014)41

Retrospective

2006-2013

198

57.3

NR

Ortoft et al (2013)8

Prospective

2006-2011

156

66

32-88

Petersen et al (2000)42

Retrospective

1996-1998

460

NR

NR

Phelippeau et al (2016)43

Retrospective

2002-2014

328

68

NR

Pradhan et al (2010)44

Retrospective

2003-2005

111

NR

NR

Sato et al (2009)45

Retrospective

1995-2007

191

57

33-89

Shipley et al (1992)46

Retrospective

NR

56

63

26-83

Soothill et al (1989)47

Retrospective

1980-1986

131

NR

NR
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No. in
analysis
grade

No. in
analysis
subtype

Index test

Preoperative grade

Hysterectomy grade

G1

G2

G3

G1

G2

G3

557

798

79

-

Unknown

357

200

-

366

159

32

Unknown

46

24

9

58

16

5

181
167

181

D&C, office endometrial biopsy

181

-

-

146

27

8

235

Unknown

52

115

-

73

86

8

182

-

Unknown

104

59

19

96

66

20

466

519

Unknown

206

192

68

212

165

89

236

272

Unknown

178

58

-

167

48

21

35

-

HB

4

22

9

3

22

10

205

-

D&C, office endometrial biopsy

134

71

-

134

64

7

429

447

Unknown

345

24

60

277

61

91

300

300

Unknown

145

95

60

128

99

73

108

108

Unknown

66

42

0

55

44

9

1766

1778

Unknown

993

605

168

964

578

224

335

335

D&C

167

123

45

137

152

46

464

653

Unknown

255

125

84

219

125

120

238

349

Unknown

151

59

28

142

52

44

122

-

Office endometrial biopsy

96

26

-

88

33

1

136

136

D&C

72

39

25

49

46

41

85

160

D&C

9

59

17

8

57

20

145

-

D&C, office endometrial biopsy

77

68

-

73

56

16

477

490

D&C, office endometrial biopsy

477

-

-

409

63

5

435

435

Unknown

321

114

-

266

133

36

80

-

D&C, office endometrial biopsy

20

60

-

12

46

22

52

68

Unknown

42

10

-

43

2

7

137

137

D&C

137

-

-

108

28

1

77

102

Office endometrial biopsy

55

11

11

39

21

17

85

-

Unknown

73

12

-

61

11

5

339

-

Unknown

170

169

-

131

180

28

-

12

128

-

12

140

224

Office endometrial biopsy,
hysteroscopic biopsy

1281

-

91

D&C

-

-

-

-

-

-

165

-

Unknown

111

54

-

99

55

11

38

-

Unknown

23

15

-

24

11

3

85

-

Unknown

29

56

-

42

35

8

1
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Appendix 2 Continued.
Reference

Study design

Time period No. of
patients

Age
(mean/median)

Age
(range)

Su et al (2015)48

Retrospective

1995-2014

253

50

NR

Sykes et al (2002)49

Retrospective

1998-200

140

NR

NR

Talhouk et al (2016)50

Retrospective

NR

60

63.9/68.8

NR

Tanaka et al (2015)51

Retrospective

2007-2015

378

58

NR

Traen et al (2007)52

Retrospective

2004-2006

72

NR

NR

Valsecchi et al (1997)53

Retrospective

NR

77

62

26-88

Van Doorn et al (2002)54

Prospective

1998

93

66

NR

Wang et al (2005)55

Retrospective

2000-2002

52

NR

NR

Wang et al (2009)56

Retrospective

1993-2007

218

59

26-85

Wang et al (2009)57

Retrospective

1999-2008

687

NR

NR

Yamazawa et al (1997)58

Retrospective

1998-2002

67

NR

NR

Zorlu et al (1994)59

Prospective

NR

30

51

38-67

NR, not reported; D&C, dilatation and curettage; *No distinction was made between grade 1 and grade 2.
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No. in
analysis
grade

No. in
analysis
subtype

Index test

Preoperative grade

Hysterectomy grade

G1

G2

G3

G1

G2

G3

163

-

114

114

D&C, hysteroscopic biopsy

117

46

-

105

49

9

Unknown

64

28

22

57

28

29

34
304

47

Unknown

23

11

-

15

16

3

-

D&C

304*

-

-

266

-

38

72

-

Office endometrial biopsy

64*

-

8

63

-

9

66

-

Unknown

28

38

-

30

33

-

60

-

D&C

23

37

-

19

36

5

38

38

D&C

14

17

7

5

24

9

78

-

D&C

33

45

-

20

46

12

687

-

D&C

259

296

132

158

367

137

53

-

Unknown

40

11

2

36

15

2

49

-

D&C, office endometrial biopsy

36

13

-

38

10

1

1

45
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CHAPTER 2

Abstract
Background
Identification of aggressive endometrioid endometrial carcinomas (EECs) and non-
endometrioid carcinomas (NEECs) is essential to improve outcome. L1 cell adhesion molecule
(L1CAM) expression is a strong prognostic marker in stage I EECs, but less is known about
L1CAM expression in advanced-stage EECs and NEECs. This study analyses L1CAM
expression in a clinically representative cohort of endometrial carcinomas.
Materials and Methods
The expression of L1CAM was immunohistochemically determined in 1199 endometrial
carcinomas, treated at one of the European Network for Individualized Treatment of
Endometrial Cancer (ENITEC) centres. Staining was considered positive when >10% of the
tumour cells expressed L1CAM. The association between L1CAM expression and several
clincopathological characteristics and disease outcome was calculated.
Results
In all, L1CAM was expressed in 10% of the 935 stage I EECs, 18% of the 160 advanced stage
EECs, and 75% of the 104 NEECs. The expression of L1CAM was associated with advanced
stage, nodal involvement, high tumour grade, non-endometrioid histology, lymphovascular
space invasion, and distant recurrences in all cases, and with reduced survival in the EECs,
but not in the NEECs.
Conclusions
The expression of L1CAM is a strong predictor of poor outcome in EECs, but not NEECs.
It is strongly associated with non-endometrioid histology and distant spread, and could
improve the postoperative selection of high-risk endometrial carcinomas. The value of
L1CAM expression in the preoperative selection of high-risk endometrial carcinomas
should be studied.
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Introduction
Endometrial carcinoma is the most common gynaecological malignancy in developed
countries.1 These carcinomas can be histologically classified as either endometrioid
endometrial carcinomas (EECs) or non-endometrioid endometrial carcinomas (NEECs).2, 3
In general, EECs have a favourable prognosis, and are characterised by expression of the
oestrogen and progesterone receptors, microsatellite instability, and PTEN, KRAS, PIK3CA,
and CTNNB1 mutations. The most common NEECs have serous or clear cell histology, and
a worse prognosis. They are characterised by TP53 mutations, and PTEN and PIK3CA
mutations, respectively. Less common carcinomas with non-endometrioid histology are
those with undifferentiated histology, characterised by microsatellite instability, those
with mucinous histology, with a prognosis and molecular characterisation similar to EECs,
and the carcinosarcomas. However, a substantial number of endometrial carcinomas do
not fit within this dualistic model, and have mixed histology or hybrid molecular and
histological characteristics, making diagnosis challenging.2 After primary surgery, adjuvant
treatment is recommended based on the presence of predictors of poor outcome, most
importantly FIGO stage. In addition, the prognosis is related to histological type, tumour
grade, myometrial invasion, lymphovascular space invasion (LVSI), and the age of the
patient.4 More recently, a new subdivision into four subgroups, based on the molecular
profile, was proposed by The Cancer Genome Atlas Research network.5 However, these
data have not been incorporated in clinical practice yet. In addition, several immunohistochemical markers have been shown to be associated with poor outcome. Expression of
the transmembrane L1 cell adhesion molecule (L1CAM) seems to be one of the most
powerful ones described to date. The L1CAM plays an important role in neurogenesis, but
has been associated with poor outcome in various cancer types.6-14 Two large studies
have shown a strong association between L1CAM expression in stage I EEC and poor
disease outcome.15, 16 However, there was a wide variation in both the percentage of cases
expressing L1CAM and the strength of the association between L1CAM and disease
outcome found by these studies. More recently, several smaller studies have highlighted
the association between L1CAM expression and poor disease outcome in advanced-stage
EECs and NEECs, as well as a strong association between L1CAM expression and non-endometrioid histology.17-19 However, these studies have limited clinical applicability
because neither of these studies analysed the subgroups separately, and the number of
included advanced-stage EECs and NEECs is still limited. In addition, Dellinger et al used
mRNA L1CAM expression with a different cutoff than the other studies that limits the
comparability.19
The aim of the current study is therefore to analyse the value of immunohistochemical
L1CAM expression in a large, clinically representative cohort of endometrial carcinomas,
including substantial numbers of all histological types and FIGO stages.
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Materials and Methods
Patients
This study was performed within the European Network for Individualized Treatment of
Endometrial Cancer (ENITEC), a European Society of Gynecological Oncology (ESGO)
consortium aiming to improve and individualise treatment of women with uterine cancers
by sharing expertise. All ENITEC members were invited to participate in this study and to
include patients treated for stage I EEC (a maximum of 150 cases per centre), stage II–IV
EEC, or NEEC. Cases with any non-endometrioid component were included in the NEEC
group, except for the mucinous carcinomas that were included in the EEC groups as their
characteristics and prognosis are similar to that of endometrioid carcinomas.3 Only cases
diagnosed by an expert gynecological pathologist, with complete data on treatment and
pathology, and at least 36 months of follow-up were included. Clinical and pathological
data were recorded from the patient files into a database, including patient age, date of
diagnosis, surgical treatment (including lymphadenectomy and omentectomy), tumour
histology and grade, myometrial invasion, cervical invasion, LVSI, FIGO stage, adjuvant
treatment (including radiotherapy, chemotherapy and chemoradiation), residual disease,
recurrent disease, and death.

Tissue and staining
One representative slide was selected per case. Blank 4 μm sections, cut from the
corresponding formalin-fixed, paraffin-embedded tissue blocks, on Superfrost slides were
sent to the Radboud university medical center. A haematoxylin and eosin and an immuno
histochemically stained L1CAM slide were made for every case. Immunohistochemical
staining was performed in semiautomatic staining devices using an optimised version of
the previously described staining protocol.20 In short, after EDTA antigen retrieval and
blocking of endogenous peroxidase with hydrogen peroxide, slides were incubated with
1 : 100 diluted L1CAM antibody (purified anti-CD171 (L1) antibody clone 14.10, Biolegend,
San Diego, CA, USA). They were subsequently incubated with PowerVision+ Poly-HRP and
visualised with PowerVision DAB substrate solution (Leica Biosystems, Buffalo Grove, IL,
USA). Finally, the slides were counterstained with haematoxylin, dehydrated, and mounted.
Staining of the nerves was used as internal positive control.

Scoring
All slides were scored twice, by independent pathologists. First by NCM Visser or K van
de Vijver, and subsequently by M Santacana, P Bronsert or J Bulten. They were blinded
for clinical and pathological data, as well as each other’s scores. They were asked to score
the number of stained tumour cells as 0%, 1–10% 11–50%, or 51–100%, and cases were
considered to express L1CAM when one or both pathologists considered >10% of the
tumour cells to be stained, in accordance with the previously described cutoff.15, 16, 18
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Cohen’s κ was calculated for L1CAM expression as a dichotomous variable (either ≤10% or
>10%). In case of large discrepancies (i.e., if one pathologist scored 0% and the other 11–100%,
or if one pathologist scored 1–10% and the other 51–100%) the slides were reviewed by
a third pathologist who did not score the slide initially (either NCM Visser or J Bulten).

Statistical analysis
Clinicopathological differences between L1CAM-positive and -negative cases were compared
using the χ2 and Fisher’s exact tests for categorical variables and the Mann–Whitney
U-test for continuous variables, and corresponding P-values are shown in Tables 1-4.
The association between L1CAM expression and other known risk factors expressed as an
odds ratio (OR) and corresponding 95% confidence interval (95% CI) was calculated using
univariate logistic regression analysis. These risk factors were deep myometrial invasion,
patient age over 60 years, LVSI, non-endometrioid (except mucinous) histology, advanced
FIGO stage, and nodal involvement.
The Kaplan–Meier curves of 10-year disease-free and overall survival were generated for
the stage I EEC, stage II–IV EEC, and NEEC subgroups. The corresponding hazard ratio (HR)
and 95% CI was calculated using Cox regression analysis. For stage I EECs a multivariate
analysis was performed including covariates that were significantly associated with
outcome in the univariate analysis. Sample size calculation accounted only for multivariate
Cox regression analysis of the stage I EECs.
Statistical differences were considered significant at a two-sided P-value of ≤0.05. SPSS
version 22 (SPSS IBM, New York, NY, USA) statistical software was used to perform the
statistical analyses.

Ethical approval
The study was approved by the institutional review board (IRB) of all participating centres.

Results
L1CAM in endometrial carcinomas
There were 1199 cases included from 10 European centres, including 935 stage I EECs, 160
stage II–IV EECs, and 104 NEECs. The L1CAM was expressed in 200 (17%) cases, and was
scored with a κ of 0.82. Table 1 shows demographic and tumour characteristics of all cases
and a comparison between the L1CAM-negative and -positive cases. These two groups
were significantly different concerning demographics, treatment, tumour characteristics,
and disease outcome.
In univariate regression analysis, L1CAM expression was significantly associated with
advanced stage (OR 5.1, 95% CI 3.5–7.3), nodal involvement (OR 5.0, 95% CI 3.2–7.7), and
non-endometrioid histology (OR 24.0, 95% CI 14.8–38.8).
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Table 1 Comparison of the clinical and pathologic characteristics and disease outcome
of all included carcinomas with respect to the L1CAM expression.

Number of patients
Median age (years)
Median follow-upb (months)
Treatment
Lymphadenectomy
Radiotherapy
Chemotherapy
FIGO stage
I
II
III
IV
Histology
Endometrioid
Non-endometrioid
Grade
1
2
3
Myometrial invasion
<1/2
≥1/2
LVSI
No
Yes
Unknown
Outcome
Residual disease
Recurrence
Locoregional
Distant
Deceased
Endometrial carcinoma

All

L1CAM-

L1CAM+

Pa

1199
64 (range 31-93)
62 (range 0-229)

999 (83%)
63 (range 31-93)
64 (1-229)

200 (17%)
69 (range 39-93)
50 (range 0-185)

<0.01
<0.01

795 (66%)
563 (47%)
123 (10%)

645 (65%)
467 (47%)
72 (7%)

150 (75%)
96 (48%)
51 (26%)

<0.01
0.86
<0.01

965 (80%)
74 (6%)
125 (10%)
35 (3%)

849 (85%)
58 (6%)
76 (8%)
16 (2%)

116 (58%)
16 (8%)
49 (25%)
19 (10%)

<0.01

1095 (91%)
104 (9%)

973 (97%)
26 (3%)

122 (61%)
78 (39%)

<0.01

467 (39%)
474 (40%)
258 (22%)

441 (44%)
417 (42%)
141 (14%)

26 (13%)
57 (29%)
117 (59%)

<0.01

746 (62%)
453 (38%)

656 (66%)
343 (34%)

90 (45%)
110 (55%)

<0.01

813 (83%)
162 (17%)
224

723 (88%)
101 (12%)
175

90 (60%)
61 (40%)
49

<0.01

40 (3%)
158 (13%)
76 (7%)
98 (8%)
171 (14%)
99 (8%)

15 (2%)
100 (10%)
57 (6%)
53 (5%)
104 (10%)
48 (5%)

25 (12.5%)
58 (33%)
19 (11%)
45 (26%)
67 (34%)
51 (26%)

<0.01
<0.01
0.02
<0.01
<0.01
<0.01

FIGO, International Federation of Gynaecology and Obstetrics; L1CAM, L1 cell adhesion molecule; LVSI, lympho
vascular space invasion.
a p -value for the Mann-Whitney U-test for continuous variables, and χ2 test for categorical variables. Bold values
indicate that the differences were considered to be significant.
b Median

follow-up including deceased patients.
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L1CAM in stage I endometrioid endometrial carcinomas
Patient and tumour characteristics of all stage I EEC cases (n=935, including 4 mucinous
carcinomas) with respect to L1CAM expression are shown in Table 2. The L1CAM was
expressed in 93 (10%) cases. These patients were older, had a higher tumour grade and
LVSI, and more often presented with distant recurrence and disease-related mortality.

Table 2 Comparison of the clinical and pathologic characteristics as well as disease
outcome of stage I endometrioid endometrial carcinomas with respect to L1CAM expression.

Number of patients
Median age (years)
Median follow-upb (months)
Treatment
Lymphadenectomy
Radiotherapy
VBT
EBRT+/-VBT
Chemotherapy
Grade
1
2
3
Myometrial invasion
<1/2
≥1/2
LVSI
No
Yes
Unknown
Outcome
Recurrence
Locoregional
Distant
Deceased
Endometrial carcinoma

All

L1CAM-

L1CAM+

Pa

935
63 (range 32-93)
64 (range 1-210)

842 (90%)
63 (range 32-91)
65 (range 1-210)

93 (10%)
67 (range 39-93)
55 (range 6-185)

<0.01
<0.01

586 (63%)
400 (43%)
206 (22%)
190 (20%)
36 (4%)

519 (62%)
359 (43%)
189 (23%)
166 (20%)
31 (4%)

67 (72%)
41 (44%)
17 (18%)
24 (26%)
5 (5%)

442 (47%)
389 (42%)
104 (11%)

418 (50%)
348 (41%)
76 (9%)

24 (26%)
41 (44%)
28 (30%)

664 (71%)
271 (29%)

604 (72%)
238 (28%)

60 (65%)
33 (36%)

703 (91%)
67 (9%)
165

645 (92%)
53 (8%)
144

58 (81%)
14 (19%)
21

<0.01

85 (9%)
48 (5%)
42 (5%)
88 (9%)
37 (4%)

66 (8%)
41 (5%)
29 (3%)
69 (8%)
26 (3%)

19 (20%)
7 (8%)
13 (14%)
19 (20%)
11 (12%)

<0.01
0.27
<0.01
<0.01
<0.01

0.05
0.79

0.42
<0.01

0.15

ERBT, external beam radiotherapy; L1CAM, L1 cell adhesion molecule; LVSI, lymphovascular space invasion; VBT, vaginal
brachytherapy.
a p-value for the Mann-Whitney U-test for continuous variables, and χ2 test for categorical variables. Bold values
indicate that the differences were considered to be significant.
b Median follow-up including deceased patients.
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In univariate regression analysis, L1CAM expression was significantly associated with grade
3 histology (OR 4.1, 95% CI 2.5–6.8) and LVSI (OR 2.9, 95% CI 1.5–5.6), but not with deep
myometrial invasion.

L1CAM in advanced-stage endometrioid endometrial carcinomas
Patient and tumour characteristics of all advanced-stage EEC cases (n=160, including
5 mucinous carcinomas) with respect to L1CAM expression are shown in Table 3.
The expression of L1CAM was present in 28 (18%) cases. These cases had a higher tumour
grade, a more advanced FIGO stage, and more often presented with distant recurrence
and disease-related mortality.
In univariate regression analysis, L1CAM expression was significantly associated with the
presence of nodal disease (OR 4.1, 95% CI 1.5–11.5) and LVSI (OR 3.0, 95% CI 1.1–8.0).

L1CAM in non-endometrioid carcinomas
Patient and tumour characteristics of all NEEC cases (n=104) with respect to L1CAM
expression are shown in Table 4. The expression of L1CAM was present in 78 (75%) cases,
and varied between the subgroups: 77% of the serous carcinomas, 82% of the clear cell
carcinomas, 64% of the carcinosarcomas, and 57% of the undifferentiated carcinomas
expressed L1CAM. Patients with L1CAM expression were older, more often had LVSI, and
more often presented with distant recurrences and disease-related mortality.
In univariate regression analysis, L1CAM expression was significantly associated with the
presence of LVSI (OR 4.6, 95% CI 1.5–14.1).
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Table 3 Comparison of the clinical and pathologic characteristics as well as disease
outcome of advanced stage endometrioid endometrial carcinoma cases with respect to
L1CAM expression.
Pa

All

L1CAM-

L1CAM+

Number of patients

160

131 (82%)

29 (18%)

Median age (years)
Median follow-upb (months)
Treatment
Lymphadenectomy
Radiotherapy
Chemotherapy
Chemoradiotherapy
FIGO stage
II
III
IV
Grade
1
2
3
Myometrial invasion
<1/2
≥1/2
LVSI
No
Yes
Unknown
Outcome
Residual disease
Recurrence
Locoregional
Distant
Deceased

64 (range 37-93)
55 (range 1-227)

64 (range 37-93)
58 (range 3-227)

68 (range 47-84)
37 (range 1-106)

0.40
<0.01

122 (76%)
112 (80%)
41 (26%)
7 (5%)

103 (79%)
95 (73%)
31 (24%)
6 (5%)

19 (65%)
17 (59%)
10 (36%)
1 (4%)

0.13
0.14
0.23
1.00

59 (37%)
83 (52%)
18 (12%)

54 (41%)
62 (47%)
15 (12%)

5 (18%)
21 (72%)
3 (11%)

0.02
0.02
1.00

25 (16%)
82 (51%)
53 (33%)

23 (18%)
68 (52%)
40 (31%)

2 (7%)
14 (48%)
13 (45%)

0.20

43 (27%)
117 (73%)

39 (30%)
92 (70%)

4 (14%)
25 (86%)

0.11

67 (54%)
58 (46%)
35

60 (58%)
43 (42%)
28

7 (32%)
15 (68%)
7

0.052

19 (12%)
41 (26%)
15 (9%)
31 (19%)
38 (24%)

13 (10%)
28 (24%)
12 (10%)
20 (17%)
25 (19%)

6 (21%)
13 (57%)
3 (13%)
11 (48%)
13 (45%)

0.12
<0.01
0.71
<0.01
<0.01

26 (16%)

16 (12%)

10 (35%)

<0.01

Endometrial carcinoma

2

FIGO, International Federation of Gynaecology and Obstetrics; L1CAM, L1 cell adhesion molecule; LVSI, lympho
vascular space invasion.
a p-value for the Mann-Whitney U-test for continuous variables, and χ2 test for categorical variables. Bold values
indicate that the differences were considered to be significant.
b Median

follow-up including deceased patients.
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Table 4 Comparison of the clinical and pathologic characteristics as well as disease
outcome of the non-endometrioid carcinoma cases with respect to L1CAM expression.
All

L1CAM-

L1CAM+

Pa

Number of patients

104

26 (25%)

78 (75%)

Median age (years)
Median follow-upb (months)
Treatment
Lymphadenectomy
Radiotherapy
Chemotherapy
FIGO stage
I
II
III
IV
Histology
Pure NEEC
Mixed EEC/NEEC
Primary NEEC component
Serous
Clear Cell
Carcinosarcoma
Undifferentiated
Myometrial invasion
<1/2
≥1/2
LVSI
No
Yes
Unknown
Outcome
Residual disease
Recurrence
Locoregional
Distant
Deceased

69 (range 31-88)
46 (range 0-229)

64 (range 31-83)
52 (range 2-229)

70 (range 49-88)
45 (range 0-129)

<0.01
0.15

87 (84%)
51 (49%)
46 (44%)

23 (89%)
13 (50%)
10 (39%)

64 (82%)
38 (49%)
36 (46%)

0.56
0.91
0.50

30 (39%)
15 (14%)
42 (40%)
17 (16%)

7 (27%)
4 (15%)
14 (54%)
1 (4%)

23 (30%)
11 (14%)
28 (36%)
16 (21%)

0.73
1.00
0.11
0.06

76 (73%)
28 (27%)

17 (65%)
9 (35%)

59 (76%)
19 (24%)

0.32

61 (59%)
22 (21%)
14 (14%)
7 (7%)

14 (54%)
4 (15%)
5 (19%)
3 (12%)

47 (60%)
18 (23%)
9 (12%)
4 (5%)

0.57
0.58
0.33
0.36

39 (38%)
65 (63%)

13 (50%)
13 (50%)

26 (33%)
52 (67%)

0.13

43 (54%)
37 (46%)
24

18 (78%)
5 (22%)
3

25 (44%)
32 (56%)
21

<0.01

21 (20%)
32 (39%)
13 (16%)
25 (30%)
45 (43%)

2 (8%)
6 (25%)
4 (17%)
4 (17%)
10 (39%)

19 (24%)
26 (44%)
9 (15%)
21 (36%)
35 (45%)

0.09
0.14
1.00
0.12
0.57

36 (35%)

6 (23%)

30 (39%)

0.23

Endometrial carcinoma

EEC, endometrioid endometrial carcinoma; FIGO, International Federation of Gynaecology and Obstetrics; L1CAM,
L1 cell adhesion molecule; LVSI, lymphovascular space invasion; NEEC, non-endometrioid carcinoma.
a p-value for the Mann-Whitney U-test for continuous variables, and χ2 test for categorical variables. Bold values
indicate that the differences were considered to be significant.
b Median follow-up including deceased patients.
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L1CAM expression and survival
The 10-year disease-free and overall survival Kaplan–Meier plots are shown in Figure 1.
Corresponding HRs are shown in Table 5.
Multivariate analysis of the stage I EEC cases showed that expression of L1CAM is a strong
and independent predictor of both reduced disease-free survival and overall survival,
along with several known prognostic markers. Patient age of >60 years was the strongest
predictor of reduced overall survival, but not of reduced disease-specific survival (data not
shown).
The expression of L1CAM and the presence of LVSI in advanced-stage EEC cases were
significantly associated with reduced disease-free, and overall survival in univariate
analysis. Grade 3 histology and deep myometrial invasion predicted a reduced overall
survival as well, but the myometrial invasion HR had a very wide CI.
Analysis of the NEEC cases showed that L1CAM expression is not associated with reduced
disease-free and overall survival. Patient age of >60 years and advanced FIGO stage were
associated with reduced disease-free survival, and the presence of LVSI and advanced
FIGO stage were associated with reduced overall survival.

Figure 1 Kaplan-Meier plots of the 10-year disease-free and overall survival of the stage I
endometrioid, advanced-stage endometrioid, and non-endometrioid cases, with respect
to L1CAM expression.
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Table 5 Results of the Cox regression analysis, depicting the association between
several risk factors and outcome.
Stage I EEC

Stage II-IV EEC

NEEC

Univariate

Multivariate

Univariate

Univariate

HR (95%CI)

HR (95%CI)

HR (95%CI)

HR (95%CI)

3.1 (1.9-5.1)

2.3 (1.3-4.1)

3.9 (2.0-7.7)

2.0 (0.8-4.8)

DFS
L1CAM+
Grade 3

2.7 (1.6-4.4)

2.0 (1.1-3.5)

1.3 (0.7-2.5)

-

MI >50%

1.5 (1.0-2.3)

-

1.8 (0.8-4.0)

1.1 (0.6-2.7)

Age >60

2.0 (1.2-3.3)

2.0 (1.1-3.4)

1.3 (0.7-2.6)

4.2 (1.0-17.7)

LVSI

2.9 (1.6-5.1)

2.3 (1.3-4.1)

3.1 (1.5-6.7)

1.8 (0.8-4.1)

FIGO 3/4

-

-

1.6 (0.8-3.2)

2.6 (1.3-5.4)

3.1 (1.9-5.2)

2.4 (1.4-4.2)

3.7 (1.9-7.3)

1.6 (0.8-3.3)

OS
L1CAM+
Grade 3

2.8 (1.7-4.6)

2.1 (1.1-3.6)

2.7 (1.4-5.1)

-

MI >50%

1.3 (0.8-2.0)

-

7.7 (1.9-32.0)

1.4 (0.8-2.7)

Age >60

2.8 (1.6-4.8)

2.9 (1.6-5.3)

2.0 (0.9-4.2)

1.7 (0.7-4.1)

LVSI

2.4 (1.3-4.4)

1.9 (1.0-3.4)

3.0 (1.4-6.2)

2.3 (1.1-4.7)

FIGO 3/4

-

-

1.6 (0.8-3.4)

3.7 (1.8-7.5)

CI, confidence interval; DFS, disease-free survival; EEC, endometrioid endometrial carcinoma; FIGO, International
Federation of Gynaecology and Obstetrics; HR, hazard ratio; L1CAM, L1 cell adhesion molecule; LVSI, lympho
vascular space invasion; NEEC, non-endometrioid carcinoma; OS, overall survival. The table shows hazard ratio’s
and corresponding 95% confidence intervals. Bold hazard ratios are significantly associated with the respective
outcome variable. For the stage I EEC subgroup, additional multivariate Cox regression analysis was performed,
including covariates which were significantly associated with outcome in the univariate analysis.
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Discussion
This large, well-documented series of 1199 endometrial carcinomas shows a strong
association between L1CAM expression and poor outcome in stage I EECs and advancedstage EECs, but not in NEECs. Moreover, L1CAM expression was shown to be associated
with the presence of nodal disease, grade 3 histology, LVSI, and distant disease recurrences,
but especially with non-endometrioid histology.

Prognostic value of L1CAM expression in stage I
endometrioid carcinomas
Two large studies have described the prognostic value of L1CAM expression in stage I
EECs. Zeimet et al found L1CAM expression in 17% of the cases, with HRs of 16.33 for
recurrence and 15.01 for death.15 The PORTEC group found L1CAM expression in 7%, with
HRs of 2.55 for pelvic recurrence, 3.48 for distant recurrence, and 2.05 for death.16 In
comparison, we found L1CAM expression in 10% of the stage I EECs, with HRs of 2.3 for
recurrences, 2.8 for distant recurrences, and 2.4 for death.
The number of lymphadenectomies performed in our study was slightly higher than in
the Zeimet study. The PORTEC study does not mention the exact number of lymphadenectomies, but it is described that routine lymphadenectomies were not performed,
and only suspicious nodes were removed. Patients in our study received radiotherapy,
especially external beam radiotherapy, more often than patients in the Zeimet study, but
less often than those in the PORTEC study. Patients in the PORTEC study more often had
a low-grade tumour and deep myometrial invasion that was related to the inclusion
criteria of the study. In the Zeimet study LVSI was present in a large number of carcinomas
compared with both our study and the PORTEC study.
It was hypothesised that a lower number of included grade 1 cases might explain the
higher number of L1CAM-positive cases in the Zeimet study.16 Although we show a strong
association between L1CAM expression and grade 3 histology, our study included even
fewer grade 1 cases, making it unlikely that this explains the difference in L1CAM
expression. As we show a strong association between the presence of L1CAM expression
and LVSI, it is possible that the high prevalence of LVSI in the Zeimet study is responsible
for the high number of L1CAM-positive cases, and the exceptionally strong association
between L1CAM expression and poor outcome they describe.
Several smaller studies included stage I EECs in addition to advanced-stage EECs and
NEECs. Unfortunately, both Van Gool et al and Geels et al did not analyse the value of
L1CAM expression specifically in the stage I EECs, making it impossible to compare our
findings with these studies.17, 18 Interestingly, Dellinger et al included a sizeable amount of
stage I EECs and analysed the association between mRNA expression of L1CAM and
prognosis, but were not able to validate the strong prognostic value of L1CAM expression.19
This might be explained by the fact that they considered all cases with an mRNA L1CAM
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expression above the median to be positive, resulting in a much higher proportion of
L1CAM-positive cases in their study compared with other L1CAM studies.

Prognostic value of L1CAM expression in advanced-stage
endometrioid carcinomas and non-endometrioid carcinomas
Several previous studies described the prognostic value of L1CAM expression in
advanced-stage EECs and NEECs. Fogel et al described L1CAM expression in all of the 10
included FIGO stage III and IV cases, but the histology was not mentioned, and 3 previous
studies described L1CAM expression in 73% of the 15, 58% of the 12, and 55% of the 20
included NEEC cases.7, 15, 16 We found L1CAM expression in 75% of the 104 NEEC cases.
Three studies included both advanced-stage EECs and NEECs and described the
association between L1CAM expression and clinicopathological variables, as well as
between L1CAM expression and outcome.17-19 Geels et al found an association between
L1CAM expression and high tumour grade and LVSI, Dellinger et al between L1CAM
expression and advanced FIGO stage, non-endometrioid histology, high tumour grade,
deep myometrial invasion, and nodal spread, and Van Gool et al between L1CAM
expression and non-endometrioid histology and high tumour grade, but not FIGO stage,
depth of myometrial invasion, and LVSI. In comparison, we found an association between
L1CAM expression and advanced FIGO stage, non-endometrioid histology, high tumour
grade, LVSI, and nodal spread. We found these associations in all three subgroups, but
unfortunately neither of these studies analysed the association between L1CAM and clinicopathological variables within the subgroups.
In addition, neither of these studies analysed the disease-free and overall survival
separately in the advanced-stage EECs and NEECs. Our subgroup analyses have shown
that there is indeed a strong association between L1CAM expression and poor outcome
in the advanced-stage EECs, but not in the NEECs, possibly because the presence of
non-endometrioid histology itself is a strong marker of poor prognosis, and the majority
were L1CAM positive. The fact that previous studies have combined the advanced-stage
EECs and the NEECs in the high-risk carcinoma group might therefore have influenced
their results, and additional studies are required to validate the prognostic value of L1CAM
expression separately in the advanced-stage EECs and the NEECs.
This study shows that there is a very strong association between L1CAM expression and
the presence of non-endometrioid histology. Up until now, p53 expression has been used
to identify NEECs, and whereas p53 is frequently expressed in serous carcinomas, it does
not play an important role in other NEECs.3 Previous studies reported p53 expression in
62–67% of all NEECs, whereas we found L1CAM expression in 75% of the NEECs, including
77% of the serous and 82% of the clear cell carcinomas.17, 21 Based on these findings
L1CAM expression appears to be the most powerful marker to identify NEECs described
to date.
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Interestingly, Van Gool et al did not find an association between L1CAM expression with a
cutoff of 10% and poor outcome in their cohort of high-risk carcinomas, including high-risk
stage I EECs, but did find this association when using a cutoff of 50%.17 We however did
find an association between L1CAM expression with a cutoff of 10% and poor outcome in
the advanced-stage EECs and NEECs, and preliminary analyses did not show a major
advantage of using a higher cutoff (data not shown). Using one cutoff in all subgroups
would be preferable, because having to determine the tumour histology, tumour grade,
and the depth of myometrial invasion before choosing the L1CAM cutoff would greatly
limit the clinical applicability.
It has to be noted that mixed carcinomas were included in the NEEC group of our study,
and pure non-endometrioid histology was more common in the L1CAM-positive cases.
There is a possibility that mixed cases with a large endometrioid component were
considered L1CAM negative in our study, even though L1CAM was expressed in over 10%
of the non-endometrioid component.

Relationship between these findings and the function of L1CAM
The L1CAM was shown to have several extracellular and intracellular functions in cancer,
both in an intact and cleaved form, as it has an influence on cell migration, cell survival,
angiogenesis, and tumour progression.22-28 It is known that epithelial-to-mesenchymal
transition (EMT) plays an important role in endometrial cancer invasion and metastasis.29
Several studies suggest that L1CAM expression induces an EMT-like transition that
increases the metastatic potential, without altering the invasive capabilities. Comparable
to EMT, expression of L1CAM was shown to be TGFβ and Slug dependent.30, 31 Moreover,
several studies have shown that intracellular L1CAM signalling activates NF-κB that was
shown to be essential for EMT and metastasis of breast cancer.32-34 In colorectal cancer cell
lines, L1CAM expression was shown to increase cell motility and liver metastasis, without
changes in expression of epithelial or mesenchymal markers. Introduction of major EMT
regulators changed expression of epithelial and mesenchymal markers, but did not
increase the metastatic potential.35 Many clinical studies have shown that there is a strong
association between L1CAM expression and metastasis in various cancer types.8-14 The
current study shows a comparable association between L1CAM expression and advanced
stage, lymph node involvement, and metastasis in both EECs and NEECs. Interestingly,
there was no strong association between L1CAM expression and myometrial and cervical
invasion, and although it was not scored separately in our study, the pathologists did not
notice a clear localisation of L1CAM at the invasive front of the carcinomas. These findings
are in accordance with the hypothesis that L1CAM induces EMT-like changes, but only
plays a role in metastasis, and not invasion.
However, several previous studies analysing the association between L1CAM expression
and clinicopathological variables present conflicting results concerning whether or not
there is an association between L1CAM expression and the presence of LVSI, deep
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myometrial invasion, and cervical invasion.15-19 Future studies focussing on the function of
L1CAM will likely provide more insight into the possible association between L1CAM and
these processes of invasion and metastasis.

Future perspectives
Accumulating data associating L1CAM expression in stage I EECs with a poor outcome
should have treatment implications. Moreover, this study shows that L1CAM expression in
advanced-stage EECs is associated with poor outcome as well, and there was a trend
towards more residual disease after treatment, in line with L1CAM expression in ovarian
carcinoma that has been associated with restricted tumour resectability.13 Although this
would seem to support the use of chemotherapy, L1CAM expression in other cancer types
has been shown to be associated with chemotherapy resistance.13, 26, 27 Given the fact
that a substantial number of advanced-stage EECs and the majority of the NEECs are
L1CAM positive, and a growing number of these carcinomas are treated with chemotherapy,
studying the issue of resistance of L1CAM-positive tumours to chemotherapy has a high
priority. In addition, the use of anti-L1CAM treatment might be an interesting future
option.36
This study also found a strong association between L1CAM expression and the presence
of other markers of poor prognosis, most notably non-endometrioid histology, grade 3
histology, and nodal disease. Once it is established that L1CAM expression in preoperative
biopsies is in accordance with final pathology, incorporation into currently used
preoperative prediction models might improve the selection of patients requiring a lymphadenectomy, and help pathologists to identify high-risk carcinomas, especially those
with non-endometrioid histology.
In light of the recently proposed subdivision of endometrial carcinomas into four
subgroups based on the molecular profile, it would be interesting to analyse the L1CAM
expression in these four groups.5 The studies of both Dellinger et al and Van Gool et al
looked at L1CAM expression in the mRNA data from the TGCA database, but unfortunately
they did not describe the expression of L1CAM relative to the four proposed subgroups.17,
19 If either L1CAM expression or the proposed genetic subdivision are to be used in the
future management of endometrial carcinomas, it is imperative to know how these
markers are related to each other.

Strengths and weaknesses
This is the largest study to date including all endometrial carcinoma types. Complete
surgical staging was performed in the majority of cases, limiting the risk of under diagnosis,
and a minimal follow-up of 36 months was required, limiting the risk of missing disease
recurrences and deaths. As this was a retrospective study, there has been no standardised
treatment protocol, and there is the risk for selection bias. There was no centralised
pathology review in this study, but all slides were from large referral hospitals with
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dedicated gynaecological pathologists. This makes the results of this study applicable to
daily practice in such hospitals.

Conclusion
In conclusion, this study shows the prognostic value of L1CAM expression in stage I EECs
and advanced-stage EECs, but not in NEECs. The expression of L1CAM was associated with
the presence of nodal disease, non-endometrioid histology, grade 3 histology, LVSI, and
with a high risk of distant disease recurrence. Implementation of L1CAM expression in
clinical practice could improve the postoperative selection of high-risk carcinomas. Both
the value of L1CAM expression in the preoperative selection of high-risk carcinomas and
the consequences of L1CAM expression on the use of and response to chemotherapy
should be studied.
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Abstract
Discrimination between low- and high-grade endometrial carcinomas (ECs) is clinically
relevant but can be challenging for pathologists, with moderate interobserver agreement.
Insulin-like growth factor-II mRNA-binding protein 3 (IMP3) is an oncofoetal protein that is
associated with non-endometrioid endometrial carcinomas but has been limited studied
in endometrioid carcinomas. The aim of this study is to investigate the diagnostic and
prognostic value of IMP3 in the discrimination between low- and high-grade ECs and its
added value to L1CAM.
IMP3 and L1CAM expression was assessed in tumors from 378 patients treated for EC at 1
of 9 participating European Network for Individualised Treatment of Endometrial Cancer
centers. IMP3 was expressed in 24.6% of the tumors. In general, IMP3 was more
homogeneously expressed than L1CAM. IMP3 expression was significantly associated with
advanced stage, non-endometrioid histology, grade 3 tumors, deep myometrial invasion,
lymphovascular space invasion, distant recurrences, overall mortality, and disease-related
mortality. Simultaneous absence of IMP3 and L1CAM expression showed the highest
accuracy for identifying low-grade carcinomas (area under the curve 0.766), whereas
simultaneous expression of IMP3 and L1CAM was strongly associated with high-grade
carcinomas (odds ratio 19.7; 95% confidence interval 9.2-42.2). Even within endometrioid
carcinomas, this combination remained superior to IMP3 and L1CAM alone (odds ratio
8.6; 95% confidence interval 3.4-21.9).
In conclusion, IMP3 has good diagnostic value and together with L1CAM represents the
optimal combination of diagnostic markers for discrimination between low- and
high-grade ECs compared to IMP3 and L1CAM alone. Because of the homogenous
expression of IMP3, this marker might be valuable in preoperative biopsies when
compared to the more patchy L1CAM expression.
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Introduction
Endometrial carcinoma (EC) is the most common gynecological cancer in developed
countries and the fourth most common after breast, lung, and colorectal cancer.1 Patients
with localized disease (International Federation of Gynaecology and Obstetrics 2009 stage
I and II) have a good prognosis, with a 5-year survival of 95%.1 However, when there is
regional disease spread, the 5-year survival rate is 69%, and in the presence of distant
metastases, it is only 17%.1 Contrary to the decreasing death rates for most cancers,
mortality for EC has increased since 2000.1
According to the WHO classification, ECs are divided into endometrioid (EECs) and non
endometrioid carcinomas (NEECs), including serous, clear cell carcinomas, carcinosarcomas,
and undifferentiated carcinomas.2 EECs comprise 80% and NEECs 20% of all carcinomas.
NEECs are high grade, have a more aggressive course, and subsequently have a worse
prognosis.3 EECs are graded from grade 1 to 3 primarily based on their percentage of solid
growth.2 All NEECs are considered to be grade 3 carcinomas.2 Grade 3 EECs and NEECs are
classically differentiated based on morphological characteristics yet with only moderate
inter- and intraobserver agreement.4, 5 A 7-marker immunohistochemical panel was
demonstrated to discriminate grade 3 EEC from serous carcinoma with a 100% concordance
rate in a series of 116 cases.4 L1 cell adhesion molecule (L1CAM) has consistently shown to
be a strong prognostic biomarker for identification of patients with poor outcome and is
more frequently expressed in NEECs. Although L1CAM is very good in identification of
NEECs, only 14%-40% of the grade 3 EECs express L1CAM.6-8 Because grade 3 EECs have
comparable aggressive tumor behavior as NEECs and both need more extensive surgery, the
clinical need is mainly to improve identification of high-grade EC.9-14 Insulin-like growth
factor-II mRNA-binding protein 3 (IMP3), also known as L523S or KOC (K-homologous
domain-containing protein overexpressed in cancer), is an oncofetal protein that plays a
role in tumor growth, migration, and invasion.15 It is a member of a family of RNA-binding
proteins consisting of IMP1, IMP2, and IMP3.16 IMP3 is described as a diagnostic and
prognostic biomarker in different types of cancer and as a possible therapeutic target.17-20
In ECs, IMP3 was shown to be more frequently expressed in NEEC, mainly serous
carcinomas.21-24 Although the expression of IMP3 in NEECs might be clinically relevant,
expression in EECs has been limited studied.21-25 Our hypothesis was that IMP3 could
contribute to the identification of high-grade EEC in addition to L1CAM and therefore
improve discrimination between low- and high-risk ECs. The aim of this study is to
investigate the diagnostic and prognostic value of IMP3 in the discrimination between
low- and high-grade ECs and its added value to L1CAM.
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Materials and methods
Patients
Of 1199 patients from a previously described European Network for Individualised
Treatment of Endometrial Cancer collaboration study cohort, 400 were randomly
selected.6 The randomly selected patients were not statistically different from the original
cases for all variables shown in Table 1. Of these 400 selected patients, 19 patients were
excluded because no more blank slides were available, and 3 patients were excluded after
immunohistochemical staining due to lack of EC tissue. In total, 378 patients were included
in the present study. The cohort consists of patients treated for an EC at one of the
collaborating European Network for Individualised Treatment of Endometrial Cancer
centers. Only patients with tumors diagnosed by a dedicated gynecological pathologist with
complete data on treatment and pathology, including follow-up data of at least 36 months,
were selected. Clinical and pathological data were recorded from the patient files into a
database.

Tissue and staining
Blank 4-μm–thick sections were cut from formalin-fixed, paraffin-embedded tissue blocks
and were sent to the Radboud university medical center. After antigen retrieval, achieved
with the Thermo Scientific PT Module (Waltham, MA, USA) in EDTA pH 9 for 10 minutes
and endogenous peroxidase blocking, slides were incubated with IMP3 antibody (Clone
69.1, Dako, Glostrup, Denmark, dilution 1:50). They were subsequently incubated with
PowerVision+ Poly-HRP and visualized with PowerVision DAB substrate solution (Leica
Biosystems, Buffalo Grove). Finally, the slides were counterstained with hematoxylin,
dehydrated, and mounted. L1CAM staining was performed as described previously.6

Scoring
Slides stained for IMP3 were scored semiquantitatively. The final score was the product of
the staining intensity and staining area scores of the cytoplasmic staining. Staining
intensity was graded from 0 (no staining) to 3 (strong staining) (Fig. 1). The area was scored
as 0 (no tumor cells positive), 1 (<10% of the tumor cells positive), 2 (10%-50% of the tumor
cells positive), and 3 (>50% of the tumor cells positive). Scoring was independently
performed by 2 investigators (N. C. M. V. and A. E.). In case of disagreement, the case was
discussed, and a consensus score was determined. For IMP3, a staining index of ≥4 was
considered as positive.25 L1CAM membranous expression was scored as previously
described, and L1CAM was considered to be positive in case of >10% stained tumor cells.6
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Figure 1 IMP3 staining intensities. (A) negative; (B) weak; (C) moderate; (D) strong.

Statistical analysis
Clinicopathological differences between IMP3-negative and -positive tumors were
calculated with χ2 and Fisher exact tests for categorical and the Mann-Whitney U test for
continuous variables. Interobserver variability for IMP3 score was calculated using Cohen κ.
To investigate the diagnostic value of IMP3 and its added value to L1CAM, a receiver
operating characteristic (ROC) curve was constructed for the discrimination between lowand high-grade ECs based on IMP3 and L1CAM expression. Low-grade ECs were defined
as histological grade 1 or grade 2 differentiated endometrioid carcinomas, and high-grade
ECs were defined as histological grade 3 differentiated endometrioid carcinomas and all
non-endometrioid carcinomas. The sensitivity, specificity, positive predictive value,
negative predictive value, and the area under the ROC curve (ROC AUC) were calculated.
Binary logistic regression was used to calculate odds ratios (ORs) and 95% confidence
interval (CI) for discrimination between low- and high-grade ECs.
Subsequently, we performed the same analyses within the subgroup of patients with
endometrioid ECs and for the discrimination between endometrioid and non-endometrioid
carcinomas.
To analyze the prognostic value, hazard ratios (HRs) and 95% CI for 5-year overall
and recurrence-free survival in relation to IMP3 and L1CAM expression were calculated
using Cox regression analysis.
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A P < 0.05 was considered to be significant for statistical differences. SPSS version 21 (SPSS
IBM, Armonk, NY) statistical software was used to perform the statistical analyses.

Ethical approval
The study was approved by the institutional review board of all participating centers.

Results
Clinicopathological characteristics of the 378 included patients are shown in Table 1,
as well as characteristics of patients separated according to IMP3 and L1CAM expression.
Of the 378 included patients, 346 had an EEC and 32 an NEEC. Of the patients with an
NEEC, the primary non-endometrioid component was serous in 19 patients, clear cell in 8,
carcinosarcoma in 4, and undifferentiated in 1 patient.

Expression of IMP3 and L1CAM
There was a substantial agreement in IMP3 scoring between the 2 observers (κ = 0.78).
IMP3 was expressed in 24.6% (n = 93) of the tumors. IMP3 expression was significantly
associated with advanced stage, non-endometrioid type, grade 3 tumors, deep myometrial
invasion, lymphovascular space invasion, distant recurrences, overall mortality, and disease-
related mortality (Table 1).
IMP3 expression was observed in 15% of the grade 1 and 2 EECs, 46% of the grade 3 EECs,
and 84% of the NEECs (Table 2). Within the different subgroups of NEECs, 84% of the serous
carcinomas, 75% of clear cell carcinomas, and all carcinosarcomas and undifferentiated
carcinomas were positive for IMP3. L1CAM expression was present in 8% of the grade 1
and 2 EECs, 32% of the grade 3 EECs, and 78% of the NEECs.
Most IMP3-negative tumors were also negative for L1CAM (93%) (Table 2). Of the IMP3positive tumors, 45% showed L1CAM expression, whereas 55% were L1CAM negative.
These IMP3-positive, L1CAM-negative tumors were mainly endometrioid tumors (88%)
with low stage (88%) and low grade (71%). Examples of positive and negative tumors are
illustrated in Fig. 2. In general, IMP3 showed a more homogeneous expression pattern
compared to L1CAM, which more often showed a patchy expression (Fig. 2J-L).

Diagnostic value
High-grade ECs more frequently express IMP3 (63%) than L1CAM (52%). Absence of both
IMP3 and L1CAM expression was associated with low-grade EC (OR 11.0; 95% CI 6.1-19.9)
and showed the highest AUC for discriminating between low- and high-grade ECs (AUC
0.766) (Table 3). In case a tumor was negative for both IMP3 and L1CAM, there was a 93%
chance the EC was low grade. A combination with 1 positive marker and 1 negative
marker had less diagnostic value, both within a combination of EECs and NEECs and
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280
5
258
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198
87
168
27
90
6
28
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16
32
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319
59

346
32

305
41

248
130

214
53
111

11
43
23
29
51
30

(2%)
(10%)
(7%)
(6%)
(11%)
(5%)

(59%)
(10%)
(32%)

(69%)
(31%)

(92%)
(8%)

(98%)
(2%)

(88%)
(12%)

(62%)
(6%)
(42%)
(6%)

285
(75%)
63 (range 31-87)
62 (range 1-194)

236
20
167
32

378
63 (range 31-88)
61 (range 1-205)

IMP3-

5
15
4
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19
15

46
26
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50
43

47
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66
27

67
26

59
9
47
16

(5%)
(17%)
(5%)
(15%)
(20%)
(16%)

(49%)
(28%)
(23%)

(54%)
(46%)

(71%)
(29%)

(71%)
(29%)

(72%)
(28%)

(63%)
(15%)
(51%)
(17%)

93
(25%)
64 (range 37-88)
57 (range 6-205)

IMP3+

189
12
136
21
283
34
310
7
282
28
219
98
193
32
92
4
30
20
18
32
16

<0.001c
<0.001c
<0.001c
0.008c
<0.001c

0.148
0.087
0.615
0.011c
0.035c
0.002c

(1%)
(10%)
(6%)
(6%)
(10%)
(5%)

(61%)
(10%)
(29%)

(69%)
(31%)

(91%)
(9%)

(98%)
(2%)

(89%)
(11%)

(60%)
(6%)
(43%)
(7%)

7
13
3
11
19
14

21
21
19

29
32

23
13

36
25

36
25

47
8
31
11

(12%)
(24%)
(6%)
(20%)
(31%)
(23%)

(34%)
(34%)
(31%)

(48%)
(53%)

(64%)
(36%)

(59%)
(41%)

(59%)
(41%)

(77%)
(17%)
(51%)
(18%)

61
(16%)
69 (range 43-88)
54 (range 4-185)

317
(84%)
62 (range 31-87)
62 (range 1-205)

0.109
0.221
0.902
0.054
0.186
0.001c

L1CAM+

L1CAM-

Pa

FIGO, International Federation of Gynaecology and Obstetrics; EEC, endometrioid endometrial carcinoma; LVSI, lymphovascular space invasion.
a P-value for χ 2 test for categorical variables. For nominal variables Mann-Whitney U test was performed.
b Median follow-up including deceased patients.
c Statistically significant.

No. of patients
Median age (y)
Median follow-upb (mo)
Treatment
Lymphadenectomy
Positive nodes
Radiotherapy
Chemotherapy
FIGO 2009 stage
Stage I
Stage II-IV
Histology
Endometrioid
Non-endometrioid
Grade (only EEC)
1 or 2
3
Myometrial invasion
<1/2
≥1/2
LVSI
No
Yes
Unknown
Outcome
Residual disease
Recurrence
Locoregional
Distant
Deceased
Endometrial cancer

All

Table 1 Clinicopathological characteristics.

<0.001c
0.002c
0.815
0.001c
<0.001c
<0.001c

<0.001c

0.001c

<0.001c

<0.001c

<0.001c

0.010c
0.035c
0.318
0.007c

<0.001c
0.020c

Pa
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Figure 2 IMP3 and L1CAM expression, representative cases. A-C, Grade 1 EEC with negative
IMP3 (B) and L1CAM (C) staining; (D-F) grade 3 EEC with positive IMP3 (E) and negative
L1CAM (F) staining; (G-I) mixed carcinoma with EEC component negative for both IMP3
and L1CAM (H and I) and clear cell component positive for both IMP3 and L1CAM (H and
I); (J-L) serous carcinoma (SC) with homogeneous expression of IMP3 (K) and patchy
expression of L1CAM (L).
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Table 2 IMP3 and L1CAM expression in different subgroups.
EEC grade 1-2

EEC grade 3

NEEC

Total

IMP3+/L1CAM+

IHC marker

11 (26%)

10 (24%)

21 (50%)

42

IMP3+/L1CAM-

36 (71%)

9 (18%)

6 (12%)

51

3 (16%)

4 (21%)

19

1 (0.4%)

266

IMP3-/L1CAM+

12 (63%)

IMP3-/L1CAM-

246 (93%)

19 (7%)

NEEC, non-endometrioid endometrial carcinoma; EEC, endometrioid endometrial carcinoma.

Table 3 Logistic regression analysis of the prediction of low- and high-grade
endometrial carcinoma in all included patients.
IHC marker

OR

95% CI

Sensitivity Specificity PPV

NPV

ROC
AUC

Positive
level

IMP3+

9.4a

5.3-16.5

63%

85%

50%

91%

0.738

Grade 3

L1CAM+

13.3a

7.1-24.9

52%

93%

62%

89%

0.723

Grade 3

IMP3+/L1CAM+

19.7a

9.2-42.2

43%

96%

74%

88%

0.694

Grade 3

IMP3+/L1CAM-

1.9

0.99-3.8

21%

88%

29%

82%

0.544

Grade 3

IMP3-/L1CAM+

2.6

0.98-6.8

10%

96%

37%

82%

0.528

Grade 3

IMP3-/L1CAM-

11.0a

6.1-19.9

81%

73%

93%

47%

0.766

Grade 1-2

3

PPV, positive predictive value; NPV, negative predictive value; ROC AUC, area under the receiver-operating
characteristic curve.
a Statistically significant.

within the subgroup of EECs (Table 3). A combination of both IMP3 and L1CAM expression
was strongly associated with high-grade EEC and NEEC (OR 19.7; 95% CI 9.2-42.2). Results
for the different combinations of IMP3 and L1CAM within the subgroup of EECs were
comparable. Within the subgroup EECs, combined IMP3 and L1CAM expression was
strongly associated with high-grade EC (OR 8.6; 95% CI 3.4-21.9).
For differentiating between EECs and NEECs, both a combination of IMP3 and L1CAM and
use of IMP3 and L1CAM individually were accurate markers (Supplementary Table S1).
A combination of negative IMP3 and negative L1CAM expression showed both a very high
positive predictive value for diagnosing EEC (100%) and a high negative predictive value
(72%), and was better than L1CAM alone (Supplementary Table S1). Results for discrimination
between EECs and NEECs within high-grade EC were comparable.

Prognostic value
Overall, patients with tumors expressing IMP3 showed a reduced 5-year overall survival
(HR 2.0; 95% CI 1.1-3.8) without a significant difference in recurrence-free survival (HR 1.9;
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95% CI 0.97-3.6). Tumors expressing L1CAM showed both a reduced overall survival (HR 4.7;
9% CI 2.5-8.7) and recurrence-free survival (HR 2.8; 95% CI 1.4-5.6).
However, within the subgroup of patients with stage I EECs, neither IMP3 (HR 1.2; 95% CI
0.5-3.4) nor L1CAM (HR 1.4; 95% CI 0.4-4.9) showed a significant difference in recurrence-free and overall survival (HR 1.1; 95% CI 0.3-3.9 and HR 2.4; 95% CI 0.7-8.4, respectively).
In addition, within the subgroup of patients with low-grade EECs, neither IMP3 (HR 0.9;
95% CI 0.3-3.1) nor L1CAM (HR 0.6; 95% CI 0.1-4.6) showed a significant difference in recurrence-free and overall survival (HR 0.8; 95% CI 0.2-3.5 and HR 1.8; 95% CI 0.4-7.7, respectively).

Discussion
In this large multicenter study, we showed that IMP3 has additional value as diagnostic
biomarker in ECs. Combination of IMP3 and L1CAM expression was demonstrated to be
superior to IMP3 and L1CAM alone for the discrimination between low- and high-grade ECs.
IMP3 is a novel marker that was reported to be more frequently expressed in serous
compared to EECs.21-24 In 3 studies that evaluated 118, 122, and 311 EECs, respectively,
IMP3 expression was more often found in high-grade EECs compared (20%-39%) to
low-grade EECs (3%-9%), which is in line with the results of our study where we found
expression in 46% and 15% of the high- and low-grade EECs, respectively.21, 22, 25 Both
Mhawech-Fauceglia et al (2013) and Li et al used a combination of intensity and percentage
of positive cells.22, 25 However, 1 study did not find a relation between IMP3 expression
and grade in EECs.24 This conflicting result might be explained by the limited amount of
patients with EEC in the latter study (n = 57) and the different scoring system used (≥5%
staining scored as positive).24
During the last years, more and more diagnostic and prognostic markers, such as estrogen
receptor, progesterone receptor, and p53 have been studied in ECs.26 Recently, L1CAM has
established its role as a prognostic biomarker in ECs.6, 27-29 Dellinger et al have studied
L1CAM gene expression in The Cancer Genome Atlas RNA-seq dataset and have shown
that L1CAM gene expression is an independent predictor of poor survival in EC patients.30
IMP3 is a relatively new marker, and it has not been extensively studied in EECs. Although
the pathophysiological mechanisms of L1CAM and IMP3 are quite different, both show
increased expression in NEECs and are associated with aggressive tumor characteristics.6,
15, 16, 27-29, 31 Previous studies have analyzed the relationship between L1CAM, p53, estrogen
receptor, and progesterone receptor but focused on prognostic rather than diagnostic
capacity.7, 32 To our knowledge, this is the first study investigating the added value of IMP3
to L1CAM as diagnostic biomarker. We have shown that combining these 2 biomarkers
significantly improves the discrimination between low- and high-grade ECs in the
present study cohort compared to both markers individually.
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NEECs and high-grade EECs require more extensive surgical treatment than low-grade
EECs, which means that distinguishing low- and high-grade ECs is highly clinically relevant.
Discrimination between low- and high-grade ECs based on morphology alone can be
challenging for pathologists, with only a moderate interobserver agreement in EECs.33-35
Addition of immunohistochemical stainings might improve this agreement. Because
L1CAM is expressed in only 14%-40% of the grade 3 EECs, this is a limitation in its use for
identification of all patients with high-grade carcinomas.6-8 Even with some overlap in
IMP3 and L1CAM expression, we found more IMP3 expression in both grade 3 EECs and
NEECs compared to L1CAM. The present study has shown that the combination of IMP3
and L1CAM expression is most optimal to discriminate between low- and high-grade ECs.
IMP3-negative, L1CAM-negative tumors were 11 times more likely to be low grade than
ECs expressing 1 or both of these markers. These findings remained the same when NEECs
were excluded. The high positive predictive value of this combination might be useful in
selecting patients that do not require extensive surgery or adjuvant therapy.
Although a combination of IMP3 and L1CAM is optimal to discriminate between low- and
high-grade ECs, this combination showed comparable results with L1CAM for discrimination
between EECs and NEECs. However, because patients with high-grade EECs NEECs have
comparable outcome, discrimination between low- and high-grade ECs is more clinically
relevant than the discrimination between EECs and NEECs.9-12
Current results are based on the hysterectomy specimen, whereas the surgical treatment
is determined on the preoperative histological diagnosis. Overall, there is only 67%
agreement concerning tumor grade between preoperative endometrial sampling and
final diagnosis.36 Addition of immunohistochemistry might help differentiating between
low- and high-risk patients preoperatively. The immunohistochemical stains in the current
study were performed on whole slide, whereas most previous studies on the prognostic
value of IMP3 have used tissue microarray.21, 23, 25 Based on preliminary data of own
research, IMP3 showed a more homogeneous expression than L1CAM. The more
homogeneous expression might be important in case of staining on preoperative
biopsies. Therefore, IMP3 might be valuable in identification of high-risk patients on
preoperative histology.
The strength of this study is the large number of included patients of different grades and
types, and the median follow-up of 61 months (range 1-205 months). This long follow-up
minimized the chance of missing recurrences and deaths.
A limitation of this study is the retrospective design which could cause a selection bias.
We did not find additional prognostic value of IMP3. In contrast to the previous study, we
did not find a prognostic value of L1CAM in patients with stage I EECs in this randomly
selected cohort of 400 patients out of 1199 from the original study cohort.6 Therefore, the
lack of prognostic value of IMP3 in this study might be because of selection bias or the
limited number of patients.
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The histology was not revised centrally. However, all participating pathologists were
dedicated gynecological pathologists. Whether this is a limitation or strength could be
debated. By using the local histological diagnoses, the results of this study are applicable
to daily practice in hospitals which employ dedicated pathologists.

Conclusions
In conclusion, IMP3 has good diagnostic value and together with L1CAM represents the
optimal combination of diagnostic markers for discrimination between low- and
high-grade ECs compared to IMP3 and L1CAM alone, regardless of histological type.
Because of the homogenous expression of IMP3, this marker might be valuable in
preoperative biopsies when compared to the more patchy L1CAM expression.
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Table S1 Logistic regression analysis of the prediction of endometrioid and non-endometrioid carcinoma in all included patients.
IHC marker

OR

95% CI

Sensitivity Specificity PPV

NPV

ROC
AUC

Positive
level

IMP3+

22.9a

8.5-61.7

84%

81%

29%

98%

0.826

NEEC

L1CAM+

30.8a

12.4-76.1

78%

90%

41%

98%

0.839

NEEC

IMP3+/L1CAM+ 29.5a

12.6-69.3

66%

94%

50%

97%

0.798

NEEC

IMP3+/L1CAM-

1.5

0.6-4.0

19%

87%

12%

92%

0.529

NEEC

IMP3-/L1CAM+

3.2

0.98-10.1

13%

96%

21%

92%

0.541

NEEC

IMP3-/L1CAM-

101.4a 13.6-754.5 77%

97%

100% 28%

0.867

EEC

OR, odds ratio; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; ROC AUC,
area under the receiver-operator characteristic curve; NEEC, non-endometrioid endometrial carcinoma; EEC,
endometrioid endometrial carcinoma.
aStatistically significant.
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Abstract
Vascular invasion (VI) is a well-established marker for lymph node metastasis and outcome
in endometrial cancer. Our study explored whether specific types of VI, defined as
lymphatic (LVI) or blood vessel invasion (BVI), predict pattern of metastasis.
From a prospectively collected cohort, we conducted a case–control study by selecting
three groups of endometrial cancer patients (n = 183): 52 with positive lymph nodes at
primary surgery, 33 with negative nodes at primary surgery and later recurrence and
death from disease, and 98 with negative nodes and no recurrence. All patients underwent
hysterectomy with lymphadenectomy. Immunohistochemical staining with D2-40 and
CD31 antibodies was used to differentiate between BVI and LVI.
By immunohistochemical staining, detection of VI increased from 24.6 to 36.1% of the
cases. LVSI was significantly more often seen in patients with positive lymph nodes
compared with patients with negative nodes (p = 0.001). BVI was significantly more often
seen in node-negative patients with recurrence compared with node-negative patients
without recurrence (p = 0.011). In multivariable analysis, BVI, age, and tumor grade were
predictors separating patients with and without recurrence. Lymph node–positive
patients showed more often LVI compared with lymph node–negative patients, while BVI
seems to be a predictor for recurrent disease.
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Introduction
Endometrial cancer is the most common gynecologic malignancy in industrialized
countries.1 The incidence is rising, mainly due to increased life expectancy and obesity.2
Although the majority of patients are diagnosed at an early stage, still a significant number
of patients die from the disease.3 To facilitate individualized and more targeted therapy,
development of predictive and prognostic markers is crucial.
Vascular invasion (VI), comprising both lymphatic (LVI) and blood vessel invasion (BVI), is an
essential step in the invasion-metastasis cascade, and an important prognostic factor in
many types of cancer. In several cancer types, such as ovarian, cervical, colorectal, lung,
and breast cancer, the independent prognostic impact of LVI and BVI has been
demonstrated, with BVI correlating with distant spread and worse outcome.4-8 However,
in endometrial cancer, only a few studies have studied the prognostic value of LVI and BVI,
and these studies report somewhat contradictory results.9-12 Detection of VI can be a
diagnostic challenge for pathologists, to determine whether VI is present and distinguish
it from mimickers like retraction artifacts. To the best of our knowledge, the relationship
between type of VI and metastatic pattern in endometrial cancer has not been previously
published. Several studies in endometrial cancer have shown an increased detection rate
of VI by using immunohistochemistry compared with evaluation of hematoxylin and
eosin (H&E)-stained slides.11, 12 Despite this, in current clinical practice, assessment of VI is
mostly based on evaluation of H&E-stained slides.
On this background, we investigated the potential added value of immunohistochemistry
to differentiate between LVI and BVI in endometrial cancer. Furthermore, we investigated
whether differentiating between LVI and BVI could predict metastatic pattern (local vs
distant spread).

Material and methods
Patients
Patients were selected from a prospectively collected population-based cohort of
patients with endometrial cancer with long and complete follow-up, as previously
published.13, 14 We selected three groups of patients based on outcome, all treated at
Haukeland University Hospital in Bergen, Norway, between 2001 and 2013. All patients
underwent hysterectomy with lymphadenectomy, and the treatment was consistent with
standard protocols. All patients were surgically staged according to the International
Federation of Gynecology and Obstetrics (FIGO) 2009 criteria. For the first group, we
selected 52 consecutive patients with endometrial cancer treated with hysterectomy with
positive pelvic and/or para-aortal lymph nodes at primary surgery (LN+). For the second
group, we selected 33 consecutive patients treated with hysterectomy with negative
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pelvic and/or para-aortal lymph nodes at primary surgery, who suffered recurrence and
death from disease (LN-R+). For the third group, we selected 98 consecutive patients with
negative lymph nodes at primary surgery, who were still alive without recurrence (LN-R−).
For the groups with negative lymph nodes, only patients with at least 10 negative lymph
nodes were included. We excluded patients with no tissue blocks available for further
immunohistochemical analysis (n = 8). Altogether 183 patients were included in this study.

Tissue samples
All available slides from the hysterectomy specimens were examined, and the following
histopathologic features were evaluated based on H&E-stained sections: histological type,
histological grade (according to International Federation of Gynecology and Obstetrics,
FIGO).15, necrosis, growth pattern, VI, and myometrial invasion. Growth pattern was
recorded as either expansive with pushing borders or diffusely infiltrative.16 Tumor cell
necrosis was defined as areas of necrotic tumor immediately adjacent to viable tumor.16 VI
based on H&E, comprising both LVI and BVI, was considered to be present when tumor
cells were noted within, or attached to, the wall of lymphovascular spaces lined by
flattened endothelial cells.17 VI was registered entirely outside the tumor field. Artefactual
VI was considered in cases with marked tumor autolysis, disproportionate vascular invasion
to the stage, and grade of the tumor and if the vessels involved were predominantly in
the outer myometrium with tumor smeared on the serosa.18 Myometrial invasion was
scored as ≤50% or >50% of the myometrial wall. Further, for immunohistochemical
studies, one representative block from each primary tumor in the hysterectomy specimen
was selected. For cases scored as VI negative, we used the block with the deepest tumor
invasion.

Immunohistochemistry
The immunohistochemical staining for assessment of VI was performed on 5-μm sections
of formalin-fixed, paraffin-embedded (FFPE) tissue. We used the D2-40 antibody (M3619;
dilution 1:100; Dako, Glostrup, Denmark) and CD31 antibody clone JC70A (M0823; dilution
1:50; Dako) for lymphatic and blood vessel staining, respectively. Sections were
deparaffinized in xylene and rehydrated. For D2-40, antigen retrieval was achieved by
microwave oven procedure in Tris–EDTA buffer pH 9 (Dako) for 20 min. For CD31, antigen
retrieval was achieved by microwave oven procedure in citrate buffer pH 6.1 (Dako) for
20 min. Endogenous peroxidase was blocked with DAKO Peroxidase-Blocking Solution.
The sections were then incubated with the primary antibody for 60 min at room
temperature. The sections were incubated and stained with the mouse EnVision Kit (Dako)
with diaminobenzidine (DAB) as the chromogenic peroxidase substrate. Finally, the
sections were counterstained with hematoxylin (Dako). As previously described, LVI was
recorded when a vessel showed positivity for D2-40 and BVI was recorded when a vessel
was positive for CD31 and negative for D2-40 (Fig. 1).11 All slides were examined by the
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primary investigator (NV), blinded for clinicopathological information, outcome, and the
H&E-staining-based evaluation of the presence or absence of VI. VI was recorded as
present or absent regardless of number of vessels affected. In cases with uncertainty,
cases were discussed with a senior gynecologic pathologist (IS) and consensus reached.

Statistical analysis
To compare groups, Pearson’s chi-square test and Fisher’s exact test were used for
categorical variables and Kruskal–Wallis test for continuous variables. Multivariable logistic
regression analysis with forward stepwise selection was performed. Variables were
included in the selection procedure if the p-value in univariable analysis was <0.20.
A p-value of <0.05 was considered to indicate statistical significance. All tests were
two-sided. Statistical analyses were performed using the Statistical and Data management
package IBM SPSS Statistics for Windows, Version 22.0 (IMB Corp, Released 2013, Armonk,
NY, USA).

H&E

D2-40

CD31

LVI

4
40 μm

BVI

40 μm

Figure 1 Tumors with lymphatic vessel invasion (LVI) (A-C) show positivity for D2-40 and
mostly negativity for CD31. Tumors with blood vessel invasion (BVI) (D-F) show negativity
for D2-40 and positivity for CD31.
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Results
Clinicopathological features
Table 1 shows the clinicopathological features of the included patients. For the whole
group, the median age of the patients at primary treatment was 64.0 years (range 35–93),
while the median follow-up time was 61 months (range 1–135 months). There were
significant differences between the three groups regarding age, follow-up time, tumor
type and grade, myometrial invasion, necrosis, growth pattern, and FIGO stage as shown
in Table 1, due to their selection criteria. Patients with positive lymph nodes had significantly
more often deep myometrial invasion (>50%) compared with patients with negative
nodes (p < 0.001) and higher FIGO stage (p < 0.001). Patients with negative lymph nodes
at primary diagnosis and later recurrence had significantly more often deep myometrial
invasion (p = 0.011), higher FIGO stage (p = 0.042), higher tumor grade (p < 0.001), and
non-endometrioid histology (p < 0.001) compared with patients with negative lymph
nodes at primary diagnosis without recurrence.
Of the patients with positive lymph nodes at primary diagnosis, 21 (37.5%) had progression
of metastatic disease detected at primary diagnosis, 4 (7.7%) developed locoregional
recurrence, and 15 (28.8%) were initially considered tumor free but had metastatic disease
detected during follow-up. In patients with negative lymph nodes at primary diagnosis
and later recurrence, 9 (17.3%) developed locoregional recurrence and 24 (72.7%) distant
recurrence. Of the lymph node–positive patients, 50.0% died from disease, 5.4% died from
other causes and 44.6% was alive at last follow-up.

Immunohistochemistry for detection of vascular invasion
VI based on H&E staining was observed in 45 cases (24.6%) and the detection rate
increased to 66 cases (36.1%) by using immunohistochemistry. We could not confirm VI by
immunohistochemistry in two (4.4%) cases that were positive on H&E staining. Of all cases
with VI by immunohistochemical staining, 54 cases (29.5%) showed LVI only, seven (3.8%)
showed BVI only, and five (2.7%) showed both BVI and LVI. Of the 23 additional cases with VI
detected by immunohistochemistry, the majority had only LVI (78.3%), 13% had only BVI,
and 8.7% had both lymphatic and BVI. Of these 23 cases missed by H&E, seven were in the
positive nodes at primary diagnosis group (7/52, 13.5%), eight in negative nodes with later
recurrence group (7/33, 21.2%), and nine in the negative nodes without recurrence group
(9/98, 9.2%).

Lymph node status
Lymph node–positive patients had significantly more often VI based on H&E slides (55.8%)
compared with both lymph node–negative patients with recurrence (18.2%) and without
recurrence (10.2%) (p = 0.001 and p < 0.001, respectively) (Table 2). Lymph node–positive
patients also had significantly more often LVI, assessed by immunohistochemistry, compared

90

VASCULAR INVASION IN ENDOMETRIAL CANCER

Table 1 Clinicopathological characteristics of patients treated for endometrial cancer (n=183).

Median age in years (range)
Median follow-up time in months (range)
Median number of nodes (range)
Tumor type
Endometrioid
Non-endometrioid
Tumor grade
1-2
3
Myometrial invasion
≤50%
>50%
Necrosis
No
Yes
Growth pattern3
Pushing border
Diffusely infiltrative
FIGO stage 4
I-II
III-IV

p-value1

LN+ (n=52)

LN-R+ (n=33) LN-R- (n=98)

n

%

n

%

n

%

65
35
14

42-93
1-135
1-50

70
29
21

46-84
5-105
10-38

62
66
15

35-85 <0.0012
48-130 <0.0012
10-37 0.0012

29
23

55.8
44.2

13
20

39.4
60.6

90
8

91.8
8.2

<0.001

17
35

32.7
67.3

7
26

21.2
78.8

82
8

91.1
8.9

<0.001

7
45

13.5
86.5

17
16

51.5
48.5

71
27

72.4
27.6

<0.001

19
33

36.5
63.5

18
15

54.5
45.5

65
33

66.3
33.7

0.002

26
26

50.0
50.0

24
6

80.0
20.0

73
23

76.0
24.0

0.002

0
52

0.0
100.0

30
3

90.9
9.1

97
1

70.8
1.0

<0.001

LN+, positive lymph nodes at primary surgery; LN-R+, negative lymph nodes at primary surgery and later
recurrence; LN-R-, negative lymph nodes at primary surgery without recurrence.
1 Pearson’s chi-square unless otherwise stated, p-values are for overall comparisons.
2 Kruskal-Wallis test.
3 Information available for 178 patients.
4 FIGO 2009.

with both groups of node-negative patients (p = 0.001 and p < 0.001, respectively).
Necrosis was observed significantly more often in patients with positive lymph nodes
compared with lymph node–negative patients without recurrence (p < 0.001), but not
compared with lymph node–negative patients with recurrence (p = 0.103), not shown in
table. Diffusely infiltrative growth pattern was observed significantly more often in
patients with positive lymph nodes compared with both lymph node–negative patients
with recurrence and without recurrence (p = 0.007 and p = 0.001, respectively) not shown
in table.
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Table 2 Differences in vascular invasion by H&E and IHC between LN+, LN-R+
and LN-R- patients.
LN+
(n=52)

LN-R+
(n=33)

LN-R(n=98)

n

n

%

n

%

%

Overall
p-value1

LN+ vs.
LN-R+1

LN+ vs.
LN-R-1

LN-R+ vs.
LN-R-1

<0.001

0.001

<0.001

0.2312

<0.001

0.011

<0.001

0.014

<0.001

0.001

<0.001

0.216

0.018

0.5012

0.0492

0.0112

Vascular invasion (H&E alone)
No

23

44.2

27

81.8

88

89.8

Yes

29

55.8

6

18.2

10

10.2

Vascular invasion (H&E and IHC)
No

17

32.7

20

60.6

80

81.6

Yes

35

67.3

13

39.4

18

18.4

LVI (IHC)
No

19

36.5

24

72.7

81

82.7

Yes

33

63.5

9

27.3

17

17.3

BVI (IHC)
No

47

90.4

28

84.8

96

98.0

Yes

5

9.6

5

15.2

2

2.0

H&E, hematoxylin and eosin; IHC, immunohistochemistry; LVI, lymphatic vessel invasion; BVI, blood vessel invasion.
1 Pearson’s chi-square unless otherwise stated.
2 Fisher’s exact test.

Blood vessel invasion
In the whole study population, BVI, assessed by immunohistochemistry, was seen in 12
cases (6.6%); five in the lymph node positive at diagnosis group, five in the lymph node
negative at diagnosis group who developed recurrence and died from disease, and two in
the lymph nodes negative at diagnosis group without recurrence (Table 2).
Eight cases of 12 (66.7%) with BVI, assessed by immunohistochemistry, had distant metastases;
three of these patients had progression of metastatic disease detected at primary
diagnosis, whereas five were initially considered tumor free but had metastatic disease
detected during the follow-up (median time 17 months, range 7–42). One patient with BVI
(8.3%) had local (vaginal) recurrence during follow-up, one had regional tumor spread at
primary diagnose (8.3%), and two patients with BVI did not develop recurrence (16.7%).

Recurrence
In the lymph node–negative groups, patients with recurrence showed BVI, assessed by
immunohistochemistry, significantly more often compared with patients without
recurrence (15.2 vs 2.0%, p = 0.011; Table 2). Most of the patients with negative nodes and
recurrence had distant metastases (72.7%). Twelve patients had localization of metastasis
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Table 3 Univariable and multivariable analysis for prediction of recurrence and death of
disease in patients with negative lymph nodes at diagnosis.

Age
≤ 65 years
> 65 years
Tumor type
Endometrioid
Non-endometrioid
Tumor grade
1-2
31
Myometrial invasion
≤50%
>50%
Vascular invasion (H&E alone)
No
Yes
Vascular invasion (H&E and IHC)
No
Yes
LVI (IHC)
No
Yes
BVI (IHC)
No
Yes
Necrosis
No
Yes
FIGO stage
I-II
III-IV

Univariable analysis

Multivariable analysis

OR

95% CI

OR

95% CI

p

4.32

1.87-10.01 0.001

7.31

2.27-23.53

0.001

17.31

6.33-47.29 <0.001

-

-

-

19.04

7.06-51.32 <0.001

26.30

8.01-86.38

<0.001

2.48

1.10-5.59

0.029

-

-

-

1.96

0.65-5.88

0.232

-

-

-

2.89

1.22-6.86

0.016

-

-

-

1.79

0.71-4.52

0.220

-

-

-

8.57

1.58-46.60 0.013

10.36

1.33-80.83

0.001

0.61

0.27-1.36

0.227

-

-

-

9.70

0.97-96.74 0.053

-

-

-

p

4

H&E, hematoxylin and eosin; IHC, immunohistochemistry; LVI, lymphatic vessel invasion; BVI, blood vessel
invasion; OR, odds ratio; CI, confidence interval.
1 Including non-endometrioid carcinomas.
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in lung, mediastinum, or thorax, 12 patients in pelvis or abdomen, two patients had
metastases in brain, and three patients had bone metastases.
Separate analyses on pooled data of this study (data not shown) showed that patients
with VI detected with H&E or immunohistochemistry had a significantly lower disease
specific and recurrence-free survival, compared with patients without VI (both p < 0.001).

Multivariable analyses
In multivariable analysis, the variables BVI, age, and tumor grade were independent
predictors separating patients with negative nodes with and without recurrence (Table 3).
A separate multivariable analysis for the endometrioid subgroup showed similar results
(data not shown).

Discussion
In this study, we show that by using immunohistochemical staining, detection of VI in
endometrial cancer increased from 24.6 to 36.1% of the cases. Furthermore, lymph
node-positive patients had significantly more often VI compared with node-negative
patients. Consistent with our hypothesis, patients with recurrence have a significantly
higher frequency of BVI detected by immunohistochemistry compared with patients
without recurrence.
Previous studies on endometrial cancer have reported VI in 14–37% of the patients.11, 19-24
The lowest percentages were found in studies that included only patients with stage I
endometrial cancer. Only three previous studies have separated LVI and BVI using
immunohistochemistry.10-12 Two of these studies used D2-40 to identify LVI and reported
lymphatic VI in 29–52% and BVI in 18–66% of the patients.10, 11 The reported frequency of
LVI is comparable to our results. BVI was detected in only 6.6% of the patients. This is lower
than reported in previous studies, which may partially be explained by our patient
selection. Interestingly, in lymph node–negative patients with later recurrence, we found
a higher frequency of BVI.
A positive relation between VI and lymph node metastasis in endometrial cancer has
previously been reported 25, 26, however, only two studies have examined the relationship
between LVI assessed by immunohistochemistry and lymph node involvement.9, 10 These
two studies show somewhat contradictory results that might be explained by the relative
high percentage of patients with advanced stage disease in the study Vandenput et al.
compared with Weber et al.9, 10 In this study, we found that LVI was significantly more
often seen in lymph node–positive patients compared with both groups of negative
patients, which is in line with the study by Weber et al.9 Previous studies on other tumor
types have reported a positive relation between LVI and lymph node involvement.27-29
We report a significant variation between VI detected by H&E and immunohistochemical
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identification. While immunohistochemistry adds an additional 16.7% of cases with VI
(false negative), we could not confirm VI by immunohistochemistry in 4.4% of cases that
were H&E positive (false positive). This could be explained by the use of deeper tissue
levels, and also several tissue artifacts could contribute. Apart from retraction and smear
artifacts that might be interpreted as VI, microcystic, elongated, and fragmented (MELF)
pattern of invasion might mimic VI.30 The use of immunohistochemistry might substantially
improve the interobserver variability in the diagnosis of VI, previously shown in studies in
breast cancer and melanoma.5, 31 In this study, most false-negative cases were seen in the
lymph node–negative group of patients with later recurrence (21.2%), while in the lymph
node–positive patients and lymph node–negative group without recurrence resp. 13.5
and 9.2% of the cases were false negative on H&E-stained slides. Based on these results,
in endometrial cancer, additional immunohistochemical staining might be particularly
useful for detecting VI in lymph node–negative patients, to identify patients with a higher
risk of recurrence.
The majority of the patients with BVI had distant metastases. Five of these cases were
initially considered tumor free, but had metastatic disease detected during follow-up. In
multivariable analysis, BVI, age, and tumor grade were independent predictors in
separating patients with and without recurrence. To our knowledge, this is the first study
describing a relation between BVI and distant metastases in endometrial cancer. Our
results are in line with previous findings from a colorectal cancer study, where BVI was
associated with distant recurrence, both in univariable and in multivariable analysis.4
Separate analyses on pooled data of this study showed that patients with VI detected
with H&E or by immunohistochemistry had a significantly lower disease-specific and recurrence-free survival, compared with patients without VI. These data should be
interpreted with caution since our study had a case–control study design. Nevertheless,
the results could give an indication that detection of VI is highly clinically relevant.
One of the limitations of our study is the selection of only one block for immunohistochemistry, which might underestimate LVI and BVI. However, all available H&E slides of the
hysterectomy specimens were examined and VI rates based on H&E slides were comparable
to literature.
We deliberately decided to select patients based on outcome, in order to differentiate
between the prognostic value of lymphatic and BVI, and to gain a sufficient number of
patients with initial negative lymph nodes and later recurrence of disease. However, as a
consequence of these selection criteria, we found significant differences in several clinicopathological features between the three groups. The results of this study, therefore,
preferably should be validated in a larger (population-based) cohort.
In conclusion, this study indicates that lymph node–positive patients show significantly
more often LVI compared with patients with negative lymph nodes. Patients with later
recurrence had mainly distant metastases and showed significantly more often BVI, also in
multivariable analyses. Immunohistochemical detection to differentiate between LVI and
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BVI could contribute to a better risk stratification of endometrial cancer patients. Especially
in patients with negative lymph nodes, immunohistochemistry for detection of vascular
invasion might be clinically relevant.
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CHAPTER 5

Abstract
The aim of this study was to define the concordance between tissue microarrays (TMAs)
of different sizes and whole slide for 15 different antibodies in endometrial cancer and
study the use of TMAs in preoperative endometrial samples.
Cores of preoperative and hysterectomy specimens of 14 endometrial cancer and three
atypical hyperplasia cases were collected in TMA blocks. Two 0.6-mm and two 2.0-mm
cores were used from each sample. Different antibodies were tested in TMAs and
compared with results of whole slides of hysterectomy. Tested antibodies were as follows:
ER, PR, p53, Ki-67, MLH1, PMS2, MSH2, MSH6, ARID1A, stathmin, IMP3, L1CAM, PTEN,
β-catenin, and p16. Seventeen cases with four cores per paraffin block (both 0.6 and
2.0 mm in duplicate) and 15 different antibodies resulted in a total of 1020 cores for both
preoperative and hysterectomy specimen.
Overall, 2.0-mm cores were more assessable for evaluation than 0.6-mm cores (96.0 versus
79.5%, p < 0.01). For most antibodies, a substantial to good agreement between
hysterectomy TMA and whole slide was present, with lowest agreement for p16 and
stathmin and perfect agreement for mismatch repair proteins. Preoperative TMAs showed
for most antibodies moderate to perfect agreement with hysterectomy TMAs.
In conclusion, 2.0-mm cores are the preferred size for immunohistochemical studies in
endometrial cancer. For all tested antibodies, TMAs are a good alternative for whole slide
analysis in scientific studies with large patient cohorts, even in preoperative endometrial
samples. However, caution is required for interpretation of TMA results of p16 and stathmin.
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Introduction
In endometrial cancer, biomarkers may add information for risk stratification for tailored
treatment strategies.1 Many biomarkers for individualized treatment in endometrial cancer
were discovered recently.1 To validate these biomarkers, we need large-scale studies with
examination of many samples which requires a large amount of tissue and laboratory
consumables that induces high research costs. Tissue microarrays (TMAs) are an efficient
way to examine a large number of cases on a single slide. In 1998 Kononen et al. described
the use of TMAs for high-throughput, molecular characterization of a large panel of tumor
specimens.2
Many studies have compared TMAs to whole sections.3-6 However, different core sizes for
TMAs can be used and limited information is available about comparison of different core
sizes.7, 8 Furthermore, primary treatment is based on preoperative diagnosis, with a
discordance between preoperative and postoperative diagnosis in 15–40% of the
cases.9-12 This can result in both over- and undertreatment. Biomarkers might minimize
this discordance. However, most studies have studied new biomarkers in hysterectomy
specimens.3 Yet, frequently, endometrial sampling reveals only scant material.13, 14 This
makes the use of TMAs in preoperative endometrial samples a challenge.
The aim of the present study is to define the concordance between TMAs of different sizes
and whole slide for 15 different antibodies and study the use of TMAs in preoperative
endometrial samples.

Material and methods
Tissue samples
Cases were retrieved from the pathology archive of the Radboud university medical
center, Nijmegen, the Netherlands. Seventeen cases, 14 with primary endometrial cancer
and 3 with atypical hyperplasia of the endometrium who have had preoperative endometrial
sampling and hysterectomy, were included in this study. We selected representative cases
(n = 14) of different types of endometrial cancer, including four endometrioid endometrial
cancer (EEC) grade 1, four EEC grade 2, two EEC grade 3, two serous carcinoma (USC), and
two clear-cell carcinoma (CCC). From each case, a representative block with tumor of both
the preoperative and the hysterectomy specimen was collected. We selected only cases
with sufficient tumor tissue in the paraffin block. The cases were reviewed by a specialized
gynecopathologist (JB).

Tissue microarray construction
From each case, four representative areas with tumor or hyperplasia were encircled on the
hematoxylin and eosin (H&E) slide of both the preoperative and hysterectomy specimen.

103

5

CHAPTER 5

TMAs were constructed using the TMA grand master (3DHISTECH, Budapest, Hungary).
From each corresponding paraffin block, two 0.6-mm and two 2.0-mm cores were made.
This resulted in four TMA blocks: one TMA block containing 17 duplicate 0.6-mm cores of
the preoperative specimen, one TMA block containing 17 duplicate 2.0-mm cores of the
preoperative specimen, one TMA block containing 17 duplicate 0.6-mm cores of the
hysterectomy specimen, and one TMA block containing 17 duplicate 2.0-mm cores of the
hysterectomy specimen. Seventeen cases with four cores per paraffin block (both 0.6 and
2.0 mm in duplicate) and 15 different antibodies result in a total of 1020 stained cores for
both preoperative and hysterectomy specimen.

Immunohistochemistry and scoring
Immunohistochemistry was performed on 4-μm sections of the four TMA blocks and the
corresponding whole slides of the hysterectomy, using 15 different antibodies (Table 1). In
short, antigen retrieval was performed and endogenous peroxidase blocked with
hydrogen peroxide. Slides were incubated with the primary antibody for 1 h at room
temperature. Subsequently, they were incubated with PowerVision+ Poly-HRP and
visualized with PowerVision DAB substrate solution (Leica Biosystems, Buffalo Grove, IL,
USA). Finally, the slides were counterstained with hematoxylin, dehydrated, and mounted.
All TMA cores and whole slides were scored twice, by two independent investigators
(NCMV in combination with JB, IDN, or AAMW). In case of discrepancies, the slides were
discussed together and a consensus score was made. We have used a semiquantitative
scoring index to evaluate the immunohistochemical staining, with exception of the
mismatch repair (MMR) proteins, ARID1A, and Ki-67. The scoring index (0–9) was obtained
by the product of intensity, graded from 0 (no staining), 1 (weak staining), 2 (moderate
staining), to 3 (strong staining), and area of tumor with this staining intensity, graded from
0 (no positive tumor cells), 1 (1–10% positive tumor cells), 2 (11–50% positive tumor cells),
to 3 (> 50% positive tumor cells). We designated cutoff values of the scorings index (0–9)
for positivity/high expression as follows: ER, PR, IMP3, L1CAM, and p16 scoring index ≥ 4,
PTEN ≥ 2, β-catenin ≥ 6, and stathmin ≥ 7. For p53, aberrant staining was defined as a
scorings index ≥ 5 or complete negative staining. For ARID1A and MMR (MLH1, PMS2,
MSH2 and MSH6) tumors were considered aberrant if tumor cells showed complete
absence of nuclear staining, with positive internal control (stromal cells). Tumors were
considered positive for ARID1A and MMR if there was any positive tumor cell with nuclear
staining, regardless of intensity. Cases with negative tumor cells and no internal control
were scored as indeterminate. For Ki-67, the percentage of positive tumor cells was
determined. Results of duplicate cores of each tumor were combined to give a tumor
score. In case the two scores differed, the mean of the two scores was used as the overall
tumor score. If one core was not assessable, the overall tumor score was that of the
remaining assessable core. Cores were considered assessable if there was enough tumor
tissue for evaluation of the immunohistochemical staining. Cores were considered not
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assessable in case of < 10% tumor cells in the core (“sampling error,” e.g., only stroma) or
when < 10% of the tissue was present in the core (“absent core”).

Statistical analysis
Difference in assessability between 0.6- and 2.0-mm cores was calculated with chi-squared
test. The agreement between the immunohistochemical score on TMA and whole slide,
and between preoperative and hysterectomy TMA, was determined by calculating
Cohen’s kappa. Agreement was considered poor if κ < 0.2, fair if 0.21 < κ < 0.4, moderate if
0.41 < κ < 0.6, substantial if 0.61 < κ < 0.8 and almost perfect if 0.81 < κ < 1.00. Since Ki-67
score was not dichotomized, the difference in Ki-67 score between whole slide and TMA
was calculated with the related-samples Wilcoxon signed rank test. The difference in ratio
between false positive and false negative cases was also calculated with the related-samples Wilcoxon signed rank test. A p value of < 0.05 was considered to indicate statistical
significance. Statistical analysis was performed with SPSS version 22 (SPSS IBM, New York,
NY, USA).

Results
Assessability
Of the 1020 tumor cores with core size 0.6 mm, 811 were assessable (79.5%), whereas 979
of the tumor cores with core size 2.0 mm were assessable (96.0%) (p < 0.01). The difference
in assessability was more prominent in the hysterectomy TMAs than the preoperative
TMAs; however, both show a significant difference (p < 0.01). Of the hysterectomy TMAs
71.2% of the 0.6-mm cores and 98.6% of the 2.0-mm cores was assessable, compared to
respectively 87.8 and 93.3% of the preoperative TMAs. The most common cause for a not
assessable core was tumor loss during process (10%). In only 1% of the cases, there was
sampling error with less than 10% tumor cells.

Interobserver variability
There was a substantial to almost perfect agreement between the TMA score of the
different investigators. Kappa values varied between 0.72 for PTEN to 0.998 for Ki-67
(Table 1).

Heterogeneity
Overall, there was a good agreement between scores of cores of the same size.
The agreement varied per antibody, between moderate for p16 to almost perfect for
MLH1, PMS2, MSH2, MSH6, β-catenin, IMP3, and ARID1A (Fig. 1). For some antibodies,
the agreement was better with larger cores compared to 0.6-mm cores (PTEN, ARID1A,
Stathmin, p53), whereas others show better agreement with smaller cores (ER, PR, MSH6).
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Table 1 Antibodies used in this study.
Antibody Staining
pattern

Clone

Antigen
retrieval

Dilution Source

Interobserver
variability (kappa)

ER

Nuclear

SP1

EDTA pH 9

1:80

Immunologic 0.959

PR

Nuclear

PgR636

EDTA pH 9

1:500

Dako

0.961

MLH1

Nuclear

G168-15

EDTA pH 9

1:40

BD

0.894

PMS2

Nuclear

A16-4

EDTA pH 9

1:100

BD

0.800

MSH2

Nuclear

GB12

EDTA pH 9

1:20

Calbiochem

0.848

MSH6

Nuclear

EPR3945

EDTA pH 9

1:1000

Abcam

0.763

PTEN

Nuclear and
cytoplasmic

6H2.1

EDTA pH 9

1:100

Dako

0.724

IMP3

Cytoplasmic

69.1

EDTA pH 9

1:50

Dako

0.912

β-catenin Membranous 14/β-catenin EDTA pH 9
and cytoplasmic

1:200

BD

0.911

L1CAM

Membranous

14.10

EDTA pH 9

1:100

BioLegend

0.921

Ki-67

Nuclear

MIB-1

Citrate pH 6.0 1:40

Dako

0.998

ARID1A

Nuclear

0.796

HPA005456 Citrate pH 6.0 1:100

Sigma

Stathmin Cytoplasmic

3351

Citrate pH 6.0 1:50

Cell Signaling 0.824

P53

Nuclear

DO-7

Citrate pH 6.7 1:200

Immunologic 0.901

P16

Nuclear and
cytoplasmic

MX007

HIER pH 8.0

Immunologic 0.779

ER
PR
ARID1A
0.6 mm MLH1 PMS2
MSH2
β-catenin IMP3
MSH6

PTEN
P53
Stathmin
L1CAM

MLH1 MSH6
IMP3
ER
2.0 mm PMS2 PTEN
PR
MSH2 Stathmin P53
L1CAM
ARID1A β-catenin
Substantial
Almost perfect

1:60

P16

P16
Moderate

Fair

Poor

Figure 1 Strength of agreement between two cores of the same size (kappa statistics).
Green indicates almost perfect agreement, red indicates poor agreement.

Preoperative versus hysterectomy TMAs
The correlation between preoperative TMAs and hysterectomy TMAs differs per antibody
and varied from almost perfect agreement for MLH1, PMS2, MSH2, β-catenin, and ER to
poor agreement for ARID1A, p53, and stathmin (Fig. 2a, b). There were more false positive
than false negative cases on preoperative TMAs (p = 0.04). Overall, 9% of the cases were
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8%
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p53
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%
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18 %

3

47%
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3

%

PT

t

L1 C AM

6%

12

Sta

MSH6

6%

1 2%

0.6 mm

12%

%

H2

H2

6%

PM

MS

1 8%

MS

8%

t

Sta

ate

t

Sta

in

hm

1A

S2

2 9%

in

hm

MLH1

p16

PM

ARID

MLH1

p16

IMP

12%

EN

ER
p53

PR

6%

2 4%

6%

PT

EN

ARID
1A

1A
ARID

12%

PT

MS H 6

1 8%

3
IMP

%

6%

12 %

3

IMP

12

2.0 mm

6%

MSH6

L1 C AM

0.6 mm

12 %

L1CAM

TMA versus whole slide of hysterectomy

A

L1CAM

Preoperative versus hysterectomy TMA

false positive and 5% were false negative on preoperative TMA. False positive rates per
antibody varied from 0 to 36% and false negative rates from 0 to 21%. ARID1A and P53
staining showed the highest false positive rate (respectively 33 and 36%). For Ki-67, the
score was significantly higher on preoperative TMA compared to hysterectomy TMA, both
for 2.0- and 0.6-mm cores (p = 0.001). The median difference between the Ki-67 score on
preoperative TMA and hysterectomy TMA was larger in 2.0-mm compared to 0.6-mm
cores (respectively 36 and 11, p < 0.05) (not shown in figure).

6%

5

ER
p53

PR

Figure 2 Preoperative versus hysterectomy TMA for 0.6 mm (A) and 2.0 mm (B) and TMA
versus whole slide of hysterectomy for 0.6-mm (C) and 2.0-mm cores (D). Green indicates no
difference, red indicates difference, and blue indicates not assessable cores. Percentages
represent the percentage of cores with a difference between respectively preoperative
and hysterectomy TMA score and between TMA and whole slide of hysterectomy.
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TMA versus whole slide of hysterectomy
For most antibodies, there was a substantial to good agreement between hysterectomy
TMA and whole slide, with exception of stathmin, p16, and p53 (Figs. 2c, d and 3a). Stathmin
and p16 staining show a moderate to poor agreement between TMA and whole slide of
hysterectomy, depending on the core size. For p16, all but one were scored positive on
whole slide. Four of the 14 assessable cases were scored negative for p16 on 0.6-mm TMA
cores (Fig. 3b). For stathmin, all cases were scored negative on 2.0-mm TMA cores. Three
of these 17 cases were scored positive on whole slide. Most discrepancies for p53 were
seen for cases with complete negative, aberrant staining on TMA and positive staining on
whole slide (n = 4).

A

ER
0.6 mm MLH1 β-catenin
MSH2
MSH6

PTEN
Stathmin
IMP3 PR
PMS2 P53
ARID1A L1CAM

MLH1 PTEN
ER
2.0 mm PMS2 IMP3
PR
MSH2 ARID1A
L1CAM
MSH6 β-catenin
Substantial
Almost perfect

P16

P53
P16
Moderate

Stathmin
Fair

Poor

B

*

*

Figure 3 TMA versus whole slide of hysterectomy. A. Strength of agreement between
TMA and whole slide of hysterectomy (kappa statistics); B. Case with discrepancy between
whole slide and 0.6 mm TMA for p16 (two 0.6-mm core holes marked with an asterisk).
Whole slide showing positive staining (scorings index 6), concordant positive 2.0-mm
cores (combined scorings index 6) and discrepant negative 0.6-mm cores (combined
scorings index 3).
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For Ki-67, the score was significantly lower on TMA than on whole slide, for both 2.0- and
0.6-mm cores (respectively p < 0.01) (Fig. 4). The median difference between the Ki-67
score on TMA and whole slide was 29 and 22 for 2.0- and 0.6-mm cores, respectively,
which is not significantly different.

    



 

 










Figure 4 Absolute difference in Ki-67 score between TMA and whole slide (ref.) per case.
Each bar represents a case, with in black the 0.6-mm cores and in gray 2.0-mm cores.
In the most right column, the median difference in Ki-67 for all cases, separated by core
diameter.

Discussion
Overall, 2.0-mm cores were more assessable for evaluation than 0.6-mm cores (96.0 versus
79.5%, p < 0.01). For most antibodies, a substantial to good agreement between hysterectomy
TMA and whole slide was present. Preoperative TMAs showed for most antibodies
moderate to perfect agreement with hysterectomy TMAs.
TMAs are an efficient method to test new biomarkers in a research setting, since it saves
time, costs, and tissue.15 This last issue is also one of the concerns. Tumors can be
heterogeneous and low density or diffuse tumors might be difficult to sample. In
endometrial cancer, many promising biomarkers have been reported the last years.16-20
Most of these biomarkers have been studied in hysterectomy specimens, whereas
especially preoperative biomarkers might be clinically useful to choose the best surgical
treatment. Previous studies have reported a significant correlation for stathmin, L1CAM,
ER, and PR expression between curettage and hysterectomy specimen.18, 21, 22 However,
although there is a correlation, expression pattern is not completely overlapping, with a
discordance rate of 10% for L1CAM to 33% for stathmin. These percentages are in line with
the results of the present study. In general, we reported more false positive than false
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negative cases on preoperative TMAs (respectively 9 and 5%). Although based on small
numbers, this difference was most pronounced for p53 and ARID1A. Studies that describe
discrepancies between preoperative and hysterectomy specimen show different results
about the false positive and false negative rates.18, 21-23 Differences in staining between
preoperative and hysterectomy specimen could be explained by differences in fixation or
the representativeness of the tissue. With endometrial sampling, only the superficial part
of the tumor is examined, whereas in a hysterectomy specimen also the invasive front is
examined. Moreover, tumor heterogeneity can be a challenge when using TMAs for
biomarker studies. Distinction between true intratumor heterogeneity and irregular
staining can be challenging. In case of alternate groups of tumor cells with complete
negative and positive staining on the whole slide, we considered intratumor heterogeneity
as the cause of discrepancy. In case of a gradual decrease in staining intensity on whole
slide, we considered irregular staining the most likely cause of the discrepancy. In our
study, discrepancies between TMA and hysterectomy could be attributed to both causes.
Although p16 is a heterogeneous staining, it still showed a moderate agreement between
the two cores. To decrease the effect of heterogeneity on TMA score, investigators have
the dilemma to use more or larger cores or perform the staining on whole slides. Especially
for antibodies such as p16 and stathmin, additional cores or staining on whole slide should
be considered to lower the chance of false negative cases.
There is no consensus on the optimal number of cores. Kyndi et al. reported that a single
core seems to be sufficient, whereas Neves-Silva et al. reported that two cores per case is
the optimal number with regard to tissue loss and agreement with whole slide.24, 25 The
same goes for core size. Most studies report that smaller cores, in case assessable, are as
representative as larger cores. However, the relation between core loss after immunohistochemical staining and core size is less clear. Neves-Silva et al. shows more loss in 1.0-mm
cores than 2.0-mm cores, whereas Fonseca et al. reported that core loss increases with
increasing core size from 3 to 7% with cores of respectively 1.0 and 3.0 mm.8, 24 In the
present study, we reported more core loss when using 0.6-mm cores compared to 2.0-mm
cores. An explanation might be that larger cores have better adhesion to the surrounding
paraffin of the donor block because of the larger diameter. Moreover, core loss might also
be dependent on the type of specimen used. For example, TMAs of large solid tumors
might show more assessable cores than a TMA from a small biopsy. Although the amount
of preoperative tissue is often scant, cores were lost in only 7 to 12% of the cases. This is in
line with literature that report 2–25% core loss.3, 5, 15, 26
One of the limitations of this study is the small number of cases. However, for most
antibodies, there were positive and negative cases. Only for β-catenin, all cases were
positive, which was expected, since Shaco-Levy reported β-catenin positivity in all
endometrioid carcinomas and all proliferative endometrium cases.27 Due to the strong
cytoplasmatic staining for β-catenin, evaluation of nuclear staining was not reliable.
Therefore, only cytoplasmatic and membranous staining was scored for β-catenin.

110

TISSUE MICROARRAY IN ENDOMETRIAL CANCER

Per case, we have created duplicate cores of both 0.6 and 2.0 mm to gain information
about the optimal number and size of the TMA cores. We have not stained the whole slide
of the preoperative specimen because after punching out the cores for the TMAs in most
cases, only a limited amount of tumor was left in the paraffin block. Therefore, we could
only compare the hysterectomy TMA to whole slide staining.
The strength of this study is the large number of cores (1020) and antibodies that were
studied. To our knowledge, this is the first study that systematically studies the use of
TMAs for biomarkers studies in endometrial cancer, with special attention to the use on
preoperative tissue. Because of the high discrepancy between preoperative and final
diagnosis in endometrial cancer, preoperative risk classification should be improved to
prevent over- and undertreatment. New biomarkers might help to improve this risk
classification.28 TMAs might help in discovering and validating new biomarkers, since
most of the time, large patient cohorts are required for validation studies.
In conclusion, based on the more frequent loss of cores with smaller core size, 2.0-mm
cores are the preferred size for immunohistochemical studies in endometrial cancer.
Agreement between TMA and whole slide, and preoperative and hysterectomy TMAs
varied per antibody, with lowest agreement for p16 and stathmin and perfect agreement
for mismatch repair proteins. For all tested antibodies TMAs are a good alternative for
whole slide analysis in scientific studies with large patient cohorts, even in preoperative
endometrial samples with clearly less tissue than in a hysterectomy specimen. However,
caution is required for interpretation of TMA results of p16 and stathmin.
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CHAPTER 6

Abstract
Preoperative histopathological risk classification determines the surgical approach in
patients with endometrial carcinoma (EC). Since there is only moderate agreement
between preoperative sampling and postoperative diagnosis after hysterectomy, this
may result in substantial over- and undertreatment.
The aim of the PIpelle Prospective ENDOmetrial carcinoma (PIPENDO) study is to
determine whether systematic assessment of histology and addition of a panel of
diagnostic biomarkers to preoperative histology decreases discrepancies between preand postoperative diagnosis in EC.
Preoperative histology of 432 patients with EC was systematically reviewed by an expert
pathologist and stained with 15 different antibodies: ER, PR, IMP3, L1CAM, p53, p16, Ki-67,
stathmin, PTEN, β-catenin, ARID1A, MLH1, PMS2, MSH2 and MSH6.
Discrepancies in grade or histologic subtype between pre- and postoperative diagnosis
were observed in 46% of the patients and in about half of these patients (20%) this
discrepancy was clinically relevant. The highest discrepancy rate was found in grade 2 ECs
(44%). In grade 2 ECs, systematic assessment of preoperative histology decreased clinically
relevant discrepancies from 20% to 12%. Addition of six immunohistochemical biomarkers
to morphological evaluation resulted in a significant higher diagnostic accuracy (AUC
0.955) compared to morphological evaluation alone (AUC 0.845, P<0.001). A more practical
two-biomarker panel with PR and p53 still improved diagnostic accuracy (AUC 0.917,
P<0.001) and reduced discrepancies in patients with grade 2 ECs from 19% to 16%.
Diagnostic accuracy for histologic subtype was improved by a three-biomarker panel
including PR, IMP3 and L1CAM (AUC 0.932, P<0.001) compared to morphological evaluation
alone in high-grade ECs.
In conclusion, we recommend the use of four immunohistochemical biomarkers (PR, p53,
IMP3 and L1CAM) on preoperative histology to reduce discordancy in grade 2 as well as
histologic classification within high-grade ECs. Use of these easily accessible biomarkers in
combination with standardized morphological evaluation improves preoperative
identification of patients that need surgical staging.
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Introduction
Endometrial carcinoma (EC) is the most common gynecologic malignancy in developed
countries with rising incidence due to increased life expectancy and obesity.1, 2 Treatment
of choice is surgery; the decision about the extent of surgery is based on histological
assessment of preoperative biopsies.3 For decision-making, both grade and histologic
subtype are essential. Endometrioid endometrial carcinoma (EEC) which arises in a
background of hyperplasic endometrium, is related to unopposed estrogenic stimulation
and shows in general a relatively good prognosis.1, 4, 5 Grade 1 and 2 EECs are considered
low-grade, grade 3 EECs are considered high-grade ECs.6 In contrast, non-endometrioid
endometrial carcinoma (NEEC) is associated with advanced stage disease, and poor
prognosis, and are considered high-grade carcinomas.5
In case of low-grade EC with only superficial myometrial invasion (<50%), primary treatment
consists of hysterectomy with bilateral salpingo-oophorectomy.3, 7 In case of high-grade EC,
additional surgical staging including lymphadenectomy is recommended.3, 7
In a recently published systematic review and meta-analysis, we have shown only 67%
agreement on tumor grading between pre- and postoperative diagnosis on the hysterectomy
specimen.8 Especially in high-grade EC, a poor interobserver reproducibility of histologic
subtype is found.9, 10 These discordances may result in both over- and undertreatment of
EC patients. Addition of diagnostic biomarkers on preoperative endometrial histology
might reduce these discordances.
The important goal is to select biomarkers for improvement of diagnostic accuracy
preoperatively and to add prognostic value for identifying patients at risk for extended
disease that need surgical staging. Previously, well-known biomarkers such as estrogen
receptor (ER), progesterone receptor (PR) and p53, as well as relatively new biomarkers
such as L1 cell adhesion molecule (L1CAM) and Insulin-like growth factor-II mRNA-binding
protein 3 (IMP3) have already been used for diagnostic and prognostic purposes.11-16
Diagnostic panels including up to nine biomarkers in total have been described to
contribute to histologic classification of EC.10, 17, 18 However, most studies evaluated
biomarkers on hysterectomy specimen only, which hampers implementation into clinical
practice where primary surgical treatment is based on preoperative diagnostic risk
classification.
The aim of this study is to determine whether systematic assessment of preoperative
histology by an expert pathologist and addition of a selected panel of diagnostic
biomarkers to preoperative histology decreases discrepancies between preoperative and
postoperative tumor grade and histologic subtype. These data form the basis of a practical
diagnostic panel of biomarkers on preoperative histology for improved diagnostic
accuracy and better patient care.
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Material & Methods
Case selection
As described and published previously, for this multicenter, prospective cohort study, all
consecutive patients treated for EC between September 2011 and December 2013 in one
of the nine participating hospitals in the Netherlands were prospectively included in
the PIpelle Prospective ENDOmetrial carcinoma (PIPENDO) study.19 Patients without preoperative histology, with a history of EC or no surgical treatment including hysterectomy
were excluded. Patient characteristics, including treatment and final pathological diagnosis
were registered prospectively.

Tissue specimen
Formalin-fixed paraffin-embedded tissue blocks of the preoperative Pipelle endometrial
sampling, hysteroscopic biopsy or dilatation & curettage (D&C) were centrally collected at
the Department of Pathology, Radboud university medical center, Nijmegen. In case a
patient had more than one preoperative histology sample, all available samples used for
preoperative diagnosis were collected. One additional hematoxylin and eosin (H&E) slide
from each block was made. From each case, three representative tumor areas were encircled
and 2.0 mm cores were made from the corresponding paraffin block. In case of insufficient
tissue for three cores of a case, one or two cores were taken. Tissue microarrays (TMAs)
were constructed using the TMA grand master (3DHISTECH, Budapest, Hungary).20

Histological analyses
The H&E slide of the preoperative histology was systematically evaluated by an expert
gynecopathologist (NCMV), blinded for patient characteristics, original diagnosis and
outcome. In case of discrepancy with the original diagnosis the case was evaluated
blinded, independently by a second gynecopathologist (JB). Discrepancies were resolved
by consensus. Preoperative histology was evaluated on the amount of tissue, the presence
of hyperplasia, atypia, endometrial intraepithelial carcinoma, invasive growth, background
endometrium, tumor percentage as well as tumor grade and histologic subtype. EECs
were graded according to the 3-tiered FIGO grading system.21 For further analyses
low-grade ECs were defined as grade 1 or grade 2 EECs, and high-grade ECs were defined
as grade 3 EECs and NEECs, including serous, clear cell, mixed, dedifferentiated, undifferentiated carcinomas and carcinosarcomas. Cases with original preoperative diagnosis of
atypical hyperplasia, diagnosed as EC at pathology review, were also considered as
low-grade ECs.
The original slides of the hysterectomy specimen were systematically reviewed by NCMV
and JB with the same procedure as described for the preoperative histology. Cases were
excluded with uncertain uterine origin, no invasive cancer in preoperative tissue at
pathology review, no residual or only very limited amount of tumor in hysterectomy
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specimen, final diagnosis based on preoperative specimen or insufficient amount of
preoperative tissue for grading (Supplementary Figure 1).

Immunohistochemical analyses
Immunohistochemistry was performed on 4 µm sections of the TMA blocks, using 15
different antibodies: ER, PR, IMP3, L1CAM, p53, p16, Ki-67, stathmin, PTEN, β-catenin,
ARID1A, MLH1, PMS2, MSH2, MSH6 (Supplementary Table 1). In short, antigen retrieval was
performed and endogenous peroxidase blocked with hydrogen peroxide. Slides were
incubated with the primary antibody for one hour at room temperature. Subsequently
they were incubated with PowerVision+ Poly-HRP and visualized with PowerVision
DAB substrate solution (Leica Biosystems, Buffalo Grove, IL, US). Finally, the slides were
counterstained with hematoxylin, dehydrated, and mounted.
All TMA cores were independently scored by two pathologists (NCMV with either JB, IDN,
PDD, GGS, or AAMW). In case of discrepancies, the slides were discussed together and a
consensus score was made. A semiquantitative staining index was used to evaluate the
immunohistochemical staining, with exception of the mismatch repair (MMR) proteins,
ARID1A and Ki-67. The staining index (0-9) was obtained by the product of intensity,
graded from 0 (no staining), 1 (weak staining), 2 (moderate staining) to 3 (strong staining),
and area of tumor with this staining intensity, graded from 0 (no positive tumor cells),
1 (1-10% positive tumor cells), 2 (11-50% positive tumor cells) to 3 (>50% positive tumor cells).
For β-catenin nuclear staining was recorded separately. For ARID1A and MMR proteins
(MLH1, PMS2, MSH2 and MSH6) tumors were considered aberrant if tumor cells showed
complete absence of nuclear staining with positive internal control (stromal cells). Tumors
were considered positive for ARID1A and MMR proteins if there was any positive tumor cell
with nuclear staining, regardless of intensity. Cases with negative tumor cells and no
internal control were scored as indeterminate. For Ki-67 the percentage of positive tumor
cells was determined.
Results of triplicate cores of each tumor were combined to give an overall tumor score by
calculating the mean score of the three different cores. In case of a difference in score of
>3 between the different cores, the cores were evaluated manually by reviewing the slides
and were given a combined score. In case more than one preoperative histology specimen
were present, the mean score of the specimens was used. The staining index for the
different immunohistochemical biomarkers was dichotomized with the cut-offs as shown
in Supplementary Table 1. If one or two cores were not assessable, the overall tumor score
was that of the remaining assessable core(s). Cores were considered not assessable in case
of <10% tumor cells in the core (‘sampling error’, e.g. only stroma) or when <10% of the
tissue was present in the core (‘absent core’).
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Statistical analyses
Original and reviewed preoperative diagnoses were compared with the reviewed
postoperative diagnosis on the hysterectomy specimen. Clinically relevant discrepancies
were defined as preoperative low-grade (grade 1 or 2) versus high-grade in hysterectomy
(grade 3), preoperative high-grade versus low-grade in hysterectomy (grade 1 or 2) and
discrepancies between histologic subtype (EEC versus NEEC). Cases with a preoperative
diagnosis of atypical hyperplasia and diagnosis of low-grade carcinoma on hysterectomy
specimen were not considered as clinically relevant discrepancies.
Interobserver agreement for the immunohistochemical biomarkers was calculated using
Cohen’s Kappa. P-values for the association between the immunohistochemical biomarkers
and postoperative tumor grade and histologic subtype were calculated using Chi-square
and Fisher’s exact test. An area under the receiver operating characteristic curve (AUC),
sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
were calculated to compare the diagnostic accuracy of the different biomarkers for
predicting tumor grade and histologic subtype.
In order to predict postoperative tumor grade (low- versus high-grade) and histologic
subtype (EEC versus NEEC) in patients with EC on preoperative histology, separate
prediction models for grade and histologic subtype were developed. Detailed description
of statistical analyses for development of these models is provided in the Supplementary
Data. In short, for the grade prediction models, all patients were included whereas for the
histologic subtype prediction models, only patients with preoperative high-grade ECs
were included. Because of the small number of cases relative to the number of possible
predictors, and to obtain a model with as few predictors as possible without overfitting,
LASSO multivariable logistic regression was used.22 Both for grade and histologic subtype
different prediction models were developed, including morphology alone, only immunohistochemical biomarkers, and combination of morphology with biomarkers. Internal
validity of the models were checked by means of 200 bootstrap runs. Discrimination was
summarized by means of the AUC. To compare diagnostic accuracy of the different
models, the AUC, sensitivity, specificity, PPV and NPV of the different models for both
grade and histologic subtype were calculated on one imputed dataset which was not
used for development of the models. P-values for comparison of AUCs of the different
models were calculated using the method of Delong et al.23
To calculate the discrepancy rate for the proposed diagnostic algorithm compared to the
original morphological diagnosis, the original dataset was used, including missing data,
which is inherent to daily practice.
Analyses were performed with the statistical software SPSS version 22 (SPSS IBM, New
York, NY, USA) and R, version 3.4.3.24
A two-sided p-value of <0.05 was considered to indicate statistical significance.
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Ethical considerations
The study was approved by the local medical ethical committee of the Elisabeth-
TweeSteden Hospital Tilburg and was registered in the Netherlands Trial Register (NTR),
number NTR3503.

Results
A total of 432 consecutive patients with EC were initially included in this study. After review
of preoperative and hysterectomy specimen, 54 patients were excluded (uncertain origin
(n=1), no invasive cancer in preoperative tissue at pathology review (n=36), no residual
tumor in hysterectomy specimen (n=8), final diagnosis based on preoperative specimen
(n=1), insufficient amount of preoperative tissue for grading (n=8)) (Supplementary Figure 1).
Clinicopathological characteristics of the 378 included patients are shown in Table 1.
There were no differences between the excluded patients and the final study cohort with
respect to age, stage and postoperative tumor grade and histologic subtype (data not
shown).

Discordances between original preoperative and
reviewed postoperative diagnosis
In 46% of the patients, there was a discrepancy in tumor grade or histologic subtype
between original preoperative and postoperative diagnosis (Table 2). In 20% this was a
clinically relevant discrepancy that would have altered the surgical approach. In 11% of the
patients preoperatively classified as low-grade, the hysterectomy showed high-grade EC.
In 9% of the patients preoperatively classified as high-grade, only low-grade EC was
present in the hysterectomy. Discrepancies on tumor grade were most pronounced in
preoperative grade 2 EC (44%).
Discrepancies in histologic subtype were observed in 11% of preoperative NEEC that
showed EEC in the hysterectomy specimen and 9% of EEC with NEEC in the hysterectomy
specimen.
There was an association between the amount of tissue that was obtained preoperatively
and the number of clinically relevant discrepancies: 26% (56/214) when less than estimated
1 cm2 tissue was obtained, compared to 17% (35/205) in larger tissue samples.

Systematic assessment of histology
After systematic assessment of histology by an expert pathologist 33% discrepancies were
observed between preoperative and postoperative diagnosis on hysterectomy specimen
(Supplementary Table 2). The clinically relevant discrepancies on tumor grade or histologic
subtype decreased from 20% to 14%. In cases originally diagnosed as grade 2 ECs, the
clinically relevant discrepancy rate between preoperative and postoperative diagnosis
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Table 1 Clinicopathological characteristics of included patients.

Median Age (years), range
Endometrial thickness
≤4 mm
>4 mm
Unknown
Postmenopausal
Yes
No
Unknown
Histologic subtype*
Endometrioid
Non-endometrioid
Serous
Clear cell
Other non-endometrioid#
Tumor grade (only EEC)*
1
2
3
Myometrial invasion
<50%
≥50%
FIGO stage 2009
I
II-IV
Adjuvant therapy
Radiotherapy
Chemotherapy
Hormonal therapy

N

%

66

41-90

8
260
110

2.1
68.8
29.1

345
31
2

91.43
8.2
0.5

302
76
29
4
43

79.9
20.1
7.7
1.1
11.4

140
124
38

46.4
41.1
12.6

204
174

54.0
46.0

317
61

83.9
16.1

143
39
2

37.8
10.3
0.5

*Reviewed postoperative diagnosis based on hysterectomy specimen.
#Dedifferentiated, undifferentiated, mixed carcinoma and carcinosarcoma.
EEC, endometrioid endometrial carcinoma.

decreased from 20% to 12% after systematic assessment of preoperative histology. Of the
remaining discrepant cases in preoperatively grade 2 ECs, 8 out of 11 were diagnosed as
grade 3 EEC on hysterectomy specimen. Systematic assessment of preoperative histology
in grade 1 and 3 ECs did not decrease the clinically relevant discrepancy rate with regard
to grading, respectively 5% and 9%.
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Table 2 Original preoperative versus reviewed postoperative diagnosis on hysterectomy
specimen.
Original
preoperative diagnosis
AH

Postoperative diagnosis (hysterectomy)
Grade 1 EEC Grade 2 EEC Grade 3 EEC

NEEC

Total

22 (51%)

17 (40%)

1 (2%)

3 (7%)

9 (38%)

13 (54%)

1 (4%)

1 (4%)

24

Grade 1 EEC

87 (66%)

37 (28%)

0 (0%)

7 (8%)

131

Grade 2 EEC

21 (24%)

50 (56%)

11 (12%)

7 (8%)

89

Grade 3 EEC

1 (3%)

4 (11%)

21 (58%)

10 (28%)

36

NEEC

0 (0%)

3 (6%)

3 (6%)

48 (89%)

54

Grade 3, type not reported

0 (0%)

0 (0%)

1 (100%)

Grade not reported

Total

140

124

38

0 (0%)
76

43

1
378

AH, atypical hyperplasia; EEC, endometrioid endometrial carcinoma; NEEC, non-endometrioid endometrial
carcinoma; Discordances are marked light and dark gray, discordances considered as clinically relevant are
marked dark gray.

Addition of biomarkers for discrimination between
low- and high-grade ECs
Original preoperative grade had good diagnostic accuracy for predicting high- and
low-grade ECs (AUC 0.845) (Table 3). Figure 1 shows the different biomarkers in relation to
the postoperative diagnosis on hysterectomy (detailed data in Supplementary Table 3).
In univariate analysis, ER, PR, IMP3, L1CAM, p53, Ki-67, stathmin, PTEN and β-catenin
showed significantly different expression patterns between low- and high-grade ECs
(p ≤ 0.001) (Table 4). Of these PR, IMP3, p53 and Ki-67 were most distinctive, as illustrated
by the highest AUC.
In Table 3 and Supplementary Figure 2, the diagnostic accuracy of five different prediction
models for tumor grade are presented: morphology, immunohistochemical biomarkers
(7 biomarkers) and three different models that combine morphology with a six-, four- and
two-biomarker panel (detailed characteristics of the models in Supplementary Table 4).
Use of immunohistochemical biomarkers (ER, PR, IMP3, L1CAM, p53, Ki-67 and β-catenin
nuclear staining) without morphological evaluation showed higher sensitivity (83%) but
lower specificity (83%) than morphological evaluation alone (73% and 96% respectively).
Addition of a panel of six biomarkers (ER, PR, IMP3, L1CAM, p53 and Ki-67) to morphological
evaluation significantly improved diagnostic accuracy to an AUC of 0.955 (P<0.001), by
increased sensitivity (87%) compared to morphological evaluation alone (73%) with
comparable specificity (resp. 93% and 96%). Both the four-biomarker panel (PR, L1CAM,
p53 and Ki-67; AUC 0.949) and the two-biomarker panel (PR and p53; AUC 0.917) showed
comparable diagnostic accuracy with the six-biomarker panel.
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0.917 (0.887-0.948)
0.955 (0.932-0.977)
0.949 (0.926-0.973)
0.917 (0.883-0.952)

Only IHC
(ER, PR, IMP3, L1CAM, P53, Ki-67, β-catenin)

Grade and six biomarkers
(ER, PR, IMP3, L1CAM, P53, Ki-67)

Grade and four biomarkers
(PR, L1CAM, p53, Ki-67)

Grade and two biomarkers
(PR and p53)

0.863 (0.790-0.936)
0.949 (0.905-0.992)
0.932 (0.881-0.982)
0.895 (0.832-0.958)

Only IHC
(PR, IMP3, L1CAM, PTEN, PMS2)

Histologic subtype and six biomarkers
(ER, PR, IMP3, L1CAM, p53, PTEN)

Histologic subtype and three biomarkers
(PR, IMP3, L1CAM)

Histologic subtype and one biomarker
(IMP3)
0.001

<0.001

<0.001

0.382

ref.

<0.001

<0.001

<0.001

0.003

ref.

P-value

69

79

84

83

83

81

84

87

83

73

Sens

97

97

94

77

80

94

94

93

83

96

Spec

97

98

96

86

87

86

85

85

68

89

PPV

65

74

79

73

74

92

93

94

92

89

NPV

20%

14%

12%

19%

18%

10%

10%

9%

17%

11%

Discrepancy rate

IHC, immunohistochemistry; AUC, area under the curve; CI, confidence interval; Sens, sensitivity; Spec, specificity; PPV, positive predictive value; NPV, negative predictive value.

0.814 (0.731-0.897)

Morphology (histologic subtype)

Histologic subtype (High-grade, n=93)

0.845 (0.802-0.888)

AUC (95% CI)

Morphology (grade)

Tumor grade (All, n=378)

Model

Table 3 Diagnostic accuracy of the different models on new imputed dataset.
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NEEC

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

not reported
not reported

Preoperative tumor grade, histologic subtype and immunohistochemical biomarkers are listed along the right side of the figure. Staining score is indicated
by color (see legend). Each vertical bar represents an individual patient. The upper row shows the postoperative diagnosis on hysterectomy by color (see legend).
EEC, endometrioid endometrial carcinoma; NEEC, non-endometrioid endometrial carcinoma; SI, staining index; NA, not available.

Figure 1 Preoperative morphological and immunohistochemical biomarkers in relation to postoperative diagnosis.
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AUC > 0.7, sensitivity, specificity, PPV and NPV ≥80%, P-value < 0.05 marked dark gray.
AUC 0.6-0.7, sensitivity, specificity, PPV and NPV 70-80% marked light gray.
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Table 4 Prediction of tumor grade.
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The addition of the most practical two-biomarker panel did not improve the discrepancy
rate of the whole cohort (11% versus 10%), but was useful in the grade 2 EC, resulting in a
decreased discrepancy rate (from 19% to 16%).

Addition of biomarkers for discrimination between EEC and NEEC
For discrimination between EEC and NEEC within preoperative high-grade ECs, morphological evaluation of histologic subtype had good diagnostic accuracy (AUC 0.814) (Table 3);
only IMP3 and L1CAM were considered of potential value as individual biomarkers
(Supplementary Table 5).
In Table 3 and Supplementary Figure 2, the diagnostic accuracy of five different prediction
models for histologic subtype are presented: morphology, immunohistochemical biomarkers
(5 biomarkers), and three different models that combine morphology with a six-, threeand one-biomarker panel (detailed characteristics of the models in Supplementary Table 6).
Addition of a panel of six biomarkers (ER, PR, IMP3, L1CAM, p53 and PTEN) significantly
improved diagnostic accuracy with an AUC of 0.949 (P<0.001), mainly by improved
specificity (94%) compared to morphology alone (80%). Reducing the number of
biomarkers to three (PR, IMP3 and L1CAM) still showed a very good diagnostic accuracy
(AUC 0.932) and decreased discrepancy rate from 18% to 14% compared to morphological
evaluation alone. Use of only one biomarker (IMP3) in combination with morphological
evaluation of histologic subtype resulted in a better diagnostic accuracy than morphology
alone (AUC 0.895 and 0.814 respectively, P=0.001), however this strategy did not decrease
discrepancy rate.
In patients with preoperative low-grade ECs, addition of the six-biomarker panel did not
decrease discrepancy rate with regard to histologic subtype compared to morphology
alone (both 6% discrepancies).

Diagnostic algorithm on preoperative endometrial specimen
Based on our results, a diagnostic algorithm, using four immunohistochemical biomarkers
(PR, p53, IMP3 and L1CAM) is proposed as presented in Figure 2. First, grade is assessed
based on systematic evaluation of morphology. In ECs not fulfilling criteria for grade 1 or
grade 3 or in case of doubt on grading, a panel of PR and p53 discriminates between lowand high-grade ECs. Within high-grade ECs a panel of PR, IMP3 and L1CAM improves
discrimination between EECs and NEECs. Use of this diagnostic algorithm decreased
clinically relevant discrepancy rate from 20% to 14%. Figure 3 shows representative examples
of cases in which this diagnostic algorithm can be useful.
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PR + OR p53 Wild-type

Immunohistochemistry
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Preoperative
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NEEC
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Immunohistochemistry

High-grade NEEC

High-grade EEC

Low-grade EEC

Preoperative
diagnosis

First, grade is assessed based on systematic assessment of morphology. In carcinomas not fulfilling criteria for grade 1 or grade 3 or in case of doubt on
grading, a panel of PR and p53 discriminates between low- and high-grade carcinomas. Low-grade carcinomas are per definition EECs. Within high-grade
carcinomas a panel of PR, IMP3 and L1CAM improves discrimination between EECs and NEECs. EEC, endometrioid endometrial carcinoma; NEEC, nonendometrioid endometrial carcinoma.

Figure 2 Diagnostic algorithm for endometrial carcinomas on preoperative endometrial specimen.
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Case 1

A

Case 2

G

Case 3

M

B

C

H

I

N

O

D

E

J

K

P

Q

F

L

R

Figure 3 Representative examples of discrepant cases in which use of the diagnostic
algorithm can be useful.
Case 1. Original preoperative diagnosis for this case was grade 2 endometrioid carcinoma (A) which
was discrepant to the postoperative diagnosis of serous carcinoma on hysterectomy (F). Using the
immunohistochemical stainings presented in the algorithm would have changed preoperative
diagnosis to a non-endometrioid carcinoma: PR is negative (B), p53 shows aberrant staining pattern
(C), IMP3 (D) and L1CAM (E) are positive. Case 2. Original preoperative diagnosis for this case was
grade 2 endometrioid carcinoma (G) and postoperative diagnosis was grade 1 endometrioid
carcinoma on hysterectomy (L). Use of the immunohistochemical stainings supported this diagnosis
on preoperative specimen: PR is positive (H), p53 shows wild-type staining pattern (I), IMP3 (J) and
L1CAM (K) are negative. Case 3. Original preoperative diagnosis was undifferentiated carcinoma (M)
and discrepant on histologic subtype to the postoperative diagnosis of grade 3 endometrioid
carcinoma (R). Using the immunohistochemical stainings presented in the algorithm would have
changed preoperative diagnosis to a grade 3 endometrioid carcinoma: PR is positive (N), p53 shows
complete negative aberrant staining pattern (O), IMP3 (P) and L1CAM (Q) are negative.
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Discussion
In this multicenter prospective cohort study including 378 patients, 46% discrepancies
and 20% clinically relevant discrepancies on tumor grade and histologic subtype between
preoperative sampling and postoperative diagnosis after hysterectomy were found.
Discrepancies on tumor grade were most pronounced in preoperative grade 2 EC (44%).
A diagnostic algorithm using systematic morphological assessment in combination with
PR and p53 for tumor grading and PR, IMP3 and L1CAM for histologic subtyping has shown to
improve diagnostic accuracy, resulting in an overall reduced discordancy of 20% to 14%.
In our recent meta-analysis we found 39% discrepancies on grade in grade 2 ECs, which is
in line with the results of the current study.8 Almost half of the discrepant preoperative
grade 2 ECs were diagnosed as NEECs in the hysterectomy specimen (4 mixed carcinomas,
2 serous carcinomas and 1 carcinosarcoma), which represents the difficult differential
diagnosis between these histologic subtypes. These discrepancies result in potential
suboptimal surgical treatment in one out of five patients. Therefore, improvement of our
preoperative diagnosis is highly clinically relevant.
In the current study, systematic assessment of preoperative histology by an expert
pathologist decreased discrepancy rate, especially in grade 2 ECs. This is in line with the
results of Kwon et al. who found most discrepancies between original and reviewed
diagnosis in grade 2 ECs.25 Though, routine review of preoperative histology can be timeconsuming. Introduction of digital pathology for consultation of an expert pathologist
and centralization of care may facilitate future diagnostic work-flow.26-29
Biomarkers will improve diagnostic accuracy as well, as single markers or in panels. Both
for prediction of postoperative tumor grade and histologic subtype very good accuracy
was found with two panels of six biomarkers in combination with routine morphological
evaluation. Previously, other studies have proposed large biomarker panels for diagnosis
in EC consisting of up to nine biomarkers.10, 17 However, a small set of markers facilitates
the use in daily practice.
For prediction of tumor grade a two-biomarker panel (PR and p53) showed a slightly
lower, but still high accuracy for identification of high-grade ECs compared to the optimal
six-biomarker panel, especially in grade 2 EC. The proposed two-biomarker panel
decreased the number of false negative diagnoses at the expense of false positive
diagnoses. One can argue that a second staging procedure in case of false negative
diagnostic classification has more risks when compared to unnecessary surgical staging
procedure in patients with a false positive diagnosis. Therefore this change in the number
of false positive diagnoses from 11 to 14 per 100 patients could be considered acceptable.
There was no additional value of biomarkers for tumor grading in cases with morphological
obvious high-grade ECs. However, in preoperative high-grade ECs a three-biomarker
panel of PR, IMP3 and L1CAM in combination with morphological evaluation is proposed
for tumor typing. This panel decreased discrepancy rate from 18% to 14%. Han et al.

130

IMPROVED DIAGNOSIS IN ENDOMETRIAL CANCER

described a panel of p53, ER and p16 to differentiate between EECs and NEECs.10 In our
current study, p16 showed poor diagnostic accuracy with an AUC of 0.520, perhaps due to
the heterogeneity of the p16 stain, with moderate agreement between TMA and whole
slide.20 However, our three-biomarker panel showed higher sensitivity (79% versus 69%)
and specificity (97% versus 91%) compared to the three-biomarker panel of Han et al.10
The clinical relevance of this discrimination in histologic subtype is uncertain, given the
current discussion about differences in outcome for in patients with grade 3 EEC compared
to NEEC.30-37
Based on the two proposed models for prediction of tumor grade and histologic subtype
a diagnostic algorithm using systematic assessment of morphology and four immunohistochemical biomarkers (PR, p53, IMP3 and L1CAM) has been developed. No additional
biomarkers are necessary in preoperative morphological grade 1 EC, representing more
than one third of the patients in our cohort. Only in grade 2 EC and in case of doubt on
nuclear grade or amount of solid growth use of biomarkers for tumor grading is advised.
The proposed panel can be performed at every lab with immunohistochemistry facilities.
This does not result in delay in diagnosis and treatment plan, while diagnostic accuracy is
improved.
The strength of our well-documented study is the large number of patients prospectively
included from multiple centers. This contributes to the generalizability in clinical practice.
To compose the best diagnostic panel, fifteen different immunohistochemical biomarkers
were studied, including both well-known and relatively new biomarkers. To minimize
staining variation, TMAs were used in this study, since this is a reliable method to study
immunohistochemical biomarkers in large patients cohorts.20 Original, non-reviewed,
preoperative diagnosis was used for development of the prediction models, since this is
the best reflection of daily practice. By using the original diagnosis, we were able to
determine the added value of immunohistochemistry in daily practice for prediction of
postoperative diagnosis.
Pathology review of all the preoperative and hysterectomy specimen was performed
blinded for original diagnosis of both preoperative and hysterectomy specimen by the
same pathologist. This could have introduced some bias and also might have overestimated
the effect of systematic assessment by an expert pathologist. In the original pathology
reports of the preoperative specimen, tumor grade was not reported in 6% of the patients.
At review, almost all of these tumors (22/24) were graded as low-grade. Therefore, it does
not seem that tumor grade could not be determined in these cases but that some
pathologists report grade on preoperative specimen in high-grade tumors only because
of possible tumor heterogeneity. We did not find it justifiable to exclude these patients in
the analyses and therefore decided to use the revised preoperative tumor grade in these
patients.
Although our algorithm improved preoperative diagnostic accuracy, some discrepant
cases will remain due to intratumor heterogeneity and sampling errors, especially in large
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tumors.38, 39 Combination of morphology with molecular analyses might further improve
EC diagnosis. The Cancer Genome Atlas Research Network (TCGA) classification identified
four molecular prognostic subgroups of EC, which have been translated into a more
clinically applicable method by using immunohistochemical biomarkers and sequencing
of a portion of the POLE gene.40-43 However, molecular analysis will be complementary to
the morphology, since some parameters can only be identified on morphological
examination.44, 45
In conclusion, we recommend the use of four immunohistochemical biomarkers (PR, p53,
IMP3 and L1CAM) on preoperative histology to reduce discordancy in grade 2 as well as
histologic classification within high-grade ECs. Use of these easily accessible biomarkers in
combination with standardized morphological evaluation improves preoperative
identification of patients that need surgical staging. The proposed preoperative diagnostic
algorithm needs to be prospectively validated.
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432 patients
included in study
Excluded after pathology review (n=54):
•
•
•
•
•

Uncertain uterine origin (n=1)
No invasive cancer in preoperative tissue (n=36)
No residual tumor in hysterectomy specimen (n=8)
Final diagnosis based on preoperative specimen (n=1)
Insufficient amount of preoperative tissue for grading (n=8)

378 patients
included for analysis

Supplementary Figure 1 Flowchart of the study.
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Supplementary Figure 2 ROC curves of grade and histologic subtype prediction models.
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BD

Sigma

BD

BD

Dako

Cell Signaling

Dako

Immunologic

Immunologic

BioLegend

Dako

Dako

Immunologic

Source

Pos

Pos

Pos

Pos

Pos

Pos

SI ≥ 6

SI ≥ 2

SI ≥ 5

≥ 50%

SI ≥ 4

SI ≥ 5 or
complete
negative

SI ≥ 4

SI ≥ 4

SI ≥ 4

SI ≥ 4

Cut-off

0.881

0.843

0.896

0.802

0.924

0.808

0.480

0.713

0.334

0.511

0.713

0.534

0.868

0.897

0.839

0.888

Interobserver
variability (kappa)
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Supplementary Table 2 Reviewed preoperative versus postoperative diagnosis on
hysterectomy specimen.
Reviewed preoperative
diagnosis

Grade 1 EEC

Postoperative diagnosis (hysterectomy)
Grade 2 EEC

Grade 3 EEC

NEEC

Total
180

Grade 1 EEC

119 (66%)

55 (31%)

1 (1%)

5 (3%)

Grade 2 EEC

18 (19%)

63 (65%)

12 (12%)

4 (4%)

97

Grade 3 EEC

2 (6%)

5 (15%)

16 (47%)

11 (32%)

34

NEEC

1 (2%)

1 (2%)

6 (10%)

55 (87%)

63

Grade 3, type not reported

0 (0%)

0 (0%)

3 (75%)

1 (25%)

4

Total

140

124

38

76

378

EEC, endometrioid endometrial carcinoma; NEEC, non-endometrioid endometrial carcinoma; Discordances are
marked light and dark gray, discordances considered as clinically relevant are marked dark gray.
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Supplementary Table 3 Preoperative morphological and immunohistochemical
biomarkers.
Postoperative diagnosis
(hysterectomy)
Biomarker
Original preoperative
grade

AH/Low-grade
High-grade
Not reported

EEC gr 1-2

EEC gr 3

n %

n %

NEEC
n %

p-value

234 (89)

12 (32)

17 (22)

<0.001

8 (3)

25 (66)

58 (76)

22 (8)

1 (3)

1 (1)

Original preoperative
histologic subtypea

261 (99)

34 (92)

28 (37)

NEEC

3 (1)

3 (8)

48 (63)

ER

SI ≥ 4

256 (99)

28 (78)

46 (61)

PR

SI ≥ 4

240 (93)

25 (69)

24 (32)

<0.001

IMP3

SI ≥ 4

45 (17)

14 (39)

58 (77)

<0.001

EEC

L1CAM

SI ≥ 4

P53

Aberrant

P16

SI ≥ 4

<0.001
<0.001

7 (3)

6 (17)

41 (55)

<0.001

31 (12)

18 (50)

54 (73)

<0.001

240 (93)

32 (89)

70 (93)

0.686

Ki-67

≥ 50%

61 (24)

27 (75)

55 (75)

<0.001

Stathmin

SI ≥ 5

58 (23)

21 (58)

38 (51)

<0.001

113 (44)

18 (50)

50 (69)

0.001

72 (28)

4 (11)

4 (5)

<0.001

204 (79)

28 (78)

38 (51)

<0.001

PTEN

SI ≥ 2

β-catenin nuclear

Pos

β-catenin cytpl/membr

SI ≥ 6

ARID1A

Pos

253 (98)

36 (97)

74 (99)

0.850

MLH1

Pos

209 (81)

27 (75)

70 (93)

0.017

PMS2

Pos

202 (78)

24 (67)

68 (91)

0.008

MSH2

Pos

253 (98)

37 (100)

71 (95)

0.146

MSH6

Pos

253 (98)

36 (100)

73 (97)

0.633

AH, atypical hyperplasia; EEC, endometrioid endometrial carcinoma; NEEC, non-endometrioid endometrial
carcinoma; SI, staining index.
aIn one patient histologic subtype could not be determined.
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-0.848

0.180

-1.726
-1.212
0.587
1.176
1.015
1.470
-0.082
-

Intercept

Original preoperative grade
Original preoperative
histologic subtype
ER
PR
IMP3
L1CAM
P53
P16
Ki-67
PTEN
β-catenin nuclear
MLH1
PMS2

0.08

0.11
0.239

Optimal cut-off

IHC, immunohistochemistry; AUC, area under the curve; CI, confidence interval.

0.255

0.939 (0.917-0.962)

0.904 (0.873-0.935)

AUC corrected for optimism
(95% CI)
Brier score

-1.163
-1.141
0.376
0.938
0.424
1.416
-

3.005

Optimal Model:
grade

Optimal Model:
only IHC

Variable

Supplementary Table 4 Prediction models for tumor grade.

0.255

0.08

0.944 (0.921-0.966)

-1.138
-1.227
0.397
0.986
0.456
1.498
-

3.191
-

-0.923

Optimal Model:
grade and
histologic subtype

0.591

0.08

0.939 (0.915-0.962)

-1.774
1.404
0.399
1.855
-

3.238

-1.824

4-Biomarker model

0.591

0.09

0.901 (0.867-0.935)

-1.764
1.340
-

3.210

-0.973

2-Biomarker model
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31/91
50/91
58/91
38/91
61/90
85/91
63/90
47/91
52/89
85/91
39/91
89/92
82/92
78/91
89/92
9091

SI < 4

SI < 4

SI ≥ 4

SI ≥ 4

Aberrant

SI ≥ 4

≥ 50%

SI ≥ 5

SI ≥ 2

Neg

SI < 6

Pos

Pos

Pos

Pos

Pos

0.491 (0.474-0.508)

0.474 (0.445-0.503)

0.602 (0.518-0.686)

0.577 (0.502-0.652)

0.521 (0.477-0.564)

0.646 (0.548-0.745)

0.520 (0.462-0.577)

0.627 (0.522-0.733)

0.523 (0.415-0.631)

0.574 (0.472-0.676)

0.520 (0.462-0.577)

0.628 (0.526-0.731)

0.709 (0.619-0.798)

0.739 (0.642-0.835)

0.693 (0.594-0.793)

0.625 (0.532-0.717)

AUC (95% CI)

98

95

93

95

98

53

95

67

50

75

95

77

57

81

69

43

Sensitivity
for NEEC

0

0

27

21

6

76

9

58

46

39

9

49

85

67

70

82

Specificity
for NEEC

62

61

68

66

63

79

63

73

60

67

63

71

86

80

79

80

PPV for
NEEC

AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; SI, staining index.
AUC > 0.7, sensitivity, specificity, PPV and NPV ≥80%, P-value < 0.05 marked dark gray.
AUC 0.6-0.7, sensitivity, specificity, PPV and NPV 70-80% marked light gray.

MSH6

MSH2

PMS2

MLH1

ARID1A

β-catenin cytopl/membr

β-catenin nuclear

PTEN

Stathmin

Ki-67

P16

P53

L1CAM

IMP3

PR

ER

Number
of cases

0

0

71

71

67

50

52

52

35

49

52

56

54

68

58

47

NPV for
NEEC

Supplementary Table 5 Prediction of histologic subtype within subgroup of preoperative high-grade carcinomas.

1.000

0.293

0.012

0.035

0.552

0.007

0.664

0.019

0.677

0.139

0.664

0.012

<0.001

<0.001

<0.001

0.016

P-value
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Supplementary Table 6 Prediction models for histologic subtype within preoperative
high-grade carcinomas.
Variable

Optimal
Model:
only IHC

Optimal
Model:
histologic
subtype

3-Biomarker
model

1-Biomarker
model

Intercept

-0.621

-2.376

-2.096

-2.290

3.135

2.279

2.528

Original preoperative
histologic subtype
ER

-

0.764

-

-

PR

-0.887

-1.340

-0.777

-

IMP3

1.301

1.466

0.967

1.772

L1CAM

0.971

1.584

1.427

-

P53

-

-0.851

-

-

P16

-

Ki-67

-

PTEN

1.197

0.734

-

-

β-catenin nuclear

-

MLH1

-

PMS2

0.507

-

-

-

AUC corrected for
optimism (95% CI)

0.814
(0.739-0.888)

0.918
(0.874-0.962)

0.910
(0.858-0.961)

0.865
(0.802-0.928)

Brier score

0.18

0.11

0.12

0.14

Optimal cut-off

0.587

0.636

0.574

0.882

IHC, immunohistochemistry; AUC, area under the curve; CI, confidence interval.
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Supplementary Data
Statistical analysis
In order to predict postoperative tumor grade (low- versus high-grade) and histologic
subtype (endometrioid versus non-endometroid carcinoma) in patients with EC on
preoperative histology, separate prediction models for grade and histologic subtype were
developed. For the grade prediction models, all patients were included whereas for the
histologic subtype prediction models, only patients with preoperative high-grade carcinomas
were included. The following variables were considered: original preoperative tumor grade,
original histologic subtype, and 15 immunohistochemical biomarkers (β-catenin separated
in cytoplasmic/membranous and nuclear staining). When preoperative tumor grade was
not reported in the original pathology report, the reviewed preoperative tumor grade
was used. Biomarkers with hardly any variation in the dataset were removed from the
model building process: MSH2, MSH6, and ARID1A. Two biomarkers with low interobserver
agreement (kappa <0.5) were also excluded: stathmin and β-catenin cytoplasmatic/
membranous staining. Because of the low number of patients for the development of the
histologic subtype prediction model compared to the number of variables, biomarkers
with an AUC of <0.6 in univariate analysis were also excluded.
Because of the small number of cases relative to the number of possible predictors, and to
obtain a model with as few predictors as possible without overfitting, LASSO multivariable
logistic regression was used.1 Penalty parameter lambda was selected by means of 10
times repeated 10-fold cross-validation (CV). Lambda’s were selected with three modeling
purposes: a lambda resulting in an optimal model that minimized the CV error (Optimal
model), a lambda that resulted in a model with 4 or 3 immunohistochemical markers
(4/3-Biomarker model), and a lambda that resulted in a model with 2 or 1 markers
(2/1-Biomarker model), for the grade and histologic subtype models respectively. For the
Optimal Model both a combination of morphological evaluation and immunohistochemical biomarkers was tested (Optimal model: grade; Optimal Model: grade and histologic
subtype and Optimal Model: histologic subtype, respectively) and immunohistochemical
biomarkers only (Optimal Model: only IHC).
Multiple imputation (10 imputation data sets) was used to impute missing data for immuno
histochemical biomarkers (data missing in 2% to 3% of the patients) and in one patient for
preoperative histologic subtype.2 Only parameters that were selected in at least 5 of the
10 corresponding prediction models were included in the final model, with as coefficient
for each included parameter the mean of its available coefficient estimates. Calibration
was evaluated by means of a calibration plot. Discrimination was summarized by means of
the AUC.
Internal validity of the model was checked by means of 200 bootstrap runs, in each of
which the full process described above was repeated. Per bootstrap run, a bootstrap
sample was made, followed by creating 10 datasets by means of multiple imputation,
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model fitting by means of repeated CV, and selecting variables that were included in at
least 5 of the 10 models for the final bootstrap model. These 200 models were used to
estimate the optimism in the AUC, the Brier score, and the shrinkage factor for the final
models.
To compare diagnostic accuracy of the different models, the AUC, sensitivity, specificity,
PPV and NPV of the different models for both grade and histologic subtype were calculated
on one imputed dataset which was not used for development of the model. P-values
for comparison of AUCs of the different models were calculated using the method of
Delong et al.3
To calculate the discrepancy rate for the proposed diagnostic algorithm compared to the
original morphological diagnosis, the original dataset was used, including missing data,
which is inherent to daily practice.

Statistical analysis
Analyses were performed with the statistical software SPSS version 22 (SPSS IBM, New York,
NY, USA) and R, version 3.4.34, with the packages gplots version 3.0.1 for the heatmap5,
glmnet version 2.0-13 for the lasso logistic regression1, mice version 3.3.0 for multiple
imputation2, PredictABEL version 1.2-2 for the calibration plot6, pROC version 1.12.1 for the
AUC7 and OptimalCutpoints version 1.1-4 for calculation of the optimal cut-off points.8
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General discussion
and future perspectives

GENERAL DISCUSSION AND FUTURE PERSPECTIVES

In this thesis biomarkers are described that can be used for the preoperative identification of
patients with high-risk endometrial carcinoma. We have proposed a panel of biomarkers
that can be implemented in daily clinical practice to improve preoperative risk classification.
The clinical relevance and implications of the main findings of the studies in this thesis are
discussed below.

Diagnosis
Primary surgical treatment in patients with an endometrial carcinoma is mainly based on
preoperative histological diagnosis. In low-grade (grade 1-2) endometrial carcinoma with
only superficial myometrial invasion (<50%), a hysterectomy including a bilateral salpingo-oophorectomy is recommended, while in patients with high grade or clinically
advanced stage, more extended surgery is indicated.1, 2 The diagnosis on preoperative
biopsies is far from perfect and deals with both technical issues and diagnostic challenges.
Office endometrial sampling fails in 11% because of technical problems, and in 31% there
is insufficient amount of tissue for histological diagnosis.3 We have shown in chapter 1,
that even in cases with sufficient tissue, there is a discrepancy between preoperative and
postoperative tumor grade on hysterectomy specimen in 33%. Thus office endometrial
sampling results in a correct preoperative histological diagnosis in less than half of the
patients.

Technical issues
Sampling techniques
Preoperative histology can be obtained by different techniques. Dilatation and curettage
(D&C) was for a long time the established gold standard in preoperative histology, which
is now replaced by hysteroscopic biopsy.2 In chapter 1 we showed, in a systematic review,
that hysteroscopic biopsies lead to a significantly higher agreement between preoperative
and postoperative tumor grade than D&C. Although we found a higher agreement rate
for hysteroscopic biopsies compared to office endometrial sampling, this difference was
not statistically significant. Higher accuracy rates of hysteroscopic biopsies can, at least
partly, be explained by direct visualization, in contrast to the blind sampling with the
other techniques. So far prospective studies comparing different sampling techniques on
the concordance between preoperative and postoperative tumor grade are lacking, and
therefore we cannot draw a conclusion on the best sampling technique.
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Amount of tissue
The amount of tissue is relevant for the accuracy of the preoperative diagnosis. In chapter 6
we have found more discrepancies in cases with lower amount of tissue. To our knowledge,
there is no literature on the difference in obtained amount of tissue for the different
techniques in relation to the adequacy of diagnosis in patients with endometrial cancer.
For office endometrial sampling, we have proposed a cut-off value of 35 mm2 to classify
an endometrial sample as conclusive with a positive predictive value of 93% and negative
predictive value of 86%.4 In women with postmenopausal bleeding, thickened
endometrium and endometrial sampling with insufficient or limited tissue for adequate
histopathological diagnosis, there is still a risk of an endometrial (pre)malignancy of
6-47%.4-7 In these women further endometrial sampling is recommended.4, 5 Therefore,
the pathologist should be well informed about whether or not the endometrium is
thickened in order to warn the clinician in case of only limited tissue in patients with
thickened endometrium.

Diagnostic challenges
Tumor grade and histologic subtype
Based on the WHO classification endometrial carcinomas can be subdivided into four
main groups: grade 1, 2 and 3 endometrioid endometrial carcinomas (EEC) and non-
endometrioid carcinomas (NEEC).8 Grade 1 and 2 EECs are considered low-grade and
grade 3 EECs and NEECs are considered high-grade carcinomas.9
In chapter 1 and 6 we have shown that there is only a moderate agreement on tumor
grade between preoperative endometrial sampling and postoperative diagnosis on hysterectomy. Tumor grading shows poor reproducibility, especially for grade 2 tumors.10-12
This raises the question of the clinical relevance of differentiating grade 2 from grade 1
and 3. Although some studies describe a small, yet significant, difference in prognosis
between grade 1 and 2 EEC11, 13, 14, others did not find a significant difference.12, 15, 16
Patients with grade 1 and 2 EEC are managed similarly.1, 2 Combining grade 1 and 2 into a
low-grade category and grade 3 as high-grade in patients with preoperatively EEC, we
found in 8% to 11% of the patients clinically relevant upgrading and in 14% to 26% clinically
relevant downgrading (chapter 1 and 6). These patients are respectively under- and
overtreated. Combining the issues with agreement in grading and the clinical relevance of
these differences, a binary grading system would better fit in clinical practice, and has
shown to have a higher intra- and interobserver reproducibility compared to the FIGO
three-tiered system.11, 12, 14-16 The reported binary grading systems are based on the
amount of solid growth, growth pattern, nuclear atypia, mitotic index and tumor cell
necrosis.12, 14, 15 One system also included vascular invasion as a parameter, which cannot
be assessed on preoperative endometrial samples.14 The diagnostic algorithm including
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immunohistochemical biomarkers described in chapter 6 can help in discriminating lowand high-grade carcinomas.
With regard to histologic subtype, we have found a discrepancy between preoperative
endometrial sampling and postoperative diagnosis on hysterectomy in 5% to 19% of the
patients (chapter 1 and 6). Although some studies report poorer outcome in patients
with NEEC compared to grade 3 EEC, others show comparable outcome.17-24 Therefore,
the clinical relevance of discrimination between EEC and NEEC within high-grade
endometrial carcinomas can be questioned. However, the extent of the surgical procedure
differs between grade 3 EEC and NEEC, and therefore, preoperative discrimination between
EEC and NEEC is still required.

Potential explanations and solutions
Tumor heterogeneity
Intratumor heterogeneity can explain part of the discrepancies between preoperative
and postoperative histological diagnosis.25 The classical example of intratumor histological
heterogeneity is demonstrated in mixed carcinomas. Half of the mixed carcinoma in
hysterectomy specimen were missed on preoperative histology.26
Immunohistochemical heterogeneity can influence the use of immunohistochemical
biomarkers on preoperative histology. With endometrial sampling, most of the tumor
tissue is acquired from superficial parts of the tumor instead of the invasive front.
For example, we have noticed in chapter 2 and 3 that L1CAM staining was mainly
localized on the invasive front and has a more patchy staining pattern compared to IMP3.
This difference in staining pattern and localization potentially hampers the representativeness
of immunohistochemistry on preoperative histology. Therefore, results of biomarkers tested
on hysterectomy specimen cannot be translated directly to preoperative endometrial samples.
Tumor heterogeneity is relevant for prognosis as well, since studies have shown that
patients with a discordant preoperative and postoperative histological diagnosis represent
an intermediate risk group.27, 28

Systematic assessment by an expert pathologist
Although tumor heterogeneity is inherent to carcinogenesis, we have searched for ways
to decrease the discrepancy between preoperative and postoperative diagnosis on
hysterectomy. Thomas et al. have shown that in grade 3 carcinomas there was significantly
greater diagnostic agreement in gynecologic pathology-focused sign-out compared to
general sign-out practice.29 Within the whole spectrum of surgical pathology, most
frequent disagreements were found in specimen from the female genital tract.30 Specific
studies on endometrial carcinomas show a discrepancy rate of 43% between original
pathology and reviewed diagnosis in hysterectomy specimen and 24% in preoperative
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specimen.31, 32 In our prospective study, described in chapter 6, we have found
discrepancies in 39% of the patients after systematic assessment of preoperative histology
by an expert pathologist. This is higher than Jacques et al. reported on preoperative
specimen.32 This can partially be explained by the exclusion in our study of all cases with
benign or premalignant lesions in preoperative tissue at review. This highlights the
importance of pathology review of endometrial histology by an expert pathologist and
this should be considered to be implemented in the diagnostic workup in patients with
endometrial cancer. Since most discrepancies were found in low-grade carcinoma, more
specific in grade 2 carcinomas, at least in this group review by an expert pathologist is
advised.

Immunohistochemical biomarkers
Panel of immunohistochemical biomarkers
In the last years many individual biomarkers have been investigated to improve the
identification of high-grade endometrial carcinomas. L1CAM is one of the most powerful
immunohistochemical biomarkers so far described. In chapter 2 we have shown that
L1CAM is more frequently expressed in high-grade EEC and NEEC. Although for L1CAM, for
example, the diagnostic and prognostic value has been shown and validated in many
studies33-38, this biomarker has not been implemented in daily practice yet. Combination
of biomarkers improves diagnostic accuracy. In chapter 3 we have shown that combined
use of IMP3 and L1CAM is a better diagnostic marker for discrimination between low- and
high-grade endometrial carcinomas compared to IMP3 and L1CAM alone.
Several other studies have proposed a panel of immunohistochemical biomarkers to
improve diagnosis.39-42 Santacana et al. have proposed a panel of nine immunohistochemical biomarkers to discriminate between low-grade EEC and serous carcinoma.42
These nine biomarkers included p53, IMP2, IMP3, cyclin E1, HMGA2, FolR1, p16, nuclear
PTEN and estrogen receptor (ER). This panel identified all serous carcinomas and almost all
low-grade EEC correctly in externally validated series, with a sensitivity and specificity of
respectively 100% and 83%.42 Han et al. have proposed a panel of seven biomarkers for
the best discrimination between grade 3 EEC and serous carcinoma, and proposed a
more practical panel of three biomarkers, including p53, ER and p16.40 This panel showed
a sensitivity and specificity for detection of serous carcinoma of respectively 69% and 91%.
However, these panels were tested on hysterectomy specimen and not validated on
preoperative endometrial samples. Nastic et al. tested a panel of four biomarkers on
preoperative endometrial biopsies and found that a combination of PR, p53 and DNA
ploidy increases the reproducibility and accuracy in endometrial biopsy diagnosis.39
Agreement with postoperative diagnosis with regard to low- versus high-grade,
significantly increased with this panel from 84% to 89%.39 A limitation of this study is that
only four biomarkers were tested, while more, promising immunohistochemical
biomarkers were not incorporated. To identify the most optimal panel of diagnostic
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PR – AND p53 Aberrant

PR + OR p53 Wild-type

Immunohistochemistry
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Low-grade
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grade
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IMP3 – AND L1CAM –
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L1CAM +
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L1CAM –

Immunohistochemistry

High-grade NEEC

High-grade EEC

Low-grade EEC

Preoperative
diagnosis

First, grade is assessed based on morphology. In carcinomas not fulfilling criteria for grade 1 or grade 3 or in case of doubt on grading a panel of PR and p53
discriminates between low- and high-grade carcinomas. Low-grade carcinomas are per definition EECs. Within high-grade carcinomas a panel of PR, IMP3
and L1CAM improves discrimination between EECs and NEECs. EEC, endometrioid endometrial carcinoma; NEEC, non-endometrioid endometrial carcinoma.

Figure 1 Diagnostic algorithm for endometrial carcinomas on preoperative endometrial specimen.
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biomarkers in preoperative endometrial sampling, in chapter 6, we have tested 15
different antibodies, varying from well-established biomarkers, such as ER, PR, p53 and
Ki-67, to newer biomarkers, such as IMP3 and L1CAM. Based on these results, we have
proposed a diagnostic algorithm, using four immunohistochemical biomarkers, including
PR, p53, IMP3 and L1CAM to predict postoperative tumor grade and histologic subtype on
preoperative specimen (Figure 1). Using PR and p53 showed a sensitivity of 81% and
specificity of 94% for prediction of final tumor grade, while p53, IMP3 and L1CAM showed
a sensitivity of 79% and specificity of 97% for prediction of histologic subtype (chapter 6).
Since using this panel of biomarkers on the whole cohort resulted in only a minimal
decrease in discrepancy rate, we have proposed to use this panel in a selected group of
patients. In morphological grade 2 carcinomas and in cases in which there is doubt on
grade (for example doubt between EEC grade 2 and NEEC) a panel of PR and p53
decreased discrepancy rate on grade from 19% to 16%. With regard to histologic subtype,
the panel of PR, IMP3 and L1CAM has most added value within high-grade carcinomas
since most low-grade carcinomas based on morphology alone are indeed low-grade
EECs. The proposed diagnostic algorithm using four biomarkers decreased clinically
relevant discrepancy rate from 20% to 14%, resulting in a Number Needed to Test (NNT) of
17. Before this panel can be implemented in daily practice it should first be validated on
another cohort of patients.

Conditions for clinical implementation
To improve risk classification we have studied several immunohistochemical biomarkers
in chapter 2 to 6. However, before a biomarker can be implemented in daily clinical
practice it is important that it meets a number of conditions. First, a diagnostic biomarker
should be accurate and ideally have a high sensitivity and specificity. Thereby, positive and
negative predictive value should be taken into account, to minimize the number of
patients that receive over- or undertreatment, as considered later in this discussion.
Second, the reproducibility is crucial. In research setting the tested biomarker is often
scored by one or two investigators who gain a lot of experience with a specific immunohistochemical biomarker, whereas in daily practice the staining will be evaluated by many
different pathologists between other daily activities instead of multiple slides with the
same biomarker evaluated one after another. Therefore, we have argued in chapter 6,
that a good immunohistochemical biomarker should have a low inter-observer variability.
Thereby, it is important that a biomarker is easy to score. Furthermore, immunohistochemical heterogeneity can influence the representativeness, which can be a challenge in
preoperative histology. Especially expression of biomarkers with more expression on the
invasive front might be underestimated in preoperative histology.
In addition, the costs of an antibody and availability in different laboratories may play a
role in the choice for biomarkers. PR and p53 are relatively cheap antibodies compared to
the more expensive antibodies PTEN and stathmin.
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99

33

56

65

42

65

92

75

53

62

93/41

98

87

83

96

98

ER

PR

IMP3

L1CAM

P53

P16

Ki-67

Stathmin

PTEN

β-catenin (n /c and m)

ARID1A

MLH1

PMS2

MSH2

MSH6
95

95

93

95

98

95/53

67

50

75

95

77

57

81

69

43

0

0

27

21

6

9/76

58

46

39

9

49

85

67

70

82

Low

Low

Low

Low

Low

High

Low

High

Medium

Low

Medium

Low

Low

Low

Low

Sensitivity Specificity IntraNEECa
NEECa
observer
variabilitya

+/-

+

+

+

+/-

-

-

-

+/-

+

+/-

+

+

+

+

Ease to
scorea

-

-

-

-

-

-

+/-

+/-

-

+

+/-

+/-c

-

+/-

+/-

Heterogeneityb

High

High

High

High

High

Low

High

High

Low

Low

Low

Low

Low

Low

Low

Costs

+

+

+

+

-

+

-

-

+

+

+

-

-

+

+

Overall
availability

ND

ND

ND

ND

ND

+

ND

ND

+

ND

+

ND

ND

+

+

Digital
scoring43-50

aDerived from PIPENDO study (chapter 6); bDerived from chapter 3 and 5; cMainly on invasive front; NEEC, non-endometrioid endometrial carcinoma; n, nuclear; c and m,
cytoplasmatic and membranous; ND, not described.

2

2

22

19

2

28/79

56

78

76

7

88

97

83

93

Specificity
high-gradea

Immunohistochemical Sensitivity
biomarker
high-gradea

Table 1 Diagnostic immunohistochemical markers.
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Another aspect that might be more important in the future, is the possibility for
computerized evaluation of biomarkers. The limited literature regarding this topic is
mostly on Ki-67 and hormone receptors in breast cancer specimen.43-47 These studies
show that there is a moderate to almost perfect agreement between manual evaluation
by a pathologist and computerized image analysis.43-47
The conditions described above for the different antibodies are summarized in Table 1.

Future perspectives
Digital pathology
In chapter 6 we have shown that review of preoperative histology by an expert
pathologist improves preoperative histological diagnosis. Yet, routine second assessment
of glass slides by an expert pathologist is time-consuming resulting in a delay in diagnosis
and treatment plan and has other disadvantages such as risk of broken slides or losing the
slides by regular mail. Whole-slide imaging can aid in rapid and relatively easy consultation
of an expert pathologist in another laboratory. Digital pathology has been proven to be a
safe and accurate method for making a histopathological diagnosis in general surgical
pathology, not only on resection specimen but also on breast and colon biopsies.51-54
Baidoshvili et al. have validated the suitability of a teleconsultation network for remote
digital consultation using whole-slide images.55
Deep learning algorithms have recently been introduced in pathology and have
demonstrated in breast cancer specimen to improve diagnostic performance compared
to a panel of pathologists.56 Another study on breast cancer has shown that image
analysis with deep learning can detect high-grade tumors with an accuracy of 82% and
predict histologic subtype with 94% accuracy.57 Thus, computer-aided diagnosis might
help in identifying high-grade patients, and needs to be evaluated in the setting of
endometrial carcinoma diagnosis.
Computerized image analysis can also assist the pathologist in scoring complex biomarkers
and will contribute to a more objective and reproducible evaluation. Aeffner et al.
describes visual and cognitive traps that can bias manual scoring by a pathologist, such as
confirmation bias and several color illusions.58 To date, there is no literature on computerized
image analysis of immunohistochemical biomarkers in endometrial carcinomas.

From immunohistochemical to molecular biomarkers
Although hysteroscopic biopsies seem to have a higher agreement with postoperative
histological diagnosis on hysterectomy, this method is more expensive and timeconsuming with no statistical difference in acceptability compared to office endometrial
sampling. 3, 59-62 Therefore, new techniques are currently developed to improve the
accuracy of office endometrial sampling. The use of immunohistochemical markers still
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requires some recognizable tumor tissue in the preoperative endometrial sample. Since
molecular markers don’t require recognizable tumor tissue, these markers might be of
additional value, especially in the high number of cases with insufficient tissue for
histological diagnosis on endometrial sampling. A recent study from our research group
and a study from Colas et al. showed that in the less invasive endometrial samples,
molecular markers can be identified that were differentially expressed in endometrial
carcinomas.63, 64 Mutation analysis on endometrial samples had a high accuracy for
diagnosing endometrial cancer and combination with histopathological assessment even
improves the sensitivity and specificity to more than 95%.64, 65 In addition, molecular
diagnostics on cervical cytology showed comparable diagnostic accuracy to histopathological assessment of endometrial samples.64 Another study has shown that seven out of
eight non-diagnostic endometrial samples showed a similar mutation profile to that of
the hysterectomy specimen.66 One of the advantages of the molecular assay is that in
over two-thirds of the patients with insufficient tissue for histological diagnosis,
endometrial samples yielded sufficient RNA for molecular diagnosis.65 Combination of
histological and molecular diagnosis increased the number of cases that could be
diagnosed on uterine aspirates from 76 to 93%.65
Another advantage of molecular analysis is that it can capture tumor heterogeneity in
preoperative samples.66 Mota et al. sequenced multiple tumor regions in hysterectomy
specimens and compared them with paired endometrial samples.66 In 83% of the patients
with an EEC, all the mutations detected in the hysterectomy specimen were found in the
preoperative endometrial sample.66 Molecular analysis on endometrial samples might
give a better reflection of the tumor than histological evaluation.63, 65, 66 Interestingly,
more than three quarter of the tumors with a discordant histological grading between
preoperative sample and hysterectomy specimen show concordant results in mutational
analysis between preoperative sample and hysterectomy specimen.66
This leads to the discussion whether molecular diagnostics should be performed on
preoperative endometrial specimen in all patients or on a specific subgroup of patients.
For example, in patients with preoperatively grade 1 EEC with enough evaluable tumor
tissue in their preoperative endometrial specimen, there seems only limited added value
of addition of biomarkers to morphological evaluation with regard to agreement with
postoperative diagnosis. However, as prognostic marker, molecular diagnostics on
preoperative or hysterectomy specimen in those subgroup of patients might have
additional value. Since most patients with endometrial carcinoma are diagnosed at an
early stage (FIGO 2009 stage I and II) with good prognosis, additional biomarkers should
ideally be performed in a select group of patients.67 Diagnostic accuracy and cost-effectives of molecular diagnostics as diagnostic and prognostic biomarker on endometrial
specimen and the implementation in current practice should be studied in future.
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Implications for treatment
Treatment
According to the Society of Gynecologic Oncology (SGO) and ESMO-ESGO-ESTRO
guidelines, the extend of primary surgery in patients with endometrial carcinoma is based
on preoperative histology.1, 2 However, we have shown in chapter 1 that in a substantial
number of cases there is clinical relevant up- and downgrading, 8% and 26% respectively.
These patients may need an additional surgical procedure for staging or were overtreated.
The consequences of both over- and undertreatment should be considered for the
individual patient. In around 30% of the patients postoperative complications were
reported after pelvic lymphadenectomy, such as pulmonary embolism, relaparotomy for
bowel obstruction, sepsis and deep venous thrombosis, compared to 14% postoperative
complications in patients without lymphadenectomy.68, 69 The introduction of sentinel
lymph node procedure may contribute to a reduction of surgical morbidity, yet, the ‘a
priori’ risk of lymph node involvement is strongly related to the proper histological
grade.70-72 Therefore it is clinically important to minimize the discrepancy between
preoperative and postoperative risk classification. In chapter 6 we have demonstrated
that the use of a diagnostic algorithm using four immunohistochemical biomarkers on
preoperative histology can decrease this clinically relevant discrepancy rate from 20%
to 14%.
The majority of the patients with endometrial cancer has low-risk disease (grade 1-2 with
only superficial myometrial invasion [<50%]) and is treated with surgery alone.73 Although
adjuvant treatment was not a focus of this thesis, this plays a role in the recognition of
patients with high-risk for extended disease and recurrences. The choice for adjuvant
treatment is based on postoperative risk classification which includes, amongst others,
lymphovascular space invasion (LVSI).1, 74 LVSI as currently included in the postoperative
risk classification comprises both lymphatic (LVI) and blood vessel invasion (BVI), which
can be differentiated by immunohistochemistry. In chapter 4 we have shown that
lymph-node positive patients showed more often LVI compared with lymph nodenegative patients and BVI seems to be a predictor for recurrent disease, which was
confirmed by a recent study of Sato et al.75 Differentiation between LVI and BVI could
possibly have consequences for choice of adjuvant treatment, although, up till now there
are no studies on the role of LVI and BVI individually regarding adjuvant treatment choice.
In chapter 2 and 3 we have shown that both L1CAM and IMP3 are associated with distant
spread of disease. Therefore, these markers could possibly improve postoperative risk
classification and direct choice for adjuvant treatment.

Optimized prognostic markers
Tumor grade, according to the revised 1988 FIGO criteria, is a prognostic marker, with
lower overall and disease-specific survival in patients with high-grade tumors.11, 12, 14-16
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However, this is not a perfect marker, since half of the lymph node metastases is found in
patients with low-grade carcinoma.76-78 On the other hand, the TCGA Research Network
identified a group of patients with POLE exonuclease mutations that have a favorable
outcome, with half of these patients having a high-grade carcinoma.79 Further studies
have shown that within high-grade carcinomas POLE exonuclease domain mutations are
associated with excellent progression-free survival.79-81 Although the TCGA classification
is a promising and popular prognostic classification in recent literature on endometrial
carcinomas, it cannot replace classical pathological prognostic factors.82 Therefore a
combination of clinical, pathological and molecular parameters is proposed for the best
prognostic model.82-85
On the one hand, an accurate and reproducible preoperative diagnosis is necessary for
primary surgical treatment decision, although, on the other hand we want reliable
information about prognosis for the patient. Therefore, the question is raised whether we
should focus on outcome instead of grade preoperatively. Clinical parameters such as age,
BMI and comorbidity in combination with cervical cytology and biomarkers on
preoperative histology might more accurately identify patients with high-risk disease.
Several prediction models have been described in literature, of which most are based on
postoperative findings.78, 86-96 Koskas et al. evaluated and compared these models on a
large cohort of patients and found that only one out of the three preoperative models, the
Korean Gynecologic Oncology Group (KGOG) model, resulted in an AUC of >0.75 for
prediction of lymph node metastases.86, 97 This KGOG model included preoperative
serum CA-125 and MRI evaluation. Overall, the postoperative models predicted better
than preoperative models.97 Alhilli et al. were the only who included comorbidity in the
model, although this model included variables that can only be obtained after primary
surgery.95 None of the preoperative models included clinical parameters such as
comorbidity. Currently, within the European Network for Individualized Treatment of
Endometrial Cancer (ENITEC) network a preoperative prediction model is being developed
to identify patients with high-risk disease preoperatively. We will also study on the
PIPENDO cohort whether clinical parameters in combination with cervical cytology and
biomarkers on preoperative histology can predict outcome preoperatively.

Conclusion
Accurate preoperative histological diagnosis is crucial for preoperative risk classification in
order to identify patients at risk for extended disease that need surgical staging. Based on
morphology alone, overall, there is only a moderate agreement between preoperative
and postoperative diagnosis after hysterectomy. Pathology review by an expert
pathologist and use of immunohistochemical biomarkers improves preoperative
histological diagnosis and thereby preoperative risk classification. Combination with
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molecular biomarkers might even further decrease discrepancy rate. However, I expect
that immunohistochemical or molecular biomarkers will not replace morphological
assessment by a pathologist. Integration of morphological assessment, immunohistochemical
and molecular biomarkers and artificial intelligence will be the future of pathology.
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Summary
Endometrial carcinoma (EC) is the most common gynecological cancer in developed countries.
Traditionally, ECs are subdivided into two types, type I carcinomas with endometrioid
histology and in general good prognosis, and type II carcinomas with non-endometrioid
histology and poor prognosis. Since grade 3 endometrioid endometrial carcinoma (EEC)
have a comparable outcome with non-endometrioid carcinoma (NEEC), these carcinomas
are often regarded as type II carcinomas. Primary treatment in EC patients is based on
preoperative risk classification, with more extended surgery in patients with high-grade
ECs (type II). However, in a substantial number of patients there is a discrepancy between
diagnosis on preoperative endometrial sampling and postoperative diagnosis on the
hysterectomy specimen. This discrepancy may lead to under- and overtreatment and
warrants improvement of preoperative histopathological diagnosis.
In chapter 1 we systematically reviewed the literature regarding the agreement between
preoperative endometrial sampling and final diagnosis for tumor grade and histologic
subtype in patients with EC and performed a meta-analysis of available literature data. We
found a moderate agreement (67%) on tumor grade between preoperative endometrial
sampling and final diagnosis on hysterectomy. Endometrial sampling can be performed
by office endometrial sampling, hysteroscopic biopsy and dilatation and curettage (D&C).
Agreement between hysteroscopic biopsy and final diagnosis was higher (0.89, 95%
Confidence Interval [CI] 0.80-0.98) than for D&C (0.70, 95% CI 0.60-0.79; p=0.02), however it
was not significantly higher than for office endometrial sampling (0.73, 95% CI 0.60-0.86;
p=0.08). The lowest agreement rate was found for grade 2 ECs (61%). Downgrading was
found in 25% and upgrading in 21% of the endometrial samples. Agreement on histologic
subtype was 95% and 81% for preoperative EEC and NEEC, respectively.
In chapter 2 we studied the immunohistochemical expression of L1CAM in hysterectomy
specimen in a large cohort of 1199 EC patients. The expression of L1CAM was associated
with advanced stage, lymph node involvement, high-grade tumors, non-endometrioid
histology, lymphovascular space invasion (LVSI), and distant recurrences. L1CAM expression
was associated with reduced survival in both early and advanced stage EEC, however not
in NEEC.
Although L1CAM is very good in identification of NEECs, only 14-40% of the grade 3 EECs
expresses L1CAM. Based on literature, IMP3 was shown to be more expressed in NEEC and
high-grade EECs compared to low-grade EECs. Our hypothesis was that IMP3 could
contribute to the identification of high-grade EEC in addition to L1CAM, and therefore
improve discrimination between low- and high-grade ECs. In chapter 3 we investigated
the diagnostic and prognostic value of IMP3 in the discrimination between low- and
high-grade ECs, and its added value to L1CAM. We found that, in general, IMP3 was more
homogeneously expressed than L1CAM. IMP3 expression was significantly associated
with advanced stage, high-grade tumors, non-endometrioid histology, deep myometrial
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invasion, LVSI, distant recurrences, overall mortality, and disease-related mortality. Absence
of both IMP3 and L1CAM expression showed the highest accuracy for identifying
low-grade ECs (Area under the curve [AUC] 0.766), whereas expression of both IMP3 and
L1CAM was strongly associated with high-grade ECs (Odds ratio [OR] 19.7; 95% CI 9.2-42.2).
Even within EECs, a combination of IMP3 and L1CAM expression remained superior to
IMP3 and L1CAM alone (OR 8.6; 95% CI 3.4-21.9). Therefore, IMP3 and L1CAM represent the
optimal combination of diagnostic markers for discrimination between low- and
high-grade ECs compared to IMP3 and L1CAM alone. The homogeneous expression of
IMP3 compared to the more patchy L1CAM expression might be valuable in preoperative
biopsies.
In chapter 4 we focused on vascular invasion. Vascular invasion is a well-established
high-risk feature in EC. We analyzed the potential added value of immunohistochemistry
to differentiate between lymphatic (LVI) and blood vessel invasion (BVI) in EC and
investigated whether differentiating between LVI and BVI could predict metastatic
pattern. We conducted a case-control study by selecting three groups of EC patients: 52
with positive lymph nodes at primary surgery, 33 with negative nodes at primary surgery
and later recurrence and death from disease, and 98 with negative nodes and no
recurrence. A representative block from each primary tumor was stained with D2-40 and
CD31 antibodies to differentiate between LVI and BVI. Use of immunohistochemical
stainings increased detection from 24.6% to 36.1%. As expected, LVI was significantly more
often seen in patients with positive lymph nodes compared with patients with negative
nodes. BVI was significantly more often seen in node-negative patients with recurrence
compared with node-negative patients without recurrence. BVI remained an independent
predictor for separating patients with and without recurrence in multivariable analysis.
Immunohistochemical stainings to differentiate between LVI and BVI could contribute to
a better risk stratification in EC patients. Especially in patients with negative lymph nodes,
immunohistochemistry for detection of vascular invasion might be relevant.
In chapter 5 we investigated the use of tissue microarrays (TMAs) for biomarker studies in
EC. We tested 15 different antibodies on cores of preoperative and hysterectomy specimen
of both EC and atypical hyperplasia cases and compared these with whole slides. Two
0.6-mm and two 2.0-mm cores were used from each sample. Since 2.0-mm cores were
more assessable for evaluation than 0.6-mm cores, 2.0-mm cores are the preferred size for
immunohistochemical studies in EC. For most antibodies, a substantial to good agreement
between hysterectomy TMA and whole slide was present, with lowest agreement for p16
and stathmin and perfect agreement for mismatch repair proteins. We concluded that for
all tested antibodies, TMAs are a good alternative for whole slide analysis in scientific
studies with large patients cohorts, even in preoperative samples. Therefore, we decided
to use TMAs for the PIpelle Prospective ENDOmetrial carcinoma (PIPENDO) study.
In the PIPENDO study, chapter 6, we studied systematic evaluation of histology and
addition of a panel of diagnostic biomarkers to preoperative histology decreases
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discrepancies between pre- and postoperative diagnosis in EC. Preoperative histology of
432 patients with EC was systematically reviewed by an expert gynecopathologist and
stained with 15 different antibodies. Discrepancies in tumor grade and histologic subtype
between preoperative and hysterectomy diagnosis were observed in 46% of the patients
and in 20% of the patients this discrepancy was clinically relevant. The highest discrepancy
rate was found in preoperative grade 2 ECs (44%). In grade 2 ECs, systematic assessment
of preoperative histology decreased clinically relevant discrepancies from 20% to 12%.
Addition of six immunohistochemical biomarkers to morphological evaluation resulted in
a significant higher diagnostic accuracy (AUC 0.955) compared to morphological
evaluation alone (AUC 0.845) (p<0.001). A more practical two-biomarker panel with PR and
p53 still improved diagnostic accuracy (AUC 0.917, p<0.001) and reduced discrepancies in
patients with grade 2 ECs, from 19% to 16%. Diagnostic accuracy for histologic subtype
was improved by a three-biomarker panel including PR, IMP3 and L1CAM (AUC 0.932,
p<0.001) compared to morphological evaluation alone in high-grade ECs.
Based on this study, we recommend the use of four immunohistochemical biomarkers
(PR, p53, IMP3 and L1CAM) on preoperative histology to reduce discordancy in grade 2 as
well as histologic classification within high-grade ECs. Use of these easily accessible
biomarkers in combination with standardized morphological evaluation improves
preoperative identification of patients that need surgical staging.

171

SUMMARY | SAMENVAT TING

Samenvatting
Het endometriumcarcinoom (baarmoederkanker) is de meest voorkomende gynaecologische kanker in de westerse wereld. Van oudsher wordt het endometriumcarcinoom
onderverdeeld in twee types: type I carcinomen met endometrioïde histologie en in het
algemeen een goede prognose, en type II carcinomen met non-endometrioïde histologie
en een slechte prognose. Omdat graad 3 endometrioïde endometriumcarcinomen een
vergelijkbare prognose hebben als non-endometrioïde carcinomen worden deze vaak
tot de type II carcinomen gerekend. De primaire behandeling van patiënten met een endometriumcarcinoom is gebaseerd op de preoperatieve risicoclassificatie. Bij patiënten
met een hooggradig carcinoom (type II) wordt een uitgebreidere operatie uitgevoerd.
Helaas is er bij een substantieel aantal patiënten een discrepantie tussen de diagnose op
basis van de preoperatieve endometriumbiopten en de uiteindelijke diagnose op basis
van het operatiepreparaat. Deze discrepantie leidt tot zowel onder- als overbehandeling
en vraagt om verbetering van de preoperatieve histologische diagnose.
In hoofdstuk 1 beschrijven we een literatuuronderzoek naar de overeenkomsten tussen
de preoperatieve endometriumbiopten en de uiteindelijke diagnose op het operatie
preparaat met betrekking tot tumorgraad en histologisch subtype in patiënten met een
endometriumcarcinoom. Met de beschikbare data uit de literatuur hebben we een
meta-analyse uitgevoerd. We vonden een matige overeenkomst (67%) voor tumorgraad.
Preoperatief weefsel kan verkregen worden door poliklinische endometriumbiopten,
hysteroscopische biopten en dilatatie en curettage (D&C). De overeenkomst tussen
hysteroscopische biopten en de uiteindelijke diagnose was hoger (0,89, 95% Betrouwbaarheidsinterval (BI) 0,80-0,98) dan voor D&C (0,70, 95% BI 0,60-0,79; p=0,02), maar niet
significant hoger dan voor poliklinische endometriumbiopten (0,73, 95% BI 0,60-0,98;
p=0,08). De laagste overeenkomst werd gezien bij patiënten met een graad 2 carcinoom
(61%). Bij 25% van de patiënten toonde de histologie van het operatiepreparaat een lagere
graad en bij 21% een hogere graad dan in het preoperatieve biopt. Bij 95% van de
preoperatief endometrioïde en 81% van de preoperatief non-endometrioïde tumoren
was er een overeenkomst in histologisch subtype.
In hoofdstuk 2 hebben we de immunohistochemische expressie van L1CAM in operatiepreparaten onderzocht in een groot cohort van 1199 patiënten met een endometrium
carcinoom. L1CAM expressie was geassocieerd met een gevorderd stadium, positieve
lymfeklieren, hooggradige tumoren, non-endometrioïde histologie, lymfangioinvasieve
groei en afstandsrecidieven. L1CAM expressie was geassocieerd met verminderde overleving
in zowel vroege als gevorderde stadia van endometrioïde endometriumcarcinomen,
maar niet in non-endometrioïde carcinomen.
Hoewel L1CAM erg goed is in de identificatie van non-endometrioïde carcinomen, toont
slechts 14-40% van de graad 3 endometrioïde carcinomen L1CAM expressie. Er zijn enkele
studies die vaker IMP3 expressie tonen bij non-endometrioïde en hooggradige endometrioïde
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carcinomen. Onze hypothese was dat IMP3 bij zou kunnen dragen aan het identificeren
van hooggradige endometrioïde carcinomen in aanvulling op L1CAM en daarmee het
onderscheid tussen laag- en hooggradige carcinomen kan verbeteren. In hoofdstuk 3
hebben we de diagnostische en prognostische waarde van IMP3 voor het onderscheid
tussen laag- en hooggradige endometriumcarcinomen onderzocht. Ook hebben we
gekeken naar de toegevoegde waarde van IMP3 ten opzichte van L1CAM met betrekking
tot het maken van dit onderscheid. We vonden dat IMP3 in het algemeen meer homogeen
aankleurde dan L1CAM. IMP3 expressie was significant geassocieerd met gevorderd
stadium, hooggradige tumoren, non-endometrioïde histologie, diepe myometriuminvasie,
lymfangioinvasieve groei, afstandsrecidieven, overall mortaliteit en ziekte-gerelateerde
mortaliteit. Afwezigheid van zowel IMP3 als L1CAM expressie toonde de hoogste
accuraatheid voor het identificeren van laaggradige carcinomen (Area under the curve
[AUC] 0,766), terwijl expressie van zowel IMP3 als L1CAM sterk geassocieerd was met
hooggradige carcinomen (OR 19,7; 95% BI 9,2-42,2). Zelfs binnen de groep van
endometrioïde carcinomen bleek een combinatie van IMP3 en L1CAM beter dan IMP3 en
L1CAM alleen (OR 8,6; 95% BI 3,4-21,9). Daarom is de combinatie van IMP3 en L1CAM het
meest geschikt om onderscheid te maken tussen laag- en hooggradige endometriumcarcinomen vergeleken met het gebruik van alleen IMP3 of L1CAM. De homogene aankleuring
van IMP3 vergeleken met de meer vlekkige aankleuring van L1CAM kan een voordeel zijn
bij gebruik op preoperatieve biopten.
In hoofdstuk 4 hebben we ons gericht op angioinvasieve groei. Angioinvasieve groei is
een kenmerk van agressieve tumorgroei bij patiënten met een endometriumcarcinoom.
We hebben de potentiële toegevoegde waarde van immuunhistochemie voor het
onderscheid tussen lymfe- en bloedvatinvasie bij patiënten met een endometriumcarcinoom onderzocht en bekeken of het onderscheid tussen lymfe- en bloedvatinvasie het
metastaseringspatroon kan voorspelen. We hebben een patiënt-controle onderzoek
opgezet door het selecteren van drie groepen patiënten: 52 patiënten met positieve
lymfklieren ten tijde van de primaire operatie, 33 met negatieve lymfklieren ten tijde van
de primaire operatie en later een recidief en overleden aan het endometriumcarcinoom
en 98 met negatieve lymfklieren en geen recidief. Een representatief blokje met
tumorweefsel van de primaire tumor werd gekleurd met de antilichamen voor D2-40 en
CD31 om onderscheid te maken tussen lymfe- en bloedvatinvasie. Het gebruik van
immunohistochemische kleuringen verhoogde de detectie van 24,6% naar 36,1%. Zoals
verwacht werd lymfvatinvasie significant vaker gezien bij patiënten met positieve
lymfklieren. Bloedvatinvasie werd significant vaker gezien bij patiënten zonder lymfkliermetastasen, die later wel een recidief ontwikkelden. Ook bij multivariabele analyse bleef
bloedvatinvasie een onafhankelijke voorspeller voor het onderscheid tussen patiënten
met en zonder een recidief. Immunohistochemische kleuringen voor het onderscheid
tussen lymfe- en bloedvatinvasie kunnen bijdragen aan een betere risicoclassificatie bij
patiënten met een endometriumcarcinoom. Vooral bij patiënten met negatieve
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lymfklieren kan het gebruik van aanvullende kleuringen voor de detectie van vaatinvasie
relevant zijn.
In hoofdstuk 5 hebben we het gebruik van tissue microarrays (TMA’s) voor onderzoek
naar biomarkers in patiënten met een endometriumcarcinoom onderzocht. We hebben
15 verschillende antilichamen getest op ponsjes van preoperatieve en operatiepreparaten van zowel patiënten met een endometriumcarcinoom als met atypische hyperplasie.
We hebben de resultaten hiervan vergeleken met de resultaten van de kleuringen op hele
coupes. Van ieder preparaat hebben we twee 0,6 mm en twee 2,0 mm ponsjes genomen.
Omdat ponsjes met een diameter van 2,0 mm vaker beoordeelbaar waren dan ponsjes
van 0,6 mm, gaat de voorkeur uit naar het gebruik van ponsjes met een diameter van 2,0
mm voor het onderzoeken van immunohistochemische kleuringen in patiënten met een
endometriumcarcinoom. Voor de meeste antilichamen werd een substantiële tot goede
overeenkomst gevonden tussen de TMA en de hele coupe van het operatiepreparaat.
De minst goede overeenkomst tussen de TMA en de hele coupe werd gezien voor de
antilichamen p16 en stathmine. We concludeerden dat voor alle geteste antilichamen
TMA’s een goed alternatief zijn voor hele coupes bij wetenschappelijk onderzoek met
grote patiënten aantallen, zelfs op preoperatieve biopten. Daarom hebben we besloten
TMA’s te gebruiken voor de PIpelle Prospective ENDOmetrial carcinoma (PIPENDO) studie.
In de PIPENDO studie, hoofdstuk 6, hebben we onderzocht of systematische beoordeling
door een expert patholoog en toevoeging van een panel van diagnostische biomarkers
op preoperatieve histologie leidt tot een afname van het aantal discrepanties tussen
de preoperatieve en postoperatieve diagnose bij patiënten met een endometrium
carcinoom. Preoperatieve histologie van 432 patiënten met een endometriumcarcinoom
werd systematisch beoordeeld door een expert patholoog en gekleurd met 15
verschillende antilichamen. Bij 46% van de patiënten was er een discrepantie in graad of
histologisch subtype tussen de preoperatieve en postoperatieve diagnose. Bij 20% van de
patiënten was er een klinisch relevante discrepantie. Het hoogste aantal discrepanties
werd gevonden bij patiënten met preoperatief een graad 2 endometrium carcinoom
(44%). Binnen de groep patiënten met een graad 2 carcinoom leidde systematische
beoordeling van de preoperatieve histologie door een expert patholoog tot een afname
van het aantal klinisch relevante discrepanties met betrekking tot tumorgraad van 20%
naar 12%. Het gebruik van zes verschillende immuunhistochemische biomarkers als
aanvulling op de morfologische beoordeling resulteerde in een significant hogere
diagnostische accuraatheid (AUC 0,955) vergeleken met alleen morfologische beoordeling
(AUC 0,845) (p<0,001). Een praktischer panel van twee biomarkers bestaande uit PR en p53
gaf ook nog steeds een hogere diagnostische accuraatheid (AUC 0,917; p<0,001) en leidde
tot een afname van het aantal discrepanties bij patiënten met een graad 2 carcinoom van
19% naar 16%. Met betrekking tot het histologische subtype gaf het gebruik van een
panel van drie biomarkers bestaande uit PR, IMP3 en L1CAM bij patiënten met een
hooggradig carcinoom een goede diagnostische accuraatheid (AUC 0,932; p<0,001)
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vergeleken met alleen morfologische beoordeling. Gebaseerd op deze studie adviseren
we het gebruik van een praktisch en makkelijk toepasbaar panel van vier immuunhistochemische biomarkers (PR, p53, IMP3 en L1CAM) op preoperatieve histologie om het
aantal discrepanties binnen graad 2 carcinomen en de histologische classificatie binnen
hooggradige endometriumcarcinomen te verminderen. Het gebruik van deze biomarkers
in combinatie met gestandaardiseerde morfologische beoordeling verbetert de preoperatieve
identificatie van patiënten die een uitgebreidere operatie nodig hebben.
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Research data management
This thesis is based on the results of human studies, which were conducted in accordance
with the principles of the Declaration of Helsinki.
The studies in chapter 2 and 3 were approved by the institutional review board (IRB) of all
participating centers.
The study in chapter 4 used data from the MoMaTEC study, which was approved by the
Norwegian Data Inspectorate (961478-2), the Norwegian Social Science Data Services
(NSD 15501) and the Western Regional Committee for Medical and Health Research Ethics,
REC West (REK 052.01).
The study in chapter 6 was approved by the local medical ethical committee of the
Elisabeth-TweeSteden Hospital Tilburg (1129). The study protocol was published open
access. According to the protocol “Code for Proper Use of Human Tissue”, all collected
patient material is coded, and patient name and date of birth were not entered into the
database (Dutch Federation for Biomedical Scientific Societies, www.federa.org). All data
were anonymized by giving each patient an individual study number. All clinical and
pathological data for the study in chapter 6 were entered into the computer by use of
Castor EDC. Castor EDC was used for data management. Data were converged from Castor
EDC to SPSS (SPSS Inc., Chicago, Illinois, USA). Tissue specimens were collected centrally at
the Department of Pathology, Radboud university medical center, Nijmegen.
The data for the studies in chapter 1 through 6 is stored on the departments’ H-drive
(H:\Umcfs049\verlgyndata$\Onderzoek\ONCO-endometriumcarcinoom).
All published articles of this thesis are saved in the Radboud Repository. The articles of
chapter 2 and 5 are published open access.
Published data generated or analyzed in this thesis are part of published articles and its
additional files are available from the associated corresponding authors on request.
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Acknowledgements | Dankwoord
Dit proefschrift is tot stand gekomen door samenwerking met velen. Ik wil iedereen
bedanken voor de hulp en steun tijdens mijn promotieonderzoek. Een aantal van hen wil
ik graag in het bijzonder bedanken.
Prof. dr. Nagtegaal, beste Iris, hoewel je eerst mijn interesse probeerde te wekken tot het
doen van wetenschappelijk onderzoek op het gebied van colorectale tumoren ben ik
heel erg blij dat je betrokken bent geraakt bij mijn promotieonderzoek op gynaecologisch
gebied. Je vond altijd praktische oplossingen en bedacht creatieve weergaves van resultaten.
Jouw gedrevenheid en enthousiasme werken aanstekelijk.
Prof. dr. Massuger, beste Leon, bedankt dat je mij de mogelijkheid hebt gegeven om het
onderzoek dat ik in Tilburg was begonnen voort te zetten in een promotietraject vanuit
het Radboudumc. Gaandeweg werden er meer mensen bij betrokken en uiteindelijk
vormden we een goed team waarbij input vanuit allerlei perspectieven werd geleverd.
Jij had altijd oog voor de klinische relevantie van mijn onderzoek. Dank voor je vertrouwen
en steun.
Dr. Pijnenborg, beste Hanny, tijdens het afsluitend mondeling examen van mijn coschap
gynaecologie in het TweeSteden Ziekenhuis in Tilburg vroeg je of ik interesse had om
wetenschappelijk onderzoek te doen. Wie had toen kunnen bedenken dat dit er uit voort
zou komen. Je bent een grote inspiratiebron voor mij en jouw enthousiasme heeft me
ook op de moeilijkere momenten gemotiveerd om door te gaan. Daar wil ik je graag voor
bedanken. Ik hoop dat we onze samenwerking ook in de toekomst voort kunnen zetten.
Dr. Bulten, beste Hans, we hebben vele uren samen achter de microscoop doorgebracht,
want wat waren het veel coupes om de bekijken. Jouw oog voor detail en je kritische blik
hebben de onderzoeken nog sterker gemaakt. Ik heb veel van je geleerd op gynaecopathologisch gebied en wil je hiervoor bedanken.
Dank aan de leden van de manuscriptcommissie voor het lezen en beoordelen van mijn
manuscript: Prof. dr. J. Bussink, Prof. dr. M.J. van de Vijver en Prof. dr. R.F.P.M. Kruitwagen.
Dank aan alle leden van de promotiecommissie voor hun bereidheid om zitting te nemen
in de corona.
Ook wil ik alle afdelingen en ziekenhuizen die mee hebben gewerkt aan de onderzoeken
in dit proefschrift bedanken. Door de data die we de afgelopen jaren hebben verzameld,
hebben we een prachtige database opgebouwd met zowel klinische als pathologische
data.
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In het bijzonder wil ik dr. Van der Wurff, bedanken. Beste Anneke, destijds kwam ik als
arts-assistent van de gynaecologie bij je langs op de afdeling pathologie in Tilburg voor
mijn onderzoek. Jouw enthousiasme voor het vak heeft mede bijgedragen aan mijn
keuze voor de specialisatie tot patholoog.
Alex van Egerschot, als bachelor student heb je een belangrijke bijdrage geleverd aan het
IMP3 onderzoek wat ook nog eens resulteerde in een mooie publicatie.
Gilda Soltani and Parag Dabir, thank you for your help with scoring the TMAs of the
PIPENDO study.
Louis, Casper, Willem Jan en Stephanie, als collega onderzoekers was het erg fijn om af en
toe ideeën uit te wisselen en input te krijgen vanuit het perspectief van de gynaecoloog.
Ook de jaarlijkse ENITEC meetings waar we met onze Nijmeegse delegatie meestal
goed waren vertegenwoordigd zal ik niet vergeten. Fijn om te zien dat de endometrium
onderzoekslijn wordt voorgezet.
Stichting Ruby and Rose, bedankt voor de financiële ondersteuning van een deel van dit
onderzoek.
I would like to thank the members of the European Network for Individualised Treatment
of Endometrial Cancer (ENITEC) for the collaboration. The Bergen Gynecologic Cancer
Research Group, thank you for the collaboration and the warm hospitality. Despite the
rain, I had a great time in Bergen, Norway. A special thanks to prof. dr. Helga Salvesen, who
unfortunately suddenly passed away. Helga, I admire your passion for research and the
way you combined your work and family live. Your warm, caring and friendly character
made me feel welcome. I would also like to thank dr. Ingunn Stefansson. It was a great
pleasure to work with you.
Prof. dr. R.S. Vang, prof. dr. B.M. Ronnett and dr. D. Xing from the Johns Hopkins Hospital in
Baltimore, United States, it was a great honor to work with you and to gain more in-depth
experience in the field of gynecopathology. Thank you for your hospitality.
Dr. In ‘t Hout, beste Joanna, heel wat uren hebben we gezeten op de statistische analyses
voor de PIPENDO studie. Door jouw kennis en ervaring is het uiteindelijk allemaal goed
gekomen, bedankt hiervoor.
Dit proefschrift was er niet geweest zonder alle hulp en steun van de analisten op het lab,
zowel in Nijmegen als Tilburg. In het bijzonder ook dank voor de analisten van de afdeling
immuunhistochemie, zonder jullie instructies en praktische ondersteuning had ik alle
kleuringen voor de onderzoeken in dit proefschrift niet kunnen doen.
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Ook wil ik alle nog niet genoemde medeauteurs bedanken voor de samenwerking en
bijdrage aan de artikelen in dit proefschrift.
Mijn kamergenoten tijdens mijn onderzoeksjaar, Nikki, Annemarie en Femke, het was een
gezellige tijd op de vierde verdieping en wat fijn om met jullie te kunnen sparren over het
onderzoek en alles wat daarbij komt kijken.
Merel Breijer, bij jou heb ik als student mijn wetenschappelijke onderzoek gedaan wat
resulteerde in mijn eerste publicatie. Een van de stellingen van jouw proefschrift luidde:
“Promoveren is als een berg op fietsen, onderweg vraag je je regelmatig af waar je aan
bent begonnen maar eenmaal boven is het toch de moeite waard geweest.” Ik ben het
helemaal met je eens.
De pathologen van het Radboudumc, Canisius-Wilhelmina Ziekenhuis en Jeroen Bosch
Ziekenhuis wil ik graag bedanken voor hun waardevolle bijdrage aan mijn opleiding en de
mogelijkheden die jullie mij hebben gegeven om mijn opleiding te combineren met een
promotieonderzoek.
Alle mede AIOS van de pathologie, bedankt voor de mooie en gezellige tijd en fijne
samenwerking.
Mijn oud-collega’s in het AMC, bedankt voor de leerzame tijd die ik bij jullie heb gehad.
Ook mijn huidige collega’s bij Stichting PAMM, bedankt voor jullie interesse en het warme
welkom dat ik heb gekregen. Fijn dat ik deel uit mag maken van jullie team.
Mijn vriendinnen, Marieke, Nicole en Ilse, gelukkig vinden we ondanks onze drukke
agenda’s tijd om samen af te spreken en bij te kletsen. Bedankt voor jullie belangstelling
en steun en wat is het fijn om jullie als vriendinnen te hebben. Nicole en Ilse, bedankt dat
jullie als paranimfen naast mij willen staan.
Lieve papa en mama, jullie hebben mij geleerd stabiel in het leven te staan en het beste
uit mezelf te halen. Jullie waren een luisterend oor en stonden altijd paraat om te helpen
of op Carlijn te passen als ik weer aan mijn proefschrift werkte. Papa, jij weet alle problemen
altijd te relativeren. Bedankt voor alle liefde en onvoorwaardelijke steun die jullie mij
hebben gegeven. Ik hou van jullie.
Mijn broer en schoonzus, Jochem en Joselyn, het is fijn dat er iemand is met wie je af en
toe over van alles van gedachten kan wisselen. Bedankt voor jullie interesse en steun.
Mijn schoonfamilie, in het bijzonder mijn schoonouders Henri en Nelie, dank voor jullie
betrokkenheid, interesse en het oppassen op Carlijn in de laatste periode van het afronden
van mijn proefschrift. Fijn dat jullie er altijd voor ons zijn.
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Tot slot wil ik mijn man en onze dochter bedanken. Lieve Hein, heel veel dank voor al je
liefde en steun. Als ik weer eens een avond of weekend aan mijn proefschrift werkte,
zorgde jij dat het huishouden draaiende bleef. Ik waardeer het onvoorwaardelijke
vertrouwen dat je in me hebt. Zonder jou had ik dit proefschrift nooit op deze manier af
kunnen ronden. Dankjewel.
Lieve Carlijn, je bent geboren tijdens mijn promotietraject. Jouw komst en aanwezigheid
zijn een verrijking in mijn leven. Door jou kan ik mijn werk relativeren. Je bent een bron
van geluk en dat geeft me veel energie. Ik hou van jullie! Mijn proefschrift is nu af, dus
dat geeft ruimte om nog meer samen te genieten en daar verheug ik me enorm op.
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