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1.  INTRODUCTION
1.1 Epidemiology
Endometrial cancer is the most common gynaecological cancer in developed countries, with the 

highest incidence in postmenopausal women between 65 and 85 years of age. The incidence is 

rising due to increased prevalence of diabetes and obesity, and ageing of the populati on.
1, 2 

In 

The Netherlands in 2020, the esti mated number of new endometrial cancer cases was 2069 with 

559 cancer-related deaths (Figure 1).
3 

Most women with endometrial cancer are diagnosed at 

early stage of disease, due to early symptoms such as vaginal bleeding. This generally results in a 

favourable prognosis and a relati vely low number of cancer-related deaths.
4

Figure 1. Incidence and mortality of endometrial cancer in the Netherlands.3

1.2 Histology and risk factors
Endometrial cancer is diagnosed by physical and pelvic examinati on, including transvaginal 

ultrasound, and pathology assessment of a biopsy, curett age or hysterectomy. The most common 

histological type is endometrioid adenocarcinoma, accounti ng for approximately 70-80% of 

endometrial cancers. Non-endometrioid cancers mainly comprise serous and clear cell cancers, 

accounti ng for approximately 5-10% and 1-5% of endometrial cancers, respecti vely, and the other 

aggressive subtypes are undiff erenti ated endometrial cancer and uterine carcinosarcomas. Well-

established clinicopathological risk factors, used in the current treatment guidelines, are age, 

histological type, tumour grade, Internati onal Federati on of Gynaecology and Obstetrics (FIGO)-

stage (Table 1), depth of myometrial invasion and presence and extent of lymph-vascular space 

invasion (LVSI).
5, 6 

Endometrioid endometrial cancer is usually graded using the FIGO grading 

system: low grade (grade 1), intermediate grade (grade 2) or high grade (grade 3) based on the 
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1proporti on of solid growth and nuclear atypia, while non-endometrioid endometrial cancers are 

high grade by defi niti on. More recently, a binary grading system has been suggested, separati ng 

low-grade (FIGO grade 1 and 2) and high-grade (FIGO grade 3) endometrial cancer which seems 

more in line with their outcome.
7, 8

1.3 Pathology
To determine the pathological risk factors of endometrial cancer, multi ple features of pathology 

assessment are needed, and reproducibility is essenti al to ensure completeness and accuracy of 

the diagnosis. However, the female reproducti ve tract has been described as one of the organ 

systems with the highest inter-observer variati on between pathologists.
9 
Previous studies reported 

that a limited proporti on of the reviewed pathology specimen resulted in major discrepancies, 

ranging from 8% to 12%.
10 

Pathology review within the PORTEC-1 and 2 trials has shown that 

24% and 14% of included pati ents were, in retrospect, not eligible for the trial.
11-13 

Most frequent 

discrepancies were observed in histological grade, suggesti ng that a two-ti ered grading system 

(low- versus high grade) could be benefi cial.
14 

In another inter-observer pathology study on high-

grade endometrial cancer, histological subtyping was also a common discrepancy.
15 

Pathology 

review in daily clinical practi ce could result in a reducti on of over- and undertreatment. In the 

PORTEC-3 trial, upfront pathology review was performed to verify whether pati ents were truly 

eligible and would not receive unnecessary toxic treatment. Challenges of standard pathology 

review are that it can be ti me-consuming, costly, and comes with logisti cal diffi  culti es.

Table 1. FIGO 2009 staging of endometrial cancer.5
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1.4 Treatment
Standard treatment for women with endometrial cancer is surgery, consisti ng of laparoscopic 

or abdominal hysterectomy and bilateral salpingo-oophorectomy, with or without lymph 

node evaluati on. With lymphadenectomy the nodal status can be assessed, and FIGO stage 

can be assigned adequately. However, routi nely performed lymphadenectomy in early stage 

endometrial cancer remains controversial, as two large randomised trials have shown no 

improvement in overall survival or disease free survival in early stage endometrial cancer, while 

there is an increased risk of treatment related morbidity, mostly lymphoedema.
16-18 

More recently 

senti nel node biopsy has emerged as a reliable method for lymph node evaluati on, which has 

been investi gated in several studies and has shown to have high sensiti vity with lower risk of 

toxicity.
19-22

1.5 Adjuvant Treatment
The current guidelines for adjuvant treatment of endometrial cancer are based on the 

clinicopathologic factors age, FIGO stage, histologic type and grade, myometrial invasion and the 

presence of LVSI. Based on the clinicopathological risk factors, four risk groups (low, intermediate, 

high-intermediate and high risk) have been defi ned, with each risk group having a diff erent 

prognosis (Table 2).
6

Table 2. Risk groups in endometrial cancer according to PORTEC and the ESMO-ESGO-ESTRO guideline.

Low risk

Previous studies have shown that women with low-risk endometrial cancer have a very low risk 

of locoregional or distant recurrences. Even without adjuvant radiotherapy, a 5-year disease-free 

survival of 95% has been reported.
13, 23-25 

For this risk group, no adjuvant treatment is recommended.
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1Intermediate and high-intermediate risk

In the PORTEC-1 and GOG-99 trials women with intermediate risk endometrial cancer were 

randomised to pelvic external beam radiotherapy (EBRT) versus no adjuvant treatment. Results 

showed that EBRT significantly reduced locoregional recurrences, without a survival benefit.
13, 

24, 26 
In the observation group, 75% of the locoregional recurrences were located at the vaginal 

vault, and with salvage radiotherapy with vaginal brachytherapy survival rates of up to 65% 

at 5 years could still be reached.
13, 24, 27 

These trials led to a reduction of the indication for 

adjuvant treatment, limiting this to women with high-intermediate risk factors (Table 2). As most 

locoregional recurrences were located at the vaginal vault and there was no survival benefit 

after pelvic EBRT, vaginal brachytherapy was investigated for women with high-intermediate risk 

endometrial cancer in the PORTEC-2 trial. Results showed that both vaginal brachytherapy and 

EBRT were equally effective and had a vaginal control rate of 98% at 5 years without differences in 

overall and disease-free survival. Women who received vaginal brachytherapy however, had less 

toxicity and improved quality of life.
28-30 

Based on these findings, adjuvant vaginal brachytherapy 

became the standard adjuvant treatment for women with high-intermediate risk endometrial 

cancer. However, for women at lower risk of recurrence (age below 60) no adjuvant treatment 

can also be considered as effective salvage treatment is available.

In the recent years, more knowledge has been gained on risk factors for disease recurrence in 

endometrial cancer, such as LVSI. In a study of the combined data of the PORTEC-1 and 2 trials, LVSI 

scored as substantial in a three-tiered scoring system (no, focal or substantial LVSI) showed to be the 

strongest independent prognostic factor for pelvic and distant metastasis and overall survival.
31, 32 

A 

Swedish nationwide study reported similar findings, even for women that were adequately staged 

and node negative, the presence of substantial (‘obvious’) LVSI was associated with decreased 

overall survival.
33 

To lower the risk of distant metastasis, the addition of 3 cycles of chemotherapy to 

vaginal brachytherapy was investigated and compared to EBRT in the GOG-249 trial. Results showed 

that there were no significant differences in recurrence-free and overall survival. However, more 

pelvic and para-aortal nodal recurrences were observed in the arm with vaginal brachytherapy 

and chemotherapy, even though these women were surgically staged and node negative. In the 

combined PORTEC-1 and 2 analysis the risk of pelvic metastases was also reduced by pelvic EBRT 

as compared to vaginal brachytherapy. This could imply that pelvic EBRT should be considered for 

women with risk factors such as substantial LVSI.
31-33

High risk

Women with high-risk endometrial cancer are at higher risk of pelvic and distant metastases and 

endometrial cancer related death.
34-36 

In the current treatment guidelines these women receive 
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pelvic external beam radiotherapy with or without adjuvant chemotherapy. The role of adjuvant 

chemotherapy, in combination with EBRT, has been the subject of several randomised trials. The 

PORTEC-3 trial investigated radiotherapy alone versus radiotherapy combined with chemotherapy 

(two cycles of cisplatin during radiotherapy followed by four cycles of carboplatin-paclitaxel) for 

women with high-risk endometrial cancer. Results showed improved recurrence-free and overall 

survival after combined radiotherapy and chemotherapy compared to radiotherapy alone, at the 

cost of increased toxicity. Radiotherapy combined with chemotherapy was mainly recommended 

for stage III disease and serous type cancers.
37-40 

Chemotherapy alone could be considered, based 

on the findings of the GOG-258 trial that investigated radiotherapy combined with chemotherapy 

versus chemotherapy (six cycles of carboplatin-paclitaxel) alone for women with stage III-IV 

endometrial cancer. Results showed similar relapse-free survival rates, but increased rates of 

pelvic and peri-aortic relapses with chemotherapy alone.
41

1.6 Radiotherapy techniques

Vaginal brachytherapy

Vaginal brachytherapy is a highly effective adjuvant radiotherapy treatment for women with 

intermediate to high-intermediate risk endometrial cancer, with 5-year vaginal control rates of 

over 95%.
12, 42-44 

Radiation dose is generally administered with high-dose rate (HDR) in three to 

four fractions of 6 to 7 Gray (Gy), usually by a single channel vaginal cylinder, starting within 

6 (-8) weeks from surgery. For specific indications, multichannel cylinders are available with 

enable MRI-based optimization of the dose distribution and/or local boosts. Brachytherapy 

planning is based on delineation of the target volume and organs-at-risk on CT or MR-images 

with the cylinder in situ during at least one fraction to provide data on dose distribution to the 

clinical target volume and organs-at-risk (Figure 2). These data are used to avoid added toxicity 

to the bladder, rectum and small bowel, even though toxicity of vaginal brachytherapy is mild. 

Within the PORTEC-2 trial, patients who received vaginal brachytherapy had significantly lower 

rates of grade 1-2 gastro-intestinal toxicity during treatment compared to those receiving EBRT 

(12.0% versus 53.8%, p<0.05). At 1 and 2 years still significant differences were observed (9.3% 

and 8.0% versus 22.2% and 17.4%, p <0.05). Analysis of patient-reported symptoms showed 

similar differences between vaginal brachytherapy and EBRT, with 5.6% versus 22.7% of patients 

reporting moderate to severe diarrhoea.
12, 30 

Long-term analysis of the PORTEC-2 showed that 

only 1.8% and 0.9% of patients treated with vaginal brachytherapy had persistent moderate to 

severe symptoms of faecal leakage and diarrhoea, respectively, versus 10.6% and 8.4% after 

EBRT. Genito- urinary symptoms as vaginal dryness, narrowing, or pain did not differ significantly 

between vaginal brachytherapy and EBRT.
29
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1Figure 2. Vaginal brachytherapy dose distributi on and organs-at risk.

External beam radiotherapy

Over the past 10 to 20 years, radiotherapy techniques have developed from 2-dimensionally 

planned radiotherapy to three and four fi eld techniques, and three-dimensional (3D) conformal 

radiotherapy. Most recent developments are 3D image-guided intensity-modulated radiotherapy 

(IMRT) and volumetric-modulated arc radiotherapy (VMAT) (Figure 3). With IMRT and VMAT, the 

radiati on dose is delivered more conformally to the target volume and the dose to the adjacent 

organs at risk is reduced, compared to 3D conformal radiotherapy, without compromising clinical 

outcome.
45-50 

With the introducti on of more advanced radiotherapy techniques, it is expected 

that treatment related toxicity for pelvic radiotherapy can be reduced. Multi ple retrospecti ve 

studies and two prospecti ve randomised trials have shown that intensity modulated techniques 

signifi cantly reduce treatment related acute and late adverse events and pati ent-reported 

symptoms in women with endometrial or cervical cancer.
49-57

Analyses of acute toxicity showed that pelvic radiotherapy was associated with mostly gastro-

intesti nal acute toxicity of mild to moderate severity, and that the additi on of chemotherapy 

resulted in added hematological and neurological toxicity.
39, 40 

Within the PORTEC-3 trial, 68.5% 

(94.2% chemoradiati on vs 43.2% radiotherapy alone) had any grade > 2 toxicity during treatment, 

and 44.3% and 43.8% of all pati ents experienced grade > 2 gastro-intesti nal and hematological 

toxicity, respecti vely. Persistent grade > 2 toxicity, up to 5 years aft er treatment, were observed 

for 31.0%, with 7.3% gastro-intesti nal and 2.5% hematological toxicity. Long-term grade 3 to 4 

toxicity was observed in 3-6.8% of pati ents in the PORTEC-1 and 3 trials.
58, 59
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Figure 3. External beam radiotherapy techniques over time.

1.7 Molecular risk factors
In 2013 the Cancer Genome Atlas Group (TCGA) analysed the molecular genetic basis of endometrial 

cancer development, which has been pivotal in understanding the molecular pathways involved in 

endometrial cancer development and their prognostic implications. By comprehensive genomic 

analysis of 373 endometrial cancer cases, 4 different molecular subclasses were identified based 

on mutation rates and somatic copy number alterations (SCNA). The ultra-mutated subclass, 

characterised by mutations in the exonuclease domain of DNA polymerase-epsilon (POLE), is 

associated with a very favourable prognosis. The hypermutated subclass based on microsatellite 

instability (MSI) has been shown to have an intermediate prognosis. The copy number low subclass 

with low mutation frequency (also called subclass with no specific molecular profile or NSMP), 

has also been associated with an (stage dependent) intermediate prognosis. The copy number 

high subclass, characterised by TP53 mutations, with mainly serous type endometrial cancer has a 

very high degree of SCNAs and a low mutation rate, and is associated with the most unfavourable 

prognosis.
60 

Several research groups have reproduced and validated the four TCGA subclasses in 

formalin-fixed, paraffin-embedded tissues in different endometrial cancer cohorts by using their 

surrogate markers. These findings have led to a clinically available molecular classification tool for 

diagnosis and decision making and is implemented more and more into the risk classification and 

treatment guidelines, such as the recent ESGO-ESTRO-ESP endometrial cancer guidelines.
61-66 

The 

value of incorporating molecular classification in clinical decision making for adjuvant treatment is 

currently being investigated in the randomised PORTEC-4a trial for women with high-intermediate 

risk endometrial cancer. In this trial, women are randomised 1:2 to either the standard brachytherapy 

arm versus an experimental arm in which women are stratified in a favourable, intermediate 

or unfavourable profile based on molecular and clinicopathologic risk factors and consequently 

treated with no adjuvant treatment, vaginal brachytherapy or EBRT, respectively.
67
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11.8 Aims and outline of this thesis
The aims of this thesis are to evaluate the role of radiotherapy for women with endometrial cancer, 

and the impact molecular factors have on assignment of adjuvant treatment. In the Netherlands, 

the current standard adjuvant treatment for high-intermediate risk endometrial cancer is vaginal 

brachytherapy, which is based on the outcomes of the PORTEC-2 trial. The PORTEC-2 trial 

investigated the efficacy of external beam radiotherapy versus vaginal brachytherapy for women 

with high-intermediate risk endometrial cancer.

The long-term outcomes of the PORTEC-2 trial, including the evaluation of clinicopathologic and 

molecular risk factors are described in chapter 2. Whether these molecular risk factors could be 

implemented into the current treatment guidelines is currently investigated in the PORTEC-4a 

trial. Evaluation of the pilot phase of the trial is described in chapter 3. As approximately 60% 

of women in the PORTEC-4a trial are treated with vaginal brachytherapy, a quality assurance 

programme, to verify protocol adherence, was implemented in the trial. The results are evaluated 

in chapter 4.

For women with high-risk endometrial cancer the current standard adjuvant treatment is pelvic 

EBRT with or without chemotherapy. The PORTEC-3 trial investigated radiotherapy versus 

radiotherapy combined with chemotherapy for women with high-risk endometrial cancer. Before 

participating in the PORTEC-3 trial, upfront pathology review was performed to ensure a truly 

high-risk trial population. Results of the upfront pathology review are described in chapter 5. 

Within the PORTEC-3 trial women were treated with pelvic external beam radiotherapy, which 

has developed from 3D-conformal towards more conformal intensity-modulated radiotherapy 

techniques as IMRT and VMAT over the past 10-20 years. In chapter 6 the effect of both techniques 

on toxicity and quality of life is evaluated. Chapter 7 provides a general discussion.
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