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Ovarian cancer is the sixth most common cancer in women. Of all gynaecological can-
cers, ovarian cancer is the leading cause of death. In the Netherlands 1200 new pa-
tients are diagnosed with ovarian cancer each year and 1000 women die of this disease 
annually. Despite improvement in treatment strategies such as cytoreductive surgery, 
combination chemotherapy, intraperitoneal chemotherapy, hyperthermia and targeted 
molecular therapy, survival rates have only increased modestly over the past decades. 

Due to the late development of symptoms and lack of adequate screening methods, 
in more than 70% of the cases, diagnosis is made in advanced stage. Standard treat-
ment is cytoreductive surgery and adjuvant chemotherapy.[1] Around 80% of patients 
respond to primary treatment, however, recurrence rates vary from 25 to 80 percent 
for women with early stage or advanced disease, respectively.[2] Consequently, overall 
survival of patients with advanced stage disease is only 5-30%.

tumour biology
The majority of ovarian malignancies (95%) are derived from epithelial cells; the re-
mainder arise from other ovarian cell types (germ cell tumours, sex cord-stromal tu-
mours).[3] Epithelial ovarian carcinomas are classified into five different histological 
subtypes according to their morphology: (high and low grade) serous, mucinous, endo-
metrioid, clear cell, and undifferentiated carcinomas.[4] In addition to assessing tumour 
type, histologic grade is assessed. There are three grades of differentiation i.e. well dif-
ferentiated (grade 1), moderately differentiated (grade 2) and poorly or undifferentiated 
(grade 3).

A classification based on a dualistic model of carcinogenesis was recently developed.
[5] Type I tumours are low grade, slowly growing and are thought to develop from 
a premalignant stage towards a malignant lesion, whereas type II tumours are high 
grade, more aggressively growing and often present at an advanced stage.[6-8] Type I 
tumours include low-grade serous, (low-grade) endometrioid, clear cell, mucinous and 
transitional (Brenner) carcinomas.Type II tumours include high grade serous and undif-
ferentiated tumours. Type II tumours are believed to arise de novo from the surface epi-
thelium of the ovary, the fallopian tube or the epithelial lining of the peritoneal cavity.[5]

Molecular changes leading to the development of epithelial ovarian cancer (EOC) 
are unknown. Gene mutations and / or overexpression of several oncogenes, including 
HER2, c-myc and KRAS and of tumour suppressor gene p53 have been observed in EOC. 
Other molecular varieties like inactivation of the tumour suppressor genes PTEN and p16 
may occur. Their contribution to pathogenesis, however, has not yet been clarified. 

Diagnosis and treatment
The diagnostic evaluation of women suspected of having ovarian cancer includes a 
physical and gynaecological examination, ultrasonography, abdominal computed tomo-
graphy (CT-scan), and measurement of serum tumour marker CA-125 to determine 
the stage of disease. Ovarian cancer is surgically staged according to the International 
Federation of Gynaecology and Obstetrics (FIGO) rules for classification. In all studies 
included in this thesis the FIGO staging classification of 2000 was used which is outlined 
in table 1.

Standard treatment of patients with advanced ovarian cancer is a combination of 
cytoreductive surgery or so called debulking surgery and adjuvant platinum-taxane 
combination chemotherapy.[1] The aim of debulking surgery is to leave no visible mac-
roscopic tumour behind. When this cannot be achieved, the maximum diameter of 
separate residual tumour metastases should be as small as possible, ideally less than one 
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centimetre in diameter, since survival is related to the size of the residual tumour.[9-12] 
An alternative strategy is 3 cycles of neoadjuvant chemotherapy, followed by so called 
interval debulking surgery and thereafter another three cycles of chemotherapy. Pa-
tients with co-morbidities, as well as patients in whom primary surgery is likely to leave 
residual tumour, are treated with this alternative treatment strategy. [1,13] Furthermore, 
if residual tumour exists after primary surgery, without a maximal attempt of removal 
of all disease by an experienced gynaecological oncologist, interval debulking surgery 
may improve survival.[14] 

stage characteristics

I Growth limited to the ovaries

IA Growth limited to one ovary; no ascites; no tumour on the external surfaces, 
capsule intact

IB Growth limited to both ovaries; no ascites; no tumour on the external surfaces, 
capsule intact

IC Tumour either stage IA of IB but on the surface of one or both ovaries; capsule 
ruptured: ascites containing malignant cells present; or positive peritoneal wash-
ings

II Growth involving one or both ovaries with pelvic extension of disease

IIA Extension of disease and/or metastases to the uterus and/or fallopian tubes

IIB

IIC

Extension of disease to other pelvic tissues

Tumour either stage IIA or IIB but on the surface of one or both ovaries; cap-
sule(s) ruptured; ascites-containing malignant cells present; or positive peritoneal 
washings

III Tumour involving one or both ovaries with peritoneal implants outside the pelvis 
and/or positive retroperitoneal or inguinal nodes: superficial liver metastasis equals 
stage III; tumour is limited to the true pelvis but with histologically verified malig-
nant extension to the small bowel or omentum 

IIIA Tumour grossly limited to the true pelvis with negative nodes but with histologic-
ally confirmed microscopic seeding of abdominal peritoneal surfaces

IIIB Tumour of one or both ovaries; histologically confirmed implants on abdominal 
peritoneal surfaces, none > 2 cm in diameter; nodes negative

IIIC Abdominal implants > 2 cm in diameter and/or positive retroperitoneal or inguinal 
nodes

IV Growth involving one or both ovaries with distant metastases; if pleural effusion 
is present, there must be positive cytologic test results to allot a case to stage IV; 
parenchymal liver metastasis equals stage IV

 

table 1. FIGO classification 2000
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Predictive and Prognostic factors
Prognosis is a principal concept of medicine which is used by physicians for decisions 
regarding diagnostic work up and choice of therapy. Ovarian cancer has a poor pro-
gnosis with a median survival of 2- 4 years and an overall 5-year survival of 35 per cent.
[15] This prognosis predicts the expected course of disease in the general population, 
however, these survival statistics do not provide an accurate prognosis for an individual 
patient.[16] Although it is nowadays broadly accepted that EOC is not one single entity 
and (several) clinicopathological differences are known, all patients still receive the same 
treatment. If accurate prognostic and predictive markers are known, they might be used 
for treatment selection.

Multiple predictors have been suggested to influence prognosis. Besides FIGO stage, 
prognostic factors that might influence survival are; age, World Health Organisation 
(WHO) performance status, American Society of Anaesthesiologists (ASA) score, family 
history positive for a BRCA1-2 mutation, residual disease after surgery, extent of surgical 
procedures, tumour grade and histology, amount of ascites at debulking surgery, serum 
CA-125, gene expression patterns and immunological status.[1,7,9,12,17-19] Although 
these clinicopathological prognostic factors may predict prognosis in ovarian cancer, 
there is still a large individual variation in prognosis of apparently similar tumours using 
these standard clinical variables.[20] For a clinician it is difficult to incorporate these 
factors in informing patients and making treatment decisions. Currently, clinicians only 
use FIGO stage and residual tumour to estimate an individual prognosis. Prognostic 
models aim to create different risk groups based on several prognostic markers. These 
models may be used for shared decision making as well as to select relevant patients for 
experimental therapy or to compare treatment outcome of specific risk groups between 
centres.[16,21,22]

Further subclassification may be beneficial since a significant proportion of patients 
with advanced disease has a good prognosis, comparable with early stage disease, 
whereas others will die very quickly from their disease.[23] This discrepancy may be 
caused by variations at the molecular level, or by a different interaction of the immune 
system to the disease process.[24] Different gene expression patterns might cause dif-
ferent biological behaviour and responses to chemotherapy. Micro-array based profiling 
studies have provided an opportunity to simultaneously examine relationship between 
thousands of genes and clinical predictors. This technique has been used to identify 
biologically and prognostic subgroups in a number of cancers, including ovarian cancer. 
Various gene expression profiles associated with histological subtypes[25,26], overall 
survival [27-29], outcome of debulking surgery [30] and response to platinum-taxane 
chemotherapy have been described. [31-33]

An important mechanism by which the immune system eliminates cancer cells is 
through a cytotoxic T lymphocyte (CTL)-based response to abnormal peptides presen-
ted in conjunction with HLA class I molecules on tumour cells.[34] Comparable to other 
solid tumours like breast, colon and cervical cancer, in epithelial ovarian cancer expres-
sion of human leukocyte antigens (HLA) is associated with a favorable prognosis [24,35-
38] possibly caused by triggering an adequate immune response against the tumour 
cells.[39] Furthermore, non-classical HLA expression (like HLA-G) is thought to play 
a role in immune tolerance by inhibiting natural killer (NK) cell-mediated lysis.[40-45]

Prediction of surgery result
One of the most important prognostic marker, and the only prognostic marker that can 
be influenced, is the amount of residual disease after surgery. Patients with residual 
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disease of more than one centimetre after cytoreductive surgery have limited survival 
benefit of surgical procedures. In these cases, primary debulking surgery may lead to 
surgical morbidity without any gain in survival. [46] Ideally, primary surgery leaving 
residual tumour deposits of more than 1 centimetre should be avoided and these pa-
tients, could be treated with neoadjuvant chemotherapy instead.

The ability of the standard diagnostic work-up to predict accurately whom might 
benefit from primary surgery is low, resulting in 25% to 62% of primary surgery with 
residual tumour depositions of more than 1 centimetre in diameter.[46,9,11] This sug-
gests that current diagnostic work-up is not adequate and should be improved. An 
accurate preoperative assessment of patients with advanced stage EOC whose disease 
cannot be optimally cytoreduced at primary surgery may facilitate more tailored treat-
ment strategies.[47]

Prediction of suboptimal cytoreduction by physical examination and ultrasound is 
limited, since distant metastases are poorly detected using these methods. Staging lap-
arotomy is the most accurate way to determine if the amount of tumour in the abdo-
men is too extensive to achieve complete surgery results. Yet, a laparotomy is a very 
invasive intervention for diagnostic purposes. In order to increase the accuracy of the 
preoperative prediction, many authors have attempted to identify specific predictors for 
suboptimal cytoreduction. 

First, the pre-operative CA125 level is associated with the ability to predict suboptimal 
cytoreduction. Most studies define a cut-off level varying between 500 and 912 U/
ml. The accuracy at the threshold level ranges between 56% and 78%.[48-53] Next, 
several studies identified computed tomography (CT) scan parameters predictive for 
suboptimal cytoreduction.[47,54-58] Accuracy ranges from 71% to 93% have been 
described.[47,54,55]. However extrapolation of these models in other patient popu-
lations resulted in a drop of accuracy of at least 20%.[47,59] These poor predictive 
performances of the available predictors and prediction models could be explained by 
identification in retrospective studies using mixed inclusion criteria and different treat-
ment policies.

Finally, laparoscopy is propagated to be highly accurate in addressing inoperable dis-
ease. Accuracy ranges from 67% to 96%.[60-62] However, laparoscopy is an invasive 
procedure and reports on its predictive performance describe single centre results and 
small study populations. Furthermore this surgical diagnostic procedure, for which gen-
eral anaesthesia is used, is an extra intervention with both risk of complications and 
increased costs.

Aims AnD outline of this thesis

Aims
Despite improvement in aggressive debulking surgery and initial good response to chemo-
therapeutic treatment, overall survival has not improved in the last decades. Five-year sur-
vival is still around 30%, mainly because in the majority of cases ovarian cancer is dia-
gnosed in advanced stages. All patients are treated with the same regimen although it is 
known that ovarian cancer is a heterogeneous disease and response to therapy and survival 
varies greatly. The heterogeneous outcome of morphologically indistinguishable tumours 
suggest the existence of biologically different disease entities. Progress is urgently needed 
to improve decision making and to tailor current and future therapies. Patients most likely 
to benefit from particular surgical or chemotherapeutic therapies should be identified. 
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The aims of this thesis are to define subgroups of patients with epithelial ovarian cancer 
and to identify prognostic markers that can be used to guide treatment and future re-
search. Furthermore, we focussed on prognostic markers to influence surgery results 
in advanced ovarian cancer and aimed to find ways to optimize diagnostic tools to 
improve treatment results. 

outline
Although all patients with epithelial ovarian carcinomas are treated the same way, it is 
known that morphological differences exist. However, until now these morphological 
differences do not result in a different approach of treatment. Even so, studies invest-
igating new treatment modalities are mostly not aimed at distinct subgroups but are 
tested in the heterogeneous overall population. Chapter 2 describes the molecular 
differences found within different histological subtypes of epithelial ovarian cancer 
based on distinct gene expression patterns. 

In the past decade, understanding of the immunological environment of ovarian can-
cer has gained interest. Interaction between the immune system and ovarian can-
cer has been described several times. In chapter 3 we focussed on the role of HLA 
molecules in a morphological subgroup of epithelial ovarian cancer, the high grade 
serous carcinomas. We investigated whether expression levels of HLA molecules in-
fluenced survival.

In chapter 4 we developed a prediction model to stratify patients in survival groups 
based on clinical predictors. Although it is known that survival is not influenced by 
one prognostic factor, nowadays patients’ prognosis is merely given based only on 
the stage of disease in which they present. However prognosis may depend on a 
combination of different histological and clinical factors. Therefore we developed and 
validated a model for guiding treatment and improving information to patients. Fur-
thermore this model may be used for stratification of patients for different trials.

Many prognostic factors related to prognosis of patients with ovarian cancer have 
been studied. Most of these factors cannot be influenced, yet result of surgery is the 
only factor which can (partly) be influenced. Residual disease after primary surgery 
was already described in 1975 by Griffith to be negatively correlated to survival. In 
chapter 5 we describe how surgery result influences survival of patients treated with 
both primary surgery and neo-adjuvant surgery followed by interval debulking sur-
gery.

Because it is still difficult to predict which patients will have residual disease after 
debulking surgery, there is need for better diagnostic tools to guide treatment and to 
predict outcome of surgery more accurately. In chapter 6, we systematically reviewed 
the literature on existing prediction models including computed tomography imaging 
in order to predict the amount of residual disease after debulking surgery and to find 
the best predictors for residual disease. Based on the markers identified in this review 
we developed and validated a model that can accurately predict residual disease after 
primary as well as interval debulking surgery. This model is described in chapter 7.

In chapter 8 we investigated the existing literature on the additional value of dia-
gnostic laparoscopy to predict residual disease after debulking surgery. 
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We developed a multicentre randomised controlled trial to evaluate the accuracy of a 
diagnostic laparoscopy in the diagnostic work-up off advanced stage ovarian cancer 
patients. The protocol of this trial can be found in chapter 9. 

In chapter 10 we discuss the content of this thesis and we give recommendations for 
further research. Finally, chapter 11 gives a summary of this thesis.
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