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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 



9 

1.

General introduction

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. 



13 

1.

General introduction

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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AbstrAct

It has been shown that based on gene expression profiles within epithelial ovarian 

cancers (EOC) subgroups can be identified. We studied a well characterized series of 

ovarian carcinomas from patients treated at our institute using gene expression profil-

ing to better define clinically significant subgroups.

Gene expression profiling was performed using mRNA of 90 primary fresh frozen 

EOC samples representing all histological subtypes and stages (FIGO I-IV). Patients 

underwent either primary or interval debulking surgery and if indicated taxane-based 

chemotherapy. Pathology was reviewed for all cases and complete follow-up, including 

treatment response and recurrences, was available for all patients. 

Unsupervised and supervised analysis of gene expression data showed distinct sub-

types correlating with histology. Mucinous carcinoma was the most distinct subtype 

based on the gene expression profiles, with galectin-4 (LGALS4) expression prominent-

ly increased. No significant differences in gene expression profiles between high and 

low grade serous carcinomas could be observed. No gene expression signatures associ-

ated with survival or treatment response could be identified.

Histological subtypes of ovarian adenocarcinomas are characterized by distinct gene 

expression profiles. In order to find signatures correlated to outcome of treatment it is 

essential that gene expression profiling studies are performed in histological homogen-

eous groups.
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2.

introDuction

Epithelial ovarian cancer is the leading cause of death of gynaecological malignancy. 

[1] Most patients present with advanced stage disease, for which standard treatment 

consists of cytoreductive surgery and adjuvant platinum/taxane based chemotherapy. 

[2] Although the response rate to primary treatment is high, around 80% of patients 

develop recurrent disease resulting in poor overall survival.[3] All patients receive sim-

ilar treatment, but it is clear that ovarian cancer is a heterogeneous disease and re-

sponses to therapy and survival vary greatly. 

Epithelial ovarian carcinomas (EOC) are classified into five different histological sub-

types: (high and low grade) serous, mucinous, endometrioid, clear cell, and undifferen-

tiated carcinomas.[4] Not only differences in morphology but also in gene expression 

profile, gene mutation pattern and other molecular characteristics have been described 

between the different histological subtypes.[5, 6] Based on morphological and molecu-

lar genetic analysis, a two-pathway model for the pathogenesis of ovarian carcinoma 

has been proposed.[7] Instead of the traditional three-grade system (poor, moderate, 

and high grade) this model distinguishes two types of epithelial ovarian cancer. The 

high grade serous carcinomas and undifferentiated adenocarcinomas (type II) differ 

from the other histological subtypes because they evolve rapidly and are associated 

with frequent mutations in TP53.[8, 9] Low grade serous, mucinous, clear cell and en-

dometrioid epithelial ovarian cancers (type I) on the other hand, are thought to evolve 

from precursor lesions and grow slowly, therefore they tend to present at earlier stages. 

In this group more frequently KRAS, BRAF, and/or PTEN mutations are seen.[10-12] 

Mucinous carcinomas are thought to evolve from mucinous borderline ovarian tumours 

expressing KRAS mutations in 60-86% of cases.[13,14] Controversies exist about classi-

fying clear cell carcinomas as type I, because of prognostic differences. Although clear 

cell carcinomas often present at early stage it is an aggressive subtype and they are as-

sociated with a worse prognosis due to poor chemosensitivity.[15] Similarly, high grade 

endometrioid carcinomas are classified by several groups as type II carcinomas.[8] Clear 

cell carcinomas as well as endometrioid carcinomas are associated with endometriosis. 

Genetic events associated with the transformation of endometriosis into ovarian clear 

cell or endometrioid carcinoma are rather unknown [16,17], but there is evidence that 

somatic truncating or missense mutations in ARID1A are seen in clear cell tumours and 

in corresponding adjacent endometriosis.[18]

Gene expression profiling studies have shown that low and high grade serous car-

cinomas cluster separately and that mucinous and clear cell carcinomas differ in their 

expression pattern from the other subtypes.[19-22] Only one study found distinct 

gene expression patterns for all subtypes.[23] However, the gene sets that discriminate 

between tumour types and predict therapy response in the various studies do not show 

overlap.[24,25] Several studies on the association between gene expression pattern 

and outcome have been published. Gene expression profiles have been established 

that are associated with overall survival [26-28], outcome of debulking surgery [19], 
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and response to taxane-based chemotherapy.[29-31] Despite the identification of sur-

vival-related gene expression profiles, gene expression derived tests for clinical use have 

not yet been developed.[25] This is mainly due to the fact that these prognostic and 

predictive gene expression profiles have not been validated or are not reproducible in 

ovarian cancer.[32,33] This may be due to the fact that the patient cohorts studied thus 

far are composed of multiple (unequal) subsets of patients. Indeed, even within histo-

logical subtypes different subgroups can be distinguished.[34-36] The Cancer Genome 

Atlas (TCGA) research network has previously described four different subtypes within 

the high grade serous carcinomas.[9] According to their gene expression pattern they 

were divided into differentiated, immunoreactive, mesenchymal and proliferative sub-

groups. These expression-based subtypes were also found to be associated with differ-

ences in prognosis.[28] A recent hotspot mutation profiling study by Despierre et al., has 

also highlighted the need for further subclassification of type I tumours.[12] Although 

mucinous, endometrioid and clear cell carcinomas often present as low stage tumours, 

controversies exist regarding survival and response to therapy.[7] 

The aim of the present study was to identify gene expression based subsets of tumours 

in patients who presented at our hospital with epithelial ovarian cancer between 1993 

and 2010. Using different methods to analyse the gene expression data generated in our 

study, we performed classification of 90 epithelial ovarian carcinomas to identify novel 

diagnostic gene expression profiles, and validate previously published expression profiles.

Furthermore immunohistochemical expression of oestrogen receptors (ER), proges-

terone receptors (PR), HER2 and TP53 was studied using a tissue-micro array and im-

munohistological expression was compared to gene expression data. 

mAteriAls AnD methoDs

clinical data and tissue collection

Tumour tissue was prospectively collected of ovarian cancer patients surgically treated 

in the Academic Medical Centre Amsterdam (AMC). After tissue collection, specimens 

were snap-frozen in liquid nitrogen and stored at −80°C. Clinicopathological data of 

the patients used in this study were obtained from a prospectively maintained cancer 

registry at the department of gynaecologic oncology at the AMC. Staging of the disease 

was performed according to the criteria of International Federation of Gynaecologists 

and Obstetricians (FIGO). All patients were treated with primary or interval debulking 

surgery and platinum based combination chemotherapy if indicated by stage and his-

tological grade.[37] Response to primary treatment was assessed 6 weeks after the last 

cycle of chemotherapy and classified according to RECIST (Response Evaluation Criteria 

in Solid Tumors), supplemented by CA-125 response, as developed by the Gynecologic 

Cancer InterGroup.[38] Response was categorized as complete response (CR), partial 

response (PR), stable disease (SD) or progressive disease (PD). Progression free survival 

(PFS) and overall survival (OS) were calculated from the date of first surgery or start of 
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chemotherapy to the date of progression, death, or last follow-up, respectively. Resist-

ance to platinum based chemotherapy was indicated by moment of recurrence. Recur-

rence of disease within 6 months after the last cycle of chemotherapy was deemed to 

indicate chemo resistant disease.

All patients have given informed consent for use of clinical data and tissue and all pro-

cedures were performed according to the ethical guidelines “Code for Proper Second-

ary Use of Human Tissue in The Netherlands” (Dutch Federation of Medical Scientific 

Societies). 

tissue sampling

We collected 210 fresh frozen samples from women surgically treated for ovarian car-

cinomas between 1993 and 2010. 5 µm Haematoxylin and eosin (HE) stained frozen 

sections were prepared for microscopic examination and 30 sections of 20 µm were 

cut for RNA isolation. The HE stained slides were assessed by a pathologist to confirm 

the diagnosis and to assess tumor cell percentage. Only epithelial ovarian carcinoma 

samples that contained at least 50% tumor cells were accepted for further processing, 

which was the case for 109 cases (51.9%). In total, 36 samples were excluded because 

they were not epithelial ovarian carcinomas and 65 samples had a tumor percentage 

<50%. 

rnA isolation and hybridization to beadchip Arrays

RNA extraction was performed using RNABee® and the RNeasy Mini kit® (DNAse-

treated). RNA was amplified using the Illumina® Total Prep RNA Amplification kit. In 

90 cases RNA yield was sufficient (≥ 500 ng), of high quality (RNA Integrity Number 

(RIN) ≥ 7 as evaluated using the BioAnalyzer (Agilent)), and successfully amplified. These 

samples were hybridized to Illumina Human HT-12 v4 Expression Beadchip 47K Arrays 

according to manufacturer’s instructions. 

Gene expression and data normalization

The arrays provide intensity data for each probe or probe set, indicating a relative level 

of hybridization with the labelled target. Genes that were not detected above back-

ground level in at least one sample were excluded from the analysis. We have confirmed 

the absence of correlation with the year of surgery, i.e. with the age of the sample (data 

not shown). The data were normalized by applying between array simple scaling (i.e., 

mean centering between arrays) and a subsequent log2 transformation. The data were 

deposited in the NCBI Gene Expression Omnibus under accession number GSE61883.

Analysis of gene expression profiles

An initial filtering step was performed on the expression data of the 47000 probes, sub-

sequently data were normalized and quality checks were performed. For visualisation of 

the expression data and analysis purposes, we have used the R2 microarray analysis and 

visualization platform (http://r2.amc.nl) [39,40]. On the normalized and filtered dataset, 
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we performed unsupervised classification using the R2 genomics analysis and visualiza-

tion platform. First, we performed principal component analysis (PCA), a mathematical 

algorithm that reduces the dimensionality of the data by identifying directions, called 

principal components, along which the variation in the data is maximal. Subsequently, 

we performed K-Means clustering, a numerical, unsupervised, non-deterministic and it-

erative method, which generates a specific number of disjoint, non-hierarchical clusters.

For validation of our findings we have also used Biometric Research Branch (BRB) 

– ArrayTools, an integrated package for the visualization and statistical analysis of Illu-

mina’s RNA sequencing and expression data (available on the National Cancer Institute 

website). Genes were excluded when less than 20% of expression data had at least a 2 

fold change in either direction from the gene’s median value, and when the log intensity 

variance was in the lowest 85th percentile, resulting in a set of 6400 genes that were 

used for unsupervised clustering with both centered and uncentered correlation and 

average linkage. 

To reveal differences in gene expression between biologically relevant classes within 

our 90 epithelial ovarian carcinoma samples, we performed supervised classification. 

As clinical descriptors we used the histological subtypes, FIGO stage, result of surgery 

(no residual disease, residual disease less than one centimeter in diameter and residual 

disease more than one centimeter in diameter), response to treatment (CR vs PR, SD, 

PD), response to chemotherapy (chemosensitive or chemoresistant) and recurrence-free 

and overall survival. 

Pathological classification and immunohistochemistry

We collected all available HE-stained slides corresponding to the formalin-fixed par-

affin-embedded (FFPE) tissue of all fresh frozen samples used for RNA profiling from 

the archive of Pathology. These slides were reviewed by two independent pathologists 

(DSH and MV) for characteristics, histological classification and grading according to 

Silverberg [37] and to identify an area with invasive tumour. From the selected blocks 

with primary epithelial ovarian carcinomas (n=90) three cores of tumour with thickness 

of 0.6 mm were collected using a TMA instrument (Beecher Instruments, Silver Springs 

MD, USA) and inserted in a recipient block. Each recipient block was sectioned at 4 µm, 

and dried overnight at 37ºC.

Immunohistochemical staining for Estrogen Receptor (ER) [clone SP1, Ventana], Pro-

gesterone Receptor (PR) [clone 1E2, Ventana], Human Epidermal Growth Factor Re-

ceptor 2 (HER2) [clone SP3, Thermo Scientific] and TP53 [clone DO-7 +BP53-12, Thermo 

Scientific] were performed using an automated slide preparation system (Benchmark 

XT, Ventana Medical Systems, Tucson Arizona, USA). On the same platform a Silver In 

Situ Hybridisation (SISH) was performed with INFORM HER2 DNA probe obtained from 

Ventana Medical Systems. The signal detection for IHC was performed with a biotine 

free ultraview universal DAB detection Kit (Ventana medical systems) and for SISH with 

an ultraview SISH detection kit (Ventana Medical Systems). The slides were scored by 

two pathologists (DSH and MV) independently.
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results

mRNA gene expression profiles were determined in 90 ovarian carcinomas. Patient 

and treatment characteristics are shown in table 1. Samples of 68 patients were col-

lected at primary surgery; the other 22 samples were collected at interval debulking 

surgery after 2-3 cycles of carboplatin/paclitaxel. Of all patients, 53 had high grade 

serous, 8 low grade serous, 14 undifferentiated, 6 mucinous, 6 endometrioid and 3 

clear cell carcinomas. The median PFS was 16.3 months and the median OS was 36.7 

months. Survival was not correlated with histological subtype. The survival curves are 

shown in Figure 1.

histological subtypes are molecularly distinct entities

On the normalized, unfiltered dataset of gene expression profiles we performed unsu-

pervised classification using the R2 genomics analysis and visualization platform. Prin-

ciple Component Analysis (PCA) clearly showed that the mucinous and endometrioid 

histologic subtypes cluster separately from the serous, undifferentiated and clear cell 

subtypes, except for 2 cases (1 clear cell and 1 serous sample, which at histological 

classification focally showed clear cell characteristics) that cluster close to the muci-

nous and endometrioid cases (Figure 2A). To visualize the clustering of samples based 

figure 1. Kaplan-Meier survival curves for the different histological samples included in this study.
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All samples (n=90) ovarian tissue derived (n=62)

Age (years)

Median (range) 59 (26-88) 59.5 (26-88)

histological subtype 

 Serous 61 (67.0%) 41 (66.1%)

High grade 53 (58.8%) 36 (58.1%)

Low grade 8 ( 8.9%) 5 ( 8.1%)

 Undifferentiated 14 (15.6%) 8 (12.9%)

 Mucinous 6 ( 6.7%) 5 ( 8.1%)

 Endometroid 6 ( 6.7%) 6 ( 9.7%)

 Clear cell 3 ( 3.3%) 2 ( 3.2%)

Grade

 1 12 (13 %) 10 (16.1%)

 2 24 (27 %) 15 (24.2%)

 3 54 (60 %) 37 (59.7%)

stage

 Low (I-IIA) 10 (11 %) 10 (16.1 %)

 High (IIB-IV) 80 (89 %) 52 (83.9 %)

Kind of surgery

 Primary debulking/staging 68 (75.5%) 62  (100%)

 Interval debulking 22 (24.4%)

result of surgery

 No macroscopic residual disease 35 (38.9%) 27 (43.5%)

 Residual disease < 1 cm 22 (24.4%) 13 (21.0%)

 Residual disease > 1 cm 31 (34.4%) 22 (35.5%)

chemotherapy

 Platinum/taxane 73 (81.1%) 45 (72.6%)

 Multidrug with platinum 6 ( 6.7%) 6 ( 9.7%)

 Platinum only 3 ( 3.3%) 3 ( 4.8%)

 none 8 ( 8.9%) 8 (12.9%)

treatment response

 Complete remission 68 (75.5%) 48 (77.4%)

 Partial remission 7 ( 7.8%) 5 ( 8.1%)

 Stable disease 7 ( 7.8%) 6 ( 9.7%)

 Progression 8 ( 8.9%) 3 4.8%

recurrence

 No 24 (26.7%) 19 (30.6%)

 Yes 64 (71.1%) 43 (69.4%)

 missing 2 ( 2.2 %) 0

Arrayed site

Ovary 77

Omentum 6

Other 7

median fu (range in months) 84.1 (0.4-150.7) 89.2 (0.4-150.7)

median Pfs (95% CI) 16.3 (13.1-21.8) 19.5 (12.3-26.6)

median Dss (95% CI) 36.7 (30.0-52.7) 46.9 (30.7-63.2)

 

table 1. Patient characteristics. Clinicopathological details of patients included in the microarray study.
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on the 500 most differentially expressed genes we performed unsupervised clustering 

(Figure 2B). This clustering clearly shows that the mucinous and endometrioid subtypes 

cluster separately, indicating they are different from the serous and undifferentiated 

subtypes at gene expression level. Subsequently, K-means clustering was performed 

(Supplementary figure 1). From K-means clustering it is clear that the serous carcinomas 

are composed of at least 2 subgroups, one of which shows co-clustering with most 

undifferentiated carcinomas (10 out of 14). Beyond two subgroups within the serous/

undifferentiated histological subtypes, the outcome of clustering is less stable. Based on 

their gene expression three cases, two serous and one clear cell carcinoma, clustered 

together with the endometrioid carcinomas. Only when K-means clustering grouped 

the samples into 8 groups, the 3 samples cluster in a separate cluster. 

To confirm the association of distinct gene expression profiles with histologic type, 

we analyzed the dataset with BRB (Biometric Research Branch) Array Tools. Performing 

unsupervised clustering with both centered and uncentered correlation and average 

linkage after filtering to 6400 genes (or 2937) also demonstrated separation of histolo-

gical subtypes based on differences in gene expression (data not shown). 

Genes defining histological types

As unsupervised classification showed a clear distinction between serous carcinoma, 

endometrioid carcinoma and mucinous carcinoma, we subsequently performed super-

vised classification to identify genes, for which expression levels are associated with the 

specific histologic types. We used BRB as well as R2 to identify the genes that are dif-

ferentially expressed between the histological subtypes. Using R2, a set of 1715 genes 

was identified that differentiates between the mucinous, endometrioid and serous/un-

differentiated subtypes. The mucinous subtype was the most distinct histologic type in 

terms of gene expression from all other subtypes with 1158 genes showing a different 

gene expression pattern compared to all other histological subtypes. The second most 

distinct subtype showed 346 genes differentially expressed in endometrioid carcinomas 

compared to other subtypes. The clear cell subtype was underrepresented in this cohort 

(n=3), which may be the reason that a smaller number of genes [49] showed altered 

expression from the other subtypes. The ten most differently expressed genes for each 

subtype are shown in Supplemental Table 1. Expression of the top 10 significantly dif-

ferentially expressed genes for each histological subtype is presented in Figure 3.

Comparing gene expression patterns between high grade (n=53) and low grade 

(n=8) serous carcinoma samples demonstrated MIR98 to be significantly higher ex-

pressed within low grade serous carcinomas (p=0.011). Between the high grade serous 

and the undifferentiated (n=14) carcinomas no genes were found to be differentially 

expressed.
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subclassification and correlation to clinicopathological parameters

In addition to histological subtypes, several other clinicopathological parameters were 

annotated to the gene expression dendrogram to identify differences reflected by gene 

expression variations. Subgroups for response to treatment or FIGO stage, however, 

were not identified. Subgroups identified with unsupervised clustering did not show 

significant differences in survival (data not shown). Subsequently class comparison was 

performed using significance analysis of microarrays (SAM), prediction analysis for mi-

croarrays (PAM), pathway- and survival analyses in order to find associated genes and 

pathways for specific clinical traits of the ovarian adenocarcinoma samples. 

We performed supervised clustering with binary characteristics defined for the re-

sponse to treatment (CR vs PR,SD,PD), the result of surgery (>1cm residual vs <1 cm; 

or no residual vs any residual disease), FIGO stage (IA-IIA vs IIB-IV), disease free (0-6 

(n=15) vs 6-12 (n=17) vs > 12 months (n=58) and overall survival (<12 months (n=11) vs 

> 12 months; 0-6 (n=6) vs 6-24 (n=21) vs > 24 months (n=63)); and found after false 

discovery correction (FDR) no significant genes for any of these parameters. Even within 

the patients with FIGO stage III or IV disease no difference in gene expression was ob-

served between samples from patients with short (<12 months, n=9) versus long > 36 

(n=31), >48 months (n= 24) or > 60 months (n=18)).

Class comparison of ovarian tissue of patients who were treated with neoadjuvant 

chemotherapy (n=29), identified FOXA1 and DNAJC12 to be correlated to response 

to chemotherapy, which was evaluated at interval debulking surgery. Both FOXA1 and 

DNAJC12 showed a higher expression in tissue that had not responded to chemothera-

py (n=7) than in tissue that showed chemosensitivity (n=22; p<0.001).

Of each sample the ER, PR, HER2, and TP53 status was determined using immunohisto-

chemistry and SISH for HER2 (Supplemental Table 2). SAM could not identify significant 

gene expression differences between ER, PR, HER2 or TP53 positive and negative tumours. 

In order to obtain a more homogeneous set of samples, we have repeated all the above 

mentioned analyses on a more homogeneous subgroup of patients. We included only 

the cases who underwent primary debulking surgery and of whom the available tissue 

was of ovarian origin (n=62; Table 1). The results were practically identical to those 

obtained in the whole group: mucinous and endometrioid histologic subtypes were 

distinct entities according to gene expression profile. High and low FIGO stage samples 

were separated by 49 genes. Low grade (n=5) and high grade (n=36) serous carcino-

mas did not cluster separately and no expression profiles associated with survival could 

be identified. In a subset of only high grade serous carcinomas resected at primary deb-

ulking (n=35) no difference in gene expression was observed for tumours from patients 

with short, intermediate and long survival.

Validation of published gene expression signatures

High grade serous adenocarcinoma is the most common ovarian cancer sub-

type; the recent TCGA study focusses on this subtype in their molecular pan-can-
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cer analysis.[32] In the TCGA study, analysis of the mRNA expression of 489 

stage II-IV high grade serous ovarian adenocarcinoma samples identified 1500 

intrinsically variable genes.[9] Non-negative matrix factorization (NMF) con-

sensus clustering yielded 4 clusters, which could also be identified in an independ-

ent set of 246 high grade serous adenocarcinoma samples [34], corresponding 

to the Differentiated, Immunoreactive, Mesenchymal and Proliferative subtypes.  

We set out to see whether the well-defined 1500 gene set identifies these clusters also 

in our small sample set. Performing NMF clustering on the high grade serous samples 

in our sample set (n=52), resulted in 2 stable clusters. Three or more clusters demon-

strated much less stability. Heatmap clustering based on these 1500 genes also did not 

clearly show 4 subgroups (Supplemental Figure 2). 

From these 1500 genes, Verhaak et al.[28] deducted a supervised prognostic signa-

ture based on 193 genes that was able to classify samples into classes with a better or 

worse overall survival. We however, could not confirm this difference in survival in our 

dataset. Verhaak et al.[28] have integrated and expanded these subtype and survival 

gene expression signatures (n=481), into a new 100 gene-prognostic model of HGS-

OvCa classification, named Classification of Ovarian Cancer (CLOVAR), which contains 36 

genes also included in the 193 gene signature. We have clustered our high grade serous 

samples (n=52) based on the 100 CLOVAR survival set, but could not validate this signa-

ture in terms of good, intermediate and poor survival (data not shown).

Furthermore, we tested the genes identified in the study of Lisowska et al [25]; this is a 

set of 500 genes defining serous, undifferentiated, endometrioid and clear cell tumours. 

Yet these genes defining subtypes in their 97 ovarian cancer samples did not completely 

separate the histological subtypes in our dataset, also not when we left out the mucinous 

samples (data not shown).

Heinzelman-Schwarz et al [41] identified a 185-gene set differentiating 39 (borderline) 

mucinous ovarian tumors from 31 (borderline) serous tumors and 8 endometrioid car-

cinomas. Using this set for hierarchical cluster analysis in our dataset indeed separated the 

mucinous carcinomas for the other histological subtypes (Supplemental Figure 3). LGALS4 

was in the top 10 most differentially expressed genes in both their and our dataset.

Discussion

This study shows that histologic types of epithelial ovarian adenocarcinomas are 

different entities at the gene expression level. We show that mucinous tumours 

have an expression profile that distinguishes them from serous and undifferen-

tiated tumours, but also from endometrioid and clear cell tumours. We did not 

find expression profiles that correlate with survival or sensitivity to chemotherapy. 

Gene expression profiling has been used to derive molecular signatures associated 

with clinicopathological features of ovarian cancer.[13,19,22,42] Several studies re-

ported on gene expression profiles that distinguished between benign disease [5, 
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43] and between the various histological subtypes.[5,6,21,41] Mucinous epithelial 

ovarian cancer has a distinct molecular profile that differentiates it from other histo-

logical subtypes in gene expression studies which compared 3 and 8 mucinous ad-

enocarcinomas vs 31 and 20 serous adenocarcinomas, respectively.[41,42] In line with 

these studies we found a clearly different expression pattern, which separated our 

mucinous samples from the other histologic types. Although our data set comprised 

a small number of mucinous samples, using unsupervised classification they all clus-

tered together highlighting that mucinous carcinomas are a distinct entity. We found 

galectin-4 (LGALS4) to be the most differentially expressed gene to distinguish muci-

nous ovarian adenocarcinomas, which is comparable to the findings of Heinzelman-

Schwarz et al. [41]. Using the gene expression signature of Heinzelmann-Schwartz et 

al. we could separate our mucinous carcinomas from the other histological subtypes. 

Galactins play an important role in immune and inflammatory responses as well as in 

cancer [44]. Galectin-4, a carbohydrate binding cell adhesion molecule is normally ex-

pressed in epithelial cells of the alimentary tract, including the intestine [45]. Overex-

pression is seen in various carcinomas, including breast, liver, gastric carcinomas and 

MOC [46]. Heinzelman-Schwartz. Imunohistochemical expression between MOC and 

other gastrointestinal tumours did not differ [45]. Wamunyokoli et al.[42] identified 

genes involved in cytoskeletal regulation to be specifically up-regulated in mucinous 

ovarian cancer. 

A recent study by Liwsowska et al.[25] found similar to our results that histological 

tumor type is the major source of variation in gene expression pattern. Similar to our 

findings they did not find differences in gene expression between serous and undiffer-

entiated tumours. However, in their study only serous, undifferentiated, endometrioid 

and clear cell carcinomas were included. 

Recently, 262 EOCs were genotyped for hotspot mutations in KRAS, BRAF, NRAS, 

PIK3CA, PTEN, FBXW7, AKT2, AKT3, and FOXL2 to identify differences between type 

I (n=34) and II (n=228) tumours [12]. This showed that the histologic types referred to 

as type I, including the low grade serous, should be regarded as distinct disease entities, 

based on histology and mutation in KRAS (50% of mucinous tumours) and PIK3CA 

(46% in clear cell tumours).

Several studies have reported mutational differences between low grade and high grade 

serous carcinomas.[10,12] In our data set, at the gene expression level no significant differ-

ences were observed between these subtypes. We cannot rule out that this is due to the 

small sample size in our study (n= 8 for low grade serous carcinoma). The different expres-

sion profiles and hotspot mutations that are found within epithelial ovarian carcinomas 

stress the fact that EOC is not one disease although originating from one organ and may 

support the hypothesis that ovarian cancer has a heterogeneous histological origin.[8,23]  

Although several studies found gene expression signatures predictive for survival we 

were not able to find any difference within expression levels between samples from 

patients who had a long survival (>12 months; n=79) versus short survival (<12 months; 

n=11). Even in our set of high grade serous carcinoma samples (n=52) we could not 
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identify prognostic or predictive gene expression signatures. We did however identify 

two subgroups within these 52 samples. Apparently, this seemingly homogenous set 

warrants further study into even smaller subgroups. Spetzos et al.[26] as well as Ber-

chuck et al.[47] found genes that predicted survival by dividing patients in those with 

survival shorter than two years and those with survival longer than seven years. Within 

our population even with these extremes no differences were found. Published gene 

expression profiles associated with chemotherapy resistance or survival do not show 

overlap in the discriminating genes.[19,28,48,49] 

In summary, this exploratory analysis shows that histological subtypes of epithelial 

ovarian carcinomas are clear distinct entities. To derive molecular signatures associated 

with survival, homogenous sample sets according to histological subtype should be 

used. These could then be used to develop signatures and stratify patients for specific 

therapy within these subgroups.
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serous tumours; total number of genes different: 63 (HGS vs LGS: 0 genes)

HUGO description R-value  p-value
level of 
expression

1 TIGD2 tigger transposable element derived 2 -0,544 0,000454 <

2 CDH6 cadherin 6, type 2, K-cadherin (fetal kidney) 0,521 0,001067 >=

3 SLC27A2
solute carrier family 27  
(fatty acid transporter), member 2 -0,509 0,001133 <

4 GCNT1 glucosaminyl (N-acetyl) transferase 1, core 2 -0,503 0,001349 <

5 GOLM1 golgi membrane protein 1 -0,511 0,001392 <

6 BMP2 bone morphogenetic protein 2 -0,496 0,001433 <

7 RAPGEFL1
Rap guanine nucleotide exchange factor 
(GEF)-like 1 -0,499 0,001479 <

8 PTGS1
prostaglandin-endoperoxide synthase 1 
(prostaglandin G/H synthase and cyclooxy-
genase) 0,488 0,001819 >=

9 ABCC4
ATP-binding cassette, sub-family C (CFTR/
MRP), member 4 0,49 0,001822 >=

10 TMTC1
transmembrane and tetratricopeptide repeat 
containing 1 0,484 0,002121 >=

 

undifferentiated tumours; total number of genes different: 31

HUGO description R-value p-value
level of 
expression

1 FCRLA Fc receptor-like A 0,557 9,31E-05 >=

2 SLAMF7 SLAM family member 7 0,559 0,000163 >=

3 LOC647460 0,534 0,000313 >=

4 CXCR6 chemokine (C-X-C motif) receptor 6 0,507 0,001076 >=

5 TRAF3IP3 TRAF3 interacting protein 3 0,509 0,001163 >=

6 POU2AF1 POU class 2 associating factor 1 0,494 0,001881 >=

7 MGC29506 0,487 0,002571 >=

8
P2RY8

purinergic receptor P2Y, G-protein coupled, 
8 0,479 0,003493 >=

9 IRF4 interferon regulatory factor 4 0,473 0,003931 >=

10 LOC652102 0,471 0,004029 >=

 
 

supplementary table 1 Genes differentially expressed between histological subtypes
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2.mucinous tumours; total number of genes different: 1158

HUGO description R-value p-value
level of 
expression

1 LGALS4 lectin, galactoside-binding, soluble, 4 -0,992 3,53E-77 >=

2 LRRC31 leucine rich repeat containing 31 -0,982 9,56E-62 >=

3 TFF1 trefoil factor 1 -0,981 3,60E-61 >=

4 VIL1 villin 1 -0,981 2,01E-60 >=

5 MYO1A myosin IA -0,98 1,42E-59 >=

6 REG4 regenerating islet-derived family, member 4 -0,971 4,19E-53 >=

7
SLC39A5

solute carrier family 39 (metal ion transporter), 
member 5 -0,967 9,57E-51 >=

8 ERN2 endoplasmic reticulum to nucleus signaling 2 -0,967 1,20E-50 >=

9 TM4SF5 transmembrane 4 L six family member 5 -0,967 1,44E-50 >=

10 CLRN3 clarin 3 -0,959 7,22E-47 >=

endometrioid tumours; total number of genes different: 346

HUGO description R-value p-valuew
level of 
expression

1 SNORA59A small nucleolar RNA, H/ACA box 59A -0,788 4,43E-16 >=

2 MSX2 msh homeobox 2 -0,772 4,33E-15 >=

3 ADAMTS19
ADAM metallopeptidase with thrombospondin 
type 1 motif, 19

-0,753 6,18E-14 >=

4 PLA2G4A
phospholipase A2, group IVA (cytosolic,  
calcium-dependent)

-0,745 1,05E-13 >=

5 FREM2 FRAS1 related extracellular matrix protein 2 -0,746 1,08E-13 >=

6 SLC47A1 solute carrier family 47, member 1 -0,747 1,14E-13 >=

7 SNORA59B small nucleolar RNA, H/ACA box 59B -0,741 1,45E-13 >=

8 SCNN1G
sodium channel, non-voltage-gated 1, gamma 
subunit

-0,74 1,48E-13 >=

9 PZP pregnancy-zone protein -0,737 2,02E-13 >=

10 SP5 Sp5 transcription factor -0,733 3,50E-13 >=

Using the R2 microarray analysis and visualisation platform, we identified the genes that exhibit differen-
tial expression between the histological subtypes of ovarian adenocarcinomas by performing a one-way 
anova. For each subtype, the total number of genes altered compared to the other histological subtypes is 
indicated and the top 10 of those genes is shown. Correlation coefficient R is shown, with larger deviations 
indicating larger differences, as well as the p-value. 

Supplemental Table 1 continues on page 38.
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figure 2A. Principal component analysis (PCA) on the normalized, unfiltered dataset shows that the mu-
cinous and endometrioid subtypes are seperated from the serous and undifferentiated subtypes based on 
their gene expression
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figure 2b. Unsupervised clustering of ovarian adenocarcinomas. This heatmap visualizes clustering of our 
sample on the 500 most regulated genes based on their standard deviations. Probes with a minimal expres-
sion range of 64 were included, Z-score transformed, and correlation was used as the distance measure

figure 3. In order to investigate the clinical relevance of the genes that exhibit differential expression 
between the histological subtypes, we used the top 10 of these genes (Supplemental Table 1) to classify the 
90 ovarian cancer samples included in this study
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clear cell tumours; total number of genes different: 49

HUGO description R-value p-value
level of 
expression

1 HAVCR1 hepatitis A virus cellular receptor 1 -0,681 2,45E-09 >=

2 SLC36A2
solute carrier family 36 (proton/amino acid 
symporter), member 2

-0,591 4,65E-06 >=

3 LBP lipopolysaccharide binding protein -0,585 5,25E-06 >=

4 TGM7 transglutaminase 7 -0,591 6,85E-06 >=

5 S100G S100 calcium binding protein G -0,571 1,31E-05 >=

6 ITGB3
integrin, beta 3 (platelet glycoprotein IIIa, 
antigen CD61)

-0,567 1,51E-05 >=

7 LOC440900 uncharacterized LOC440900 -0,563 1,68E-05 >=

8 SLC15A1
solute carrier family 15 (oligopeptide trans-
porter), member 1

-0,56 1,87E-05 >=

9 C12orf59 -0,545 4,30E-05 >=

10 MCCD1 mitochondrial coiled-coil domain 1 -0,546 4,36E-05 >=

Using the R2 microarray analysis and visualisation platform, we identified the genes that exhibit differen-
tial expression between the histological subtypes of ovarian adenocarcinomas by performing a one-way 
anova. For each subtype, the total number of genes altered compared to the other histological subtypes is 
indicated and the top 10 of those genes is shown. Correlation coefficient R is shown, with larger deviations 
indicating larger differences, as well as the p-value. 

supplementary table 1 continued Genes differentially expressed between histological subtypes
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supplementary table 2. Immunostaininig for PR, ER, HER2, and TP53

ovarian adenocarcinoma 
histological subtype

tP53 er Pr her-2

total- + - + - + - +

low grade serous 6 2 2 6 6 2 8 0 8

high grade serous 22 31 15 38 32 21 52 1 53

undifferentiated 7 7 2 12 11 3 14 0 14

mucinous 4 2 6 0 6 0 5 1 6

endometrioid 6 0 2 4 1 5 6 0 6

clear cell 1 2 2 1 3 0 2 1 3

Total 46 44 29 61 59 31 87 3 90

  

On the TMA constructed from the corresponding FFPE tumour tissue immunohistochemical staining for Tu-
mour Protein 53 (TP53), Estrogen Receptor (ER), Progesteron receptor (PR), and Human Epidermal growth 
factor Receptor 2 (HER2) was performed and sorted according to histological subtype. TP53 was scored 
visually as positive when at least 50% of tumour cells showed immunostaining. For ER and PR, according 
to Dutch guidelines 10% tumour cell positivity was the cut-off. HER2 was scored according to ASCO/
CAP guidelines (Wolff et al., 2007). IHC was scored as 0, 1+ (negative) , 2+ (equivocal) , or 3+ (defined as 
uniformed intense membrane staining of over 30% of tumour cells) and SISH was scored as negative (<4 
HER2 gene copies), equivocal (4-6 copies), or positive (>6 copies). The final score is based on the combined 
results of IHC and 
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supplemental figure 1. K-means clustering
The set of 90 ovarian adenocarcinomas is clustered in a pre-defined number of groups based on gene 
expression to demonstrate stability of those pre-defined groups. The upper row of coloured bars demon-
strates the final outcome of the 10 sets of 10 calculations each, shown as coloured bars in the middle. 
The lowest row of coloured bars shows the histological type of the ovarian adenocarcinomas (red:serous; 
orange: undifferentiated; blue: mucinous; green; endometrioid: endometrioid; pink: clear cell).
From the heatmap unerneath, showing the expression of genes involved, it is clear that two consistent 
clusters are formed, since the assignment of samples to these clusters is very often the same (k=2, left 
upper panel). Clustering into 3 groups shows that within the serous subtype, 2 subtypes exist, one of which 
contains most of the undifferentiated ovarian adenocarcinomas (k=3, right upper panel). Clustering into 4 
groups identifies the mucinous subtype as a different entity )k=4, left lower panel), clustering into 8 groups 
shows the endometrioid samples in a different cluster, as well as 2 serous and one clear cell sample (k=8, 
right lower panel).
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supplemental figure 2. NMF consensus clustering
The TCGA study, identified 1500 intrinsically variable genes on analysis of the mRNA expression of 489 
stage II-IV high grade serous ovarian adenocarcinoma samples (TCGA 2011).
A. We repeated their non-negative matrix factorization (NMF) consensus clustering, which yielded 4 clusters 
that correspond to Differentiated, Immunoreactive, Mesenchymal and Proliferative subtypes.
B.NMF clustering on the high grade serous samples in our sample set (n=53) resulted in 2 stable clusters. 
Three or more clusters demonstrated much less stability.

supplemental figure 3. Hierarchical cluster analysis
Performing hierarchical cluster analysis using the 185-gene set of Heinzelmann-Schwarz et al. (Heinzel-
mann-Schwarz et al., 2006) indentified the mucinous samples in our dataset as a separate subtype. LGALS4 
was one of the genes most differentially expressed in their set and our set.
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AbstrAct

Aberrant expression of human leukocyte antigens (HLA) class I has prognostic import-

ance in various cancers. Here, we evaluated the prognostic value of classical (A/B/C) and 

nonclassical (G/E) HLA expression in 169 high grade epithelial ovarian cancer samples 

and linked that to clinicopathological characteristics and survival. Expression of HLA-A, 

-B/C, or -E was not correlated with survival. Survival was prolonged when tumours ex-

pressed HLA-G (p= 0.008) and HLA-G was an independent predictor for better survival 

(p = 0.011). In addition, HLA-G expression was associated with longer progression-free 

survival (p = 0.036) and response to chemotherapy (p = 0.014). Accordingly, high ex-

pression of HLA-G mRNA was associated with prolonged disease free survival (p = 

0.037) in 65 corresponding samples. Elevated serum-soluble HLA-G levels as measured 

by enzyme-linked immunosorbent assay in 50 matched patients were not correlated to 

HLA-G protein expression or gene expression nor with survival. During treatment, sH-

LA-G levels declined (p = 0.038). In conclusion, expression of HLA-G is an independent 

prognostic factor for improved survival in high grade epithelial ovarian cancer and a 

predictor for platinum sensitivity.
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3.

introDuction

Epithelial ovarian cancer (EOC) is the most lethal gynaecological cancer and the 

second cause of cancer related death among women.[1] Stage at diagnosis, result 

of debulking surgery, histological type and response to chemotherapy all influence 

prognosis.[2-4] All patients are treated with cytoreductive surgery and adjuvant com-

bination chemotherapy, usually consisting of paclitaxel and carboplatin. Although 

response to treatment is high, approximately 70% of patients with advanced dis-

ease develop recurrence, suggesting that effectiveness of treatment protocols is low. 

Morphologically and histologically there are large differences within epithelial ovarian 

cancer, suggesting different patterns of development. Therefore a classification based 

on a dualistic model of carcinogenesis is developed.[5] Type I tumours are low grade, 

are slowly growing and develop from premalignant stage towards malignant lesion, 

while type II tumours are high grade, more aggressively growing and often present at 

an advanced stage.[6-8] However, even within type II tumours large differences exist 

regarding response to treatment and patient survival. 

Molecular variations or interference of the immune system with the disease pro-

cess may be accountable for this.[9,10] As in other solid tumours like breast, colon 

and cervical cancer, in epithelial ovarian cancer expression of human leukocyte anti-

gens (HLA) is also associated with prognosis.[9,11-14] The role of these molecules is to 

present intracellular peptides to cytotoxic T cells and herewith trigger an adequate im-

mune response against the aberrant cells.[15 In contrast, nonclassical HLA expression is 

thought to play a role in immune tolerance by inhibiting natural killer (NK) cell-mediated 

lysis.[16-21] Studies have also indicated that soluble HLA-G (sHLA-G) could play a role 

in suppressing the functions of various immune competent cells.[22-24]

Downregulation of classical HLA is associated with an unfavourable prognosis in 

ovarian cancer.[25,26] However the association of HLA-G with prognosis is contro-

versial.[12,27-32] Upregulation of HLA-G by IL6, IL8 or IL10 was suggested to help 

cancer cells evade the immune response by inhibition of NK cell- and CTL-mediated 

lysis.[33-35] However, the opposite was seen in melanoma cells. The same controversies 

regarding prognosis are seen between studies analysing HLA-G expression in ovarian 

cancer. These controversies could be due to the fact that heterogeneous groups of 

patients were analysed.[7,30] As HLA-G is frequently expressed in high grade ovarian 

tumours and almost never in low grade tumours, the role of this molecule could be 

different within these tumour types.[36] To optimize treatment regimens it is important 

to search for prognostic markers in homogenous cohorts of patients. 

The purpose of this study was to evaluate whether expression of classical and 

non-classical HLA influences survival in a cohort of 169 clinically well-characterized 

high grade epithelial ovarian cancer patients. In addition, we analysed HLA-G gene 

expression and serum sHLA-G concentration in all available matched frozen biopsies 

and serum samples, respectively.
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mAteriAls AnD methoDs

Patients and material

This study includes patients treated for primary epithelial ovarian cancer in the gynaeco-

logic oncologic centre of the Academic Medical Centre Amsterdam and one of its refer-

ral hospitals, the Deventer Hospital between 1993 and 2010. Haematoxylin/eosin (H&E) 

stained slides of the tumours were retrieved from the Pathology department archives 

and were reviewed. Histological features, including histological grade, were assessed 

by an experienced pathologist (MV) blinded for the clinical data. In total, 169 patients 

with type II, e.g. high grade serous and undifferentiated tumours were selected. Repres-

entative tumour areas were marked on the H&E slides to be cored for the array blocks. 

Furthermore, corresponding frozen tissue of 65 type II tumours was collected for RNA 

isolation. From 50 patients matched serum samples were available. 

Clinical data of these patients were obtained from a prospectively maintained data-

base at the department of gynaecologic oncology at the Academic Medical Centre Am-

sterdam and missing data were abstracted from patient charts. Staging of the disease 

was done according to the criteria of International Federation of Gynaecologists and 

Obstetricians (FIGO). All patients were treated with primary debulking surgery (PDS) 

or interval debulking surgery (IDS) and a platinum based combination chemotherapy 

if indicated by disease stage. Patients who had more than one centimetre of residual 

tumour after primary debulking surgery underwent an interval debulking, solely when 

there was no progression during chemotherapy treatment. Progression free survival 

(PFS) and disease specific survival (DSS) was calculated from the date of first surgery or 

start of chemotherapy to the date of progression, death or last follow-up, respectively. 

Result of surgery was scored as no macroscopic disease or any residual tumour. Fur-

thermore, sensitivity to platinum containing chemotherapy was classified according to 

moment of recurrence. When recurrence occurred within 6 months after the last cycle 

of chemotherapy was given, tumours were classified as platinum resistant. If recurrence 

occurred more than one year after the last cycle of chemotherapy was given, tumours 

were classified as platinum sensitive.[37, 38] The tissue and serum as well as the clinical 

data were used according to the guidelines of the Medical Ethical Committee of the 

Academic Medical Centre Amsterdam.

tissue microarray

To construct the tissue microarrays (TMA) formalin-fixed, paraffin-embedded (FFPE) 

tissue samples were collected from the pathology archive of both hospitals. We re-

trieved FFPE samples of primary tumour or metastasis at surgical intervention, which 

was either before treatment with chemotherapy or after 2 cycles of chemotherapy. Of 

each tumour 3 representative 0.6-mm-diameter cores were taken, resulting in 20 to 24 

tumours on each TMA block (Beecher Silverspring, MD USA TMA instrument). Sections 

of 4µm were obtained from each TMA block and placed on coated glass slides to allow 

for immunohistochemical staining.
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immunohistochemistry and evaluation of staining

For HLA class I staining, antibodies against HLA-A (HCA2), HLA-B/C (HC10) heavy 

chains were used (a kind gift from Prof. Dr. Jaques Neefjes, NKI, Amsterdam, The Neth-

erlands). Normal epithelium of benign ovarian cysts, liver and renal tissue served as con-

trol. In addition, 4µm sections of the TMAs were stained with the mouse monoclonal 

antibodies clone MEM-E/02 (MCA2193, AbD Serotec, Kidlington, UK) and clone 4H84 

(Lifespan BioSciences, WA, USA) against HLA-E and HLA-G, respectively.

First, the tissue sections were deparaffinised and rehydrated using graded concen-

trations of ethanol to distilled water, endogenous peroxidise activity was blocked with 

0.03% H2O2/MeOH for 20 minutes. Antigen retrieval was performed in boiling 0.01M 

citrate buffer (pH 6.0) for 12 minutes. After 2 hours of cooling in citrate buffer, slides 

were washed twice in distilled water and twice in phosphate-buffered saline (PBS). Sub-

sequently incubation was performed overnight at room temperature with the primary 

antibodies diluted in PBS containing 1% bovine serum albumin. Second, sections were 

incubated with BrightVision poly-horseradish peroxidase anti-mouse/rabbit/rat IgG (Im-

munoLogic BV, Duiven, the Netherlands) for 30 minutes at room temperature. Washing 

between incubations was performed 3 times for 5 minutes in PBS. Immune complexes 

were visualized by applying a 0.05M Tris–HCl buffer (pH 7.6) containing 0.05% of 

3,3’-diamino-benzidine-tetrahydrochloride and 0.0018% H2O2. After 10 minutes, the 

reaction was stopped by rinsing with demineralised water. Finally, the tissue sections 

were counterstained with Mayer’s haematoxylin before addition of a coverslip.

Immunohistochemical staining was scored without prior knowledge of clinical para-

meters and based on the intensity and percentage of positively stained tumour cells39. 

The percentage of positively stained tumour cells was scored from 0 to 5: absent (<1%, 

0), sporadic (1-5%, 1), local (6-25%, 2), occasional (26-50%, 3), majority (51-75%, 

4), or large majority (>75%, 5). The staining intensity was scored from 0 to 3 to re-

flect negative (0), weak (1), moderate (2), or strong (3) staining intensity (Ruiter 1998). 

Samples stained for classical HLA class I were categorized in one of three categories of 

expression based on the sum of the scores: normal expression, total score 7–8; weak, 

3–6; and total loss, 0–2. Any variation in expression was considered as downregulation 

(score ≤6). For HLA-G, membrane or combined membrane and cytoplasmic expression 

were considered positive. Scoring of HLA-G and –E was similar to classical HLA class 

I scoring, except that labelling of categories was different (strong expression 7–8; low 

expression 3–6; and no expression, 0–2). Samples with any expression (>3) were con-

sidered unregulated. HLA-E positivity was also analysed using 5 or higher as cut-off as 

described earlier for ovarian cancer.[12] To obtain high concordance rate with whole 

tissue slides, a minimum of 2 cores with representative tumours tissue had to be present 

on the TMA to be used in statistical analyses.

total rnA isolation and microarray hybridization 

RNA was isolated from frozen section that contained at least 50% of tumour collec-

ted at surgery for ovarian cancer. Of these 65 samples matched with tissue used to 
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construct the TMAs. For this study we used HLA-G gene expression data of these 65 

matched cases. For each specimen 30 sections of 20 µm were cut for RNA isolation. 

Total RNA was isolated and extracted using RNABee® (Amsbio, UK) and the RNeasy 

Mini kit® (DNAse-treated; Qiagen, the Netherlands) and amplified using the Illumina® 

Total Prep RNA Amplification kit (Ambion®, Life Technologies). Samples with RIN val-

ues ≥ 7, as evaluated using the BioAnalyzer (Agilent, California, USA), were used for 

genetic analyses. RNA of the 65 samples was hybridized to Illumina Human HT-12 v4 

Expression Beadchip 47K Arrays (Illumina, Ca, USA). The arrays provide intensity data 

for each probe or probe set, indicating a relative level of hybridization with the labelled 

target. Genes that were not detected above background level in at least one sample 

were excluded from the analysis. The data were then normalized by applying between 

array simple scaling (i.e., mean centring between arrays) and a subsequent log2 trans-

formation. 

shlA-G enzyme-linked immunosorbent assay

Serum samples were collected from patients visiting the department of gynaecologic 

oncology, and stored at -80°C. Samples were collected before start of treatment, after 

2 courses of chemotherapy, at the end of treatment and at time of recurrence. Of those 

patients whose tissue was used to construct TMA’s we could retrieve serum of 50 pa-

tients. 

sHLA-G was quantified using a commercially available ELISA kit (Exbio, Prague, Czech 

Republic) according to the manufacturer’s instructions. Briefly, calibrators and samples 

were incubated in microtitration wells precoated with monoclonal antibody Mouse An-

ti-HLA-G Monoclonal Antibody (MEMG/9), which recognized the most abundant sol-

uble isoforms (shedded sHLA-G1 and intron4-containing secreted HLA-G5). After 18 

hours of incubation and washing, monoclonal antihuman beta2-microglobulin antibody 

labelled with horseradish peroxidase (HRP), which recognized the immobilized antibody 

sHLA-G complex, was added to the wells and incubated for 60 minutes. Following rins-

ing the substrate solution (H2O2 with tetramethylbenzidine) was added to react with 

the remaining HRP-conjugated antibody. After the addition of acidic stop solution, the 

absorbance of the resulting yellow product was measured at 450 nm using a microplate 

reader (BIO-RAD Model 550, CA USA). According to absorbance values proportional 

to sHLA-G concentrations of calibrators, a calibration curve was constituted, and used 

to determine the sHLA-G concentrations of serum samples. The interassay coefficient 

variation of the human sHLA-G ELISA kit was 1.3–16.9% and the limit of detection was 

2 U/mL. The ELISA was performed in a blinded manner.

statistical analysis

Association of clinicopathologic parameters with HLA expression was analysed with 

two-sided Chi-square tests. To correlate loss of expression or upregulation of classical 

and non-classical HLA with clinicopathologic parameters or survival, expression of clas-

sical HLA class I was analysed as normal expression versus downregulation. Non-clas-
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sical HLA was analysed as no expression versus upregulation.

Survival was expressed as progression free survival (PFS) and disease specific sur-

vival (DSS). For DSS and PFS, the Kaplan-Meier method and log-rank test were used 

to calculate difference between groups with and without expression of classical and 

non-classical HLA. To determine if clinicopathologic characteristics as well as HLA class 

I expression were related to survival, univariable and multivariable Cox regression ana-

lyses were performed. Correlation of sHLA-G en HLA-G expression in tissue was ana-

lysed with Spearman’s rho. Differences in concentration of sHLA-G before, during or 

after treatment and at recurrence were compared between matched cases using the 

Wilcoxon-rank test for the median. In all cases p-values <0.05 were considered statistic-

ally significant. Statistical analysis was performed in IBM SPSS (Version 19.0, IBM SPSS, 

Chicago, IL). 

Gene expression levels of HLA-G were analysed using R2: microarray analysis and 

visualization platform (http://r2.amc.nl). Differential gene expression analysis of HLA-G 

of tissue with and without HLA-G protein expression and sHLA-G concentration was 

performed with ANOVA. For survival analyses Kaplan-Meier method and log-rank test 

were used to calculate differences between groups with expression levels above and 

below the median. 

results

Patient characteristics

Patients with high grade epithelial ovarian carcinoma treated with primary or interval 

debulking surgery were included (n=169). From 141 patients ovarian tissue was avail-

able of which 108 samples were collected before chemotherapy started.Median age at 

diagnosis was 60 years (range 36-88 years). The majority of cases had advanced stage 

disease (n=154) and residual disease after debulking surgery (n=132). Median follow up 

was 31 months (0.7-186); 125 patients had recurrence or progression. Median DSS was 

38 months (95%CI 29-47) and PFS was 15 months (95%CI 12-18). Clinicopathologic 

characteristics are summarized in table 1.

 

correlation of hlA class i protein expression and clinicopathologic characteristics

Expression of all classical and non-classical HLA class I molecules could be evaluated 

in 137 tumours (81%) (Figure 1). Downregulation of HLA-A occurred in 74.6% of the 

cases, in 37.2% there was no expression at all. Downregulation of HLA-B/C was ob-

served in 82.7%, in 46% of tumours expression was totally absent. HLA-E and HLA-G 

upregulation was observed in 73.4% and 47.9%, respectively. Clinical factors related 

to HLA protein expression were residual disease after surgery and sensitivity to chemo-

therapy (table 2). In univariable analysis residual disease after surgery (OR: 2.42 95% CI 

1.06-5.52) and sensitivity to platinum based chemotherapy (OR: 2.10; 95% CI 1.05-4.19) 

were significantly related to upregulation of HLA-G. In multivariable analysis sensitiv-
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baseline characteristics All patients (n= 169)

mean age, years (SD) 61 (11.7)

fiGo stage 

I 8 (5%)

II 7 (4%)

III 125 (74%)

IV 29 (17%)

histologic classification

High grade serous 141 (83%)

Undifferentiated 28 (17%)

residual disease after debulking surgery

No macroscopic tumour 37 (22%)

Less than 1 cm residual disease 46 (27%)

1cm or more residual disease 86 (51%)

Kind of debulking surgery

PDS 134 (79%)

IDS 35 (21%)

tissue origin

Ovary 141

Metastases 28

Kind of chemotherapy given

None 9 (5%)

Single drug platinum 5 (3%)

Multidrug carboplatin/paclitaxel 123 (19%)

Multidrug with platinum 32 (73%)

Amount of cycles 6 (5-7)

Platinum sensitivity

Refractory disease 34 (20%)

Platinum resistant disease 36 (21%)

Partial chemosensitive 25 (15%)

Platinum sensitive disease 65 (38%)

Refractory disease: recurrence occurred during chemotherapy treatment; Platinum resistant disease: recur-
rence occurred within 6 months after the last cycle of chemotherapy; Partial platinum sensitive: recurrence 
occurred after 6 months or within 1 year after last cycle of platinum based chemotherapy; Platinum sensitive 
disease: recurrence occurred more than 1 year after the last cycle of chemotherapy. 

table 1. Patient characteristics

ity to platinum based chemotherapy (OR: 2.46; 95% CI 1.05-5.75) was independently 

associated with HLA-G upregulation. Furthermore residual disease after surgery was 

independently associated with HLA-A downregulation (OR 2.86; 95% CI 1.17-7.03). 

Besides combined absence of HLA-A and HLA-G expression which was correlated to 

residual disease after surgery (p=0.038), combination of expression levels of HLA-E and 

–G or classical and non-classical HLA’s did not correlate with clinicopathologic charac-

teristics. 
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figure 1. Representative examples of HLA immunohistochemical staining, HLA-A (a-c), HLA-B/C (d-f), HLA-E 
(h-j), HLA-G (k-l). Strong expression (a, d, h, k), weak expression (b, e), loss of expression (c, f, j, l).
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K l



53 HLA-G expression predicts survival in high grade epithelial ovarian cancer

3.

HR = hazards ratio, CI = confidence interval, Ref = referent, PDS = Primary debulking surgery, IDS = Interval 
debulking surgery

Disease specific survival univariable analysis multivariable analysis

 hr 95% ci P value hr 95% ci P value

Age (years) 1.01 0.99-1.03 0.185

fiGo stage 

Low (I-IIA) 1 1

High (IIB-IV) 4.70 1.16-19.17 0.030 3.74 0.48-28-99 0.207

Kind of surgery

PDS 1 1

IDS 1.80 1.15-2.91 0.011 2.48 1.49-4.15 0.001

residual disease

Microscopic 1 1

Macroscopic 2.60 1.57-4.43 <0.000 2.21 1.21-4.02 0.009

hlA-A expression

Normal 1

Downregulation 1.30 0.85-1.98 0.231

hlA-b/c expression

Normal 1

Downregulation 1.13 0.68-1.88 0.647

hlA-e expression

Normal 1

Upregulation 1.31 0.75-2.27 0.341

hlA-G expression

Normal 1.69 1.14-2.51 0.009 1.62 1.08-2.42 0.020

Upregulation 1

table 3. Cox regression analysis on disease specific survival including clinicopathological factors and HLA 
expression

When correlating HLA expression with survival, expression of HLA-G was significantly 

correlated with a favourable prognosis. Both PFS and DSS were significantly better when 

tumours expressed HLA-G. PFS was 19 months and decreased with 6 months if there was 

no expression (p=0.038). DSS of patients with HLA-G expression was 56 months versus 

30 months when there was no expression of HLA-G (p=0.008). Five year survival of pa-

tients with tumors expressing HLA-G was significantly better (p= 0.001)(figure 2A). In the 

group of patients of whom ovarian tissue was collected before chemotherapy treatment 

started (n=108), PFS for HLA-G positive cases was 28 months versus 16 months for those 

lacking expression (p=0.027). DSS advantage in this group was 40 months (p=0.011). 

In univariable analysis, advanced stage disease (HR 4.7; 95% CI: 1.16-19.17), IDS (HR 

1.8; 95% CI: 1.15-2.91), macroscopic residual tumour (HR 2.6; 95% CI: 1.57-4.43) and 

lack of expression of HLA-G (HR 1.69; 95% CI: 1.14-2.51) were related to worse survival. 

In multivariable analysis HLA-G expression remained an independent prognostic factor for 

improved survival (p=0.020), as well no residual disease after surgery and PDS. However 

FIGO stage did not retain prognostic significance (table 3). 
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Downregulation of HLA-A resulted in a shorter PFS, 14 months (95% CI 11.1-16.9) 

instead of 25 months (95% CI 15.5-34.5) (p=0.047) when there was normal expres-

sion. Disease specific survival at five year follow-up was not different for patients with 

tumours lacking HLA-A expression. Within the whole follow-up period DSS was worse 

when there was downregulation (36 versus 58 months) however this was not significant 

(p=0.066). Expression or absence of expression of HLA-B/C, and -E (any upregulation 

or with a cut-off of 5) or combination HLA-E/G did not influence prognosis. Also when 

stratified for classical HLA class I expression no difference in survival was observed ac-

cording to HLA-E and/or –G expression (figure 2C).

figure 2. Survival analyses. 
Kaplan-Meier 5 year survival curves and log-rank test for HLA-G expression (A), HLA-A expression (B), HLA-G 
expression in tumours with downregulation of HLA-A (C), HLA-G gene expression at the median expression 
cut-off of 230.4 fluorescence units (D). (NS = not significant)

A B

c D
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Diagnosis During treatment After treatment Recurrence

hlA-G gene expression in frozen biopsies and shlA-G concentration in serum 

of high grade eoc patients

The median level of HLA-G gene expression in tumour tissue was 230.38 fluorescence 

units. Patients with high HLA-G gene expression had a significant better prognosis than 

those with low expression for 5 year disease specific survival (p=0.027) (figure 2D). 

Protein expression of HLA-G in tumour tissue was not correlated with HLA-G gene ex-

pression (p=0.43) and also no correlation was observed between serum sHLA-G levels 

and protein expression (R=0.26, p=0.066) or sHLA-G levels and gene expression.

The concentration of sHLA-G in serum at start of treatment had a median of 10.3 

U/ml (Interquartilerange (IQR) 3.0-23.5). Median concentration at start treatment was 

higher than after 2 cycles of chemotherapy 5.7 U/ml (IQR 3.0-7.3) (p=0.038). Concen-

tration of sHLA-G decreased during the treatment and increased at recurrence (figure 

3). At recurrence, levels of sHLA-G were equally high as at start of treatment (median 

7.4 U/ml (IQR 2.8-27.5)). Finally, no difference was seen in disease specific survival of 

patients with sHLA-G levels in serum above the median (n= 19) and below the median 

(n= 17)(p= 0.70).

┴ lowest interquartile 
┬ highest interquartile

figure 3. Median concentration of sHLA-G (u/ml) at diagnosis, after 2 cycles of chemotherapy, after primary 
treatment and at recurrence. 
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Discussion

In this study we analysed expression of classical and non-classical HLA class I in high 

grade ovarian carcinomas. Upregulation of HLA-G expression was an independent pre-

dictor for improved survival. Furthermore, our analyses showed that HLA-G expres-

sion in these tumours is correlated with residual disease after surgery and sensitivity 

to platinum chemotherapy. In addition, loss of expression of HLA-A resulted in shorter 

progression-free survival. The expression or loss of expression of other classical and 

non-classical HLA molecules in combination or alone was not associated with survival. 

In concordance with protein expression, elevated gene expression of HLA-G was as-

sociated with good prognosis. However, besides an elevated concentration of sHLA-G 

at start of treatment, the concentration of serum sHLA-G did not show any prognostic 

relevance. 

Prognostic significance of HLA class I molecules has been described in various solid as 

well as heamatopoetic tumours, including ovarian cancer. Several groups showed that 

intact HLA phenotype confers better prognosis in terms of overall survival.[9,25,40] 

Only one study, by Vitale et al [41] did not show a survival advantage for HLA class I in 

ovarian cancer. Mostly the lack of expression of classical HLA class I is associated with 

poor survival, whereas expression of HLA-E or –G results in a worse prognosis.[12,13, 

17,25,35,42,43] Recently however it was shown that absence of HLA-G and –E expres-

sion, but also absence of HLA class I expression was associated with worse survival in 

colon cancer patients.[44] This examples the controversies which exists regarding HLA 

and survival, which could be due to differences in staining techniques and scoring or 

definition of expression.

Although expression of HLA-G is mostly correlated with poor survival, which is ex-

plained by inhibition of NK cell and CTL mediated lyses, our data show that in high 

grade EOC expression of HLA-G is associated with a good prognosis. It is assumed that 

upregulation helps the tumour to evade the immune response of the host by blocking 

NK cell activity whilst others dispute this.[27,31] Improved survival of patients with epi-

thelial ovarian cancer expressing HLA-G in tumour cells in ascites has been described.

[31] Yet, the biological significance of HLA-G remains uncertain at present.HLA-G is 

more often expressed in high grade tumours.[36,45,46], therefore it is thought that 

HLA-G plays a role in tumour growth and aggressive behaviour of high grade EOC. 

HLA-G is also thought to influence chemosensitivity of high grade EOC.[31] Further-

more as described in melanoma cell lines, expression of HLA-G can account for sus-

ceptibility to NK-mediated lysis due to a switch in alternative splicing.[30] The primary 

transcript of HLA-G is alternatively spliced, producing seven different mRNA molecules 

encoding four membrane-bound (HLA-G1 to HLA-G4) and 3 soluble (HLA-G5- G7) 

protein isoforms. The susceptibility to NK-mediated lysis could be explained by a switch 

of alternative splicing leading to the loss of cell surface HLA-G1 and its replacement 

by intracellular HLA-G2, through which tumour cells become more susceptible to NK 

cell-mediated lysis.[30,35] Recent findings show that HLA-G interacts with KIR2DL4 
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on NK cells to regulate the production of cytokines and chemokines.[47] This binding 

leads to pro-angiogenic factors and inflammatory cytokines production activating the 

immune response. To further examine how NK and T cells respond to HLA-G we are 

currently analysing the expression of KIR2DL4 on CTLs and NK cells isolated from high 

grade EOC patients. On the contrary recently Lin et al. described that tumour invasiveness 

or metastasis correlated with HLA-G expression may rely on the induction of MMP-15 

expression by HLA-G in ovarian cancer.[48]

Expression of non-classical HLAs in tumours lacking expression of classical HLA has 

been described in several solid tumours to influence prognosis in a negative way. [28, 

43,49] This is explained by the mechanism of downregulation of classical HLA class I res-

ulting in escape of tumours from cytotoxic T-cell immune recognition. By upregulation of 

nonclassical HLA they may further escape immune recognition.[35]We could not demon-

strate this in the current high grade ovarian carcinoma cohort. Although, we could not 

indisputably demonstrate a significant correlation between HLA-G gene expression and 

expression at the protein level, high gene expression was found to be associated with a 

good prognosis. There is evidence of up-regulation of HLA-G mRNA in response to trans-

formation, neovascularisation, inflammation and infection.[50] Increased vascularity may 

suggest improved tumour oxygenation and drug delivery and thereby improved response 

to chemotherapy.[51] High gene expression of HLA-G could reflect highly vascularised 

tumours and susceptibility to chemotherapy.

In contrast, detection of soluble HLA-G in ascites was described to be higher in malignant 

ascites of ovarian and breast cancer than in ascites of benign disease.45 but detection of 

sHLA-G in serum of ovarian cancer patients has not been described Although the concen-

tration of sHLA-G at diagnosis was higher than after treatment in the present study, no 

prognostic value of sHLA-G could be demonstrated. Schütt et al described in a subgroup 

of lung cancer patients with squamous cell carcinoma a better prognosis for patients with 

low concentrations of sHLA-G.[52] Similar to the findings in our study, no prognostic 

significance for sHLA-G concentration was observed in breast-, renal cell- and esophageal 

carcinoma.[53-55] Expression of HLA-G on tumour cells in malignant effusions has been 

demonstrated to be related to survival and proposed as a possible marker of tumour sus-

ceptibility to chemotherapy.[31] In concordance with the findings of Davidson et al., who 

found reduced expression of HLA-G in effusions obtained after start of chemotherapy we 

found a reduced concentration of sHLA-G in serum in samples obtained during and after 

treatment. This could indicate a role in susceptibility to chemotherapy.

In order to validate the use of HLA-G expression as a predictive marker in selecting 

patients for treatment, independent, large homogeneous cohorts should be evaluated to 

make definite conclusions on the prognostic influence of HLA expression in EOC. In con-

clusion, this is the first study to describe the correlation of classical and non-classical HLA 

class I expression levels with survival in high grade epithelial ovarian cancer and to cor-

relate both membrane-bound and soluble HLA-G protein and HLA-G gene expression. 

The here presented data show that, in high grade epithelial ovarian carcinomas, HLA-G 

expression is an independent parameter for improved survival.



Chapter 358 HLA-G expression predicts survival in high grade epithelial ovarian cancer

RefeRence List

1.  Siegel R, Naishadham D, Jemal A. Cancer stat-
istics, 2012.

2.  Elattar A, Bryant A, Winter-Roach BA, Hatem 
M, Naik R. Optimal primary surgical treatment 
for advanced epithelial ovarian cancer. Co-
chrane Database Syst Rev 2011;(8):CD007565.

3.  Braicu EI, Sehouli J, Richter R, Pietzner K, Den-
kert C, Fotopoulou C. Role of histological type 
on surgical outcome and survival following 
radical primary tumour debulking of epithelial 
ovarian, fallopian tube and peritoneal cancers. 
Br J Cancer 2011;105(12):1818-1824.

4.  Winter WE, III, Maxwell GL, Tian C et al. Tumor 
residual after surgical cytoreduction in predic-
tion of clinical outcome in stage IV epithelial 
ovarian cancer: a Gynecologic Oncology Group 
Study. J Clin Oncol 2008;26(1):83-89.

5.  Kurman RJ, Shih I. Molecular pathogenesis 
and extraovarian origin of epithelial ovarian 
cancer;shifting the paradigm. Hum Pathol 
2011;42(7):918-931.

6.  Kurman RJ, Shih I. Pathogenesis of ovarian can-
cer: lessons from morphology and molecular 
biology and th\eir clinical implications. Int J 
Gynecol Pathol 2008;27(2):151-160.

7.  Bamias A, Sotiropoulou M, Zagouri F et al. Pro-
gnostic evaluation of tumour type and other 
histopathological characteristics in advanced 
epithelial ovarian cancer, treated with surgery 
and paclitaxel/carboplatin chemotherapy: cell 
type is the most useful prognostic factor. Eur J 
Cancer 2012;48(10):1476-1483.

8.  Vang R, Shih I, Kurman RJ. Ovarian low-grade 
and high-grade serous carcinoma: pathogen-
esis, clinicopathologic and molecular biologic 
features, and diagnostic problems. Adv Anat 
Pathol 2009;16(5):267-282.

9.  Shehata M, Mukherjee A, Deen S, Al-Attar A, 
Durrant LG, Chan S. Human leukocyte antigen 
class I expression is an independent prognostic 
factor in advanced ovarian cancer resistant to 
first-line platinum chemotherapy. Br J Cancer 
2009;101(8):1321-1328.

10.  Seliger B, Rongcun Y, Atkins D et al. HER-2/neu 
is expressed in human renal cell carcinoma at 
heterogeneous levels independently of tumor 
grading and staging and can be recognized by 
HLA-A2.1-restricted cytotoxic T lymphocytes. 
Int J Cancer 2000;87(3):349-359.

11.  Watson NF, Ramage JM, Madjd Z et al. Immun-
osurveillance is active in colorectal cancer as 
downregulation but not complete loss of MHC 
class I expression correlates with a poor pro-
gnosis. Int J Cancer 2006;118(1):6-10.

12.  Gooden M, Lampen M, Jordanova ES et al. 
HLA-E expression by gynecological cancers re-
strains tumor-infiltrating CD8(+) T lymphocytes. 
Proc Natl Acad Sci U S A 2011;108(26):10656-

10661.
13. Madjd Z, Spendlove I, Pinder SE, Ellis IO, Dur-

rant LG. Total loss of MHC class I is an inde-
pendent indicator of good prognosis in breast 
cancer. Int J Cancer 2005;117(2):248-255.

14.  Jung YW, Kim YT, Kim SW et al. Correlation 
of human leukocyte antigen-G (HLA-G) ex-
pression and disease progression in epithelial 
ovarian cancer. Reprod Sci 2009;16(11):1103-
1111.

15.  Suthanthiran M, Strom TB. Renal transplanta-
tion. N Engl J Med 1994;331(6):365-376.

16.  Favier B, LeMaoult J, Carosella ED. Functions of 
HLA-G in the immune system. Tissue Antigens 
2007;69 Suppl 1:150-152.

17. Rouas-Freiss N, Moreau P, Menier C, 
Carosella ED. HLA-G in cancer: a way to turn 
off the immune system. Semin Cancer Biol 
2003;13(5):325-336.

18.  Braud VM, McMichael AJ, Cerundolo V. Dif-
ferential processing of influenza nucleopro-
tein in human and mouse cells. Eur J Immunol 
1998;28(2):625-635.

19.  Lee N, Llano M, Carretero M et al. HLA-E is a 
major ligand for the natural killer inhibitory re-
ceptor CD94/NKG2A. Proc Natl Acad Sci U S A 
1998;95(9):5199-5204.

20.  Moretta A, Biassoni R, Bottino C, Mingari MC, 
Moretta L. Natural cytotoxicity receptors that 
trigger human NK-cell-mediated cytolysis. Im-
munol Today 2000;21(5):228-234.

21.  Malmberg KJ, Levitsky V, Norell H et al. IFN-
gamma protects short-term ovarian car-
cinoma cell lines from CTL lysis via a CD94/
NKG2A-dependent mechanism. J Clin Invest 
2002;110(10):1515-1523.

22.  Lin A, Yan WH, Xu HH et al. HLA-G expression 
in human ovarian carcinoma counteracts NK 
cell function. Ann Oncol 2007;18(11):1804-
1809.

23.  Le Gal FA, Riteau B, Sedlik C et al. HLA-G-me-
diated inhibition of antigen-specific cytotoxic 
T lymphocytes. Int Immunol 1999;11(8):1351-
1356.

24.  Contini P, Ghio M, Poggi A et al. Soluble HLA-
A,-B,-C and -G molecules induce apoptosis in T 
and NK CD8+ cells and inhibit cytotoxic T cell 
activity through CD8 ligation. Eur J Immunol 
2003;33(1):125-134.

25.  Rolland P, Deen S, Scott I, Durrant L, Spend-
love I. Human leukocyte antigen class I anti-
gen expression is an independent prognostic 
factor in ovarian cancer. Clin Cancer Res 
2007;13(12):3591-3596.

26.  Han LY, Fletcher MS, Urbauer DL et al. HLA 
class I antigen processing machinery compon-
ent expression and intratumoral T-Cell infiltrate 
as independent prognostic markers in ovarian 



59 HLA-G expression predicts survival in high grade epithelial ovarian cancer

3.

carcinoma. Clin Cancer Res 2008;14(11):3372-
3379.

27.  Real LM, Cabrera T, Collado A et al. Expres-
sion of HLA G in human tumors is not a fre-
quent event. Int J Cancer 1999;81(4):512-
518. 

28.  Urosevic M, Kurrer MO, Kamarashev J et al. 
Human leukocyte antigen G up-regulation in 
lung cancer associates with high-grade his-
tology, human leukocyte antigen class I loss 
and interleukin-10 production. Am J Pathol 
2001;159(3):817-824.

29.  Lefebvre S, Antoine M, Uzan S et al. Specific 
activation of the non-classical class I histocom-
patibility HLA-G antigen and expression of the 
ILT2 inhibitory receptor in human breast cancer. 
J Pathol 2002;196(3):266-274.

30.  Rouas-Freiss N, Bruel S, Menier C, Marcou C, 
Moreau P, Carosella ED. Switch of HLA-G al-
ternative splicing in a melanoma cell line causes 
loss of HLA-G1 expression and sensitivity to NK 
lysis. Int J Cancer 2005;117(1):114-122.

31.  Davidson B, Elstrand MB, McMaster MT et al. 
HLA-G expression in effusions is a possible 
marker of tumor susceptibility to chemo-
therapy in ovarian carcinoma. Gynecol Oncol 
2005;96(1):42-47.

32.  El-Chennawi FA, Auf FA, El-Diasty AM et al. 
Expression of HLA-G in cancer bladder. Egypt 
J Immunol 2005;12(1):57-64.

33.  Urosevic M, Dummer R. HLA-G and IL-10 ex-
pression in human cancer--different stories 
with the same message. Semin Cancer Biol 
2003;13(5):337-342.

34.  Agaugue S, Carosella ED, Rouas-Freiss N. Role 
of HLA-G in tumor escape through expansion 
of myeloid-derived suppressor cells and cy-
tokinic balance in favor of Th2 versus Th1/Th17. 
Blood 2011;117(26):7021-7031.

35.  Bukur J, Jasinski S, Seliger B. The role of classical 
and non-classical HLA class I antigens in human 
tumors. Semin Cancer Biol 2012;22(4):350-
358.

36.  Menier C, Prevot S, Carosella ED, Rouas-Freiss N. 
Human leukocyte antigen-G is expressed in ad-
vanced-stage ovarian carcinoma of high-grade 
histology. Hum Immunol 2009;70(12):1006-
1009. 

37.  Gordon AN, Tonda M, Sun S, Rackoff W. Long-
term survival advantage for women treated 
with pegylated liposomal doxorubicin com-
pared with topotecan in a phase 3 randomized 
study of recurrent and refractory epithelial 
ovarian cancer. Gynecol Oncol 2004;95(1):1-8.

38.  Rauh-Hain JA, Nitschmann CC, Worley J et al. 
Platinum resistance after neoadjuvant chemo-
therapy compared to primary surgery in patients 
with advanced epithelial ovarian carcinoma. 

Gynecologic Oncology 2013;129(1):63-68.
39.  Ruiter DJ, Ferrier CM, van Muijen GN et al. Qual-

ity control of immunohistochemical evaluation 
of tumour-associated plasminogen activators 
and related components. European BIOMED-1 
Concerted Action on Clinical Relevance of Pro-
teases in Tumour Invasion and Metastasis. Eur J 
Cancer 1998;34(9):1334-1340.

40.  Han LY, Fletcher MS, Urbauer DL et al. HLA 
class I antigen processing machinery compon-
ent expression and intratumoral T-Cell infiltrate 
as independent prognostic markers in ovarian 
carcinoma. Clin Cancer Res 2008;14(11):3372-
3379.

41.  Vitale M, Pelusi G, Taroni B et al. HLA class I 
antigen down-regulation in primary ovary car-
cinoma lesions: association with disease stage. 
Clin Cancer Res 2005;11(1):67-72.

42.  Garrido F, Algarra I. MHC antigens and tumor 
escape from immune surveillance. Adv Cancer 
Res 2001;83:117-158.

43.  de Kruijf EM, Sajet A, van Nes JG et al. HLA-E 
and HLA-G expression in classical HLA class 
I-negative tumors is of prognostic value for 
clinical outcome of early breast cancer patients. 
J Immunol 2010;185(12):7452-7459.

44.  Zeestraten EC, Reimers MS, Saadatmand S et 
al. Combined analysis of HLA class I, HLA-E and 
HLA-G predicts prognosis in colon cancer pa-
tients. Br J Cancer 2013.

45.  Singer G, Rebmann V, Chen YC et al. HLA-G is 
a potential tumor marker in malignant ascites. 
Clin Cancer Res 2003;9(12):4460-4464.

46.  Shih I, Kurman RJ. Ovarian tumorigenesis: 
a proposed model based on morphological 
and molecular genetic analysis. Am J Pathol 
2004;164(5):1511-1518.

47.  Rajagopalan S, Long EO. KIR2DL4 (CD158d): 
An activation receptor for HLA-G. Front Im-
munol 2012;3:258.

48.  Lin A, Xu HH, Xu DP, Zhang X, Wang Q, Yan 
WH. Multiple steps of HLA-G in ovarian car-
cinoma metastasis: alter NK cytotoxicity and 
induce matrix metalloproteinase-15 (MMP-15) 
expression. Hum Immunol 2013;74(4):439-
446.

49.  Coupel S, Moreau A, Hamidou M, Horejsi V, 
Soulillou JP, Charreau B. Expression and re-
lease of soluble HLA-E is an immunoregulatory 
feature of endothelial cell activation. Blood 
2007;109(7):2806-2814.

50.  Carosella ED, Favier B, Rouas-Freiss N, Moreau 
P, LeMaoult J. Beyond the increasing complex-
ity of the immunomodulatory HLA-G molecule. 
Blood 2008;111(10):4862-4870.

51.  O’Toole SA, Sheppard BL, Laios A et al. Potential 
predictors of chemotherapy response in ovarian 
cancer. How do we define chemosensitivity? 



Chapter 360

Gynecologic Oncology 2007;104(2):345-351.
52.  Schutt P, Schutt B, Switala M et al. Prognostic 

relevance of soluble human leukocyte anti-
gen-G and total human leukocyte antigen class 
I molecules in lung cancer patients. Hum Im-
munol 2010;71(5):489-495.

53.  He X, Dong DD, Yie SM et al. HLA-G expres-
sion in human breast cancer: implications 
for diagnosis and prognosis, and effect on 
allocytotoxic lymphocyte response after hor-
mone treatment in vitro. Ann Surg Oncol 
2010;17(5):1459-1469.

54.  Li BL, Lin A, Zhang XJ et al. Characterization of 
HLA-G expression in renal cell carcinoma. Tis-
sue Antigens 2009;74(3):213-221.

55.  Lin A, Zhang X, Zhou WJ et al. Human leuk-
ocyte antigen-G expression is associated with 
a poor prognosis in patients with esopha-
geal squamous cell carcinoma. Int J Cancer 
2011;129(6):1382-1390.







 chAPter 4

Development and internal  
validation of a prognostic  

model for survival after  
debulking surgery for  

epithelial ovarian cancer

M.J. Rutten
J.H.L. Boldingh

E. Schuit
H. Trum

W. van Driel
B.W.J. Mol 

G.G. Kenter
M.R. Buist

Gynecologic Oncology 2014;135 p13–18



64 Predicting survival for epithelial ovarian cancer patientsChapter 4

AbstrAct

objective

Predicting survival of patients with epithelial ovarian cancer (EOC) is based on prognosis 

of the population. Combining prognostic factors could facilitate survival prediction on 

the level of the individual patient. The aim of this study was to develop a prognostic 

model to predict five-year disease specific survival in patients with EOC, and to evaluate 

whether this would add to prediction based on prognosis of the population.

methods

A retrospective cohort study was performed of all EOC patients treated with primary 

debulking and adjuvant chemotherapy or neo-adjuvant chemotherapy and interval de-

bulking surgery in three gynaecological-oncologic centres between 1998 and 2010. 

Primary outcome was 5-year disease-specific survival. We developed a Cox proportional 

hazard model using the LASSO-method to select the best combination of character-

istics from 12 potential predictors and to correct for overfitting. Performance of the 

model was expressed as calibration and discrimination (c-statistic). A nomogram was 

developed to increase the clinical applicability of the model.

results

Of 840 patients with EOC 462 (55%) died within 5 years due to the disease. A combin-

ation of FIGO stage, residual tumour after surgery, primary or interval surgery, histology, 

performance status, age, amount of ascites and a family history suggestive of breast/

ovarian cancer best predicted 5-year survival. The final model showed accurate calibra-

tion and the c-statistic was 0.71 (95% CI 0.69-0.74). 

conclusions

Five-year survival in all stage EOC patients can be predicted accurately using available 

characteristics. After external validation the model can be used for counselling of pa-

tients. 
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4.

introDuction

Ovarian cancer has a poor prognosis. Advanced disease is present in 80% of patients at 

time of diagnosis. Although the response of most patients on initial treatment is good, dis-

ease recurs in 75% of patients resulting in a 5 year overall survival of only 35%.[1] Ovarian 

cancer is a very heterogeneous disease and patients’ response to therapy differs widely. 

Prognosis is influenced not only by the stage of disease but also by the result of surgical 

treatment.[2-5] Furthermore histology, performance status, BRCA mutation status, age, 

type of surgery and several other factors are known to influence prognosis.[4;6-8] 

Use of general survival statistics could be valuable when predicting the expected course 

of disease in a population, yet these are too general to make an accurate prognosis for a 

single patient because prognosis is hardly ever univariable.[9] Currently clinicians merely 

use the FIGO stage and residual tumour to estimate prognosis for the individual patient. 

This however does not give an accurate prediction for a particular patient because it is an 

oversimplification of reality and various predictors are not taken into account.[10] When 

selecting patients for treatment or assigning them to specific study protocols all prognostic 

factors should be weighed in the decisions. To explicitly assess the clinical prediction capa-

city of combined prognostic factors it is worthwhile to use a prognostic model. Currently, 

only prognostic models are available for subgroups of patients with advanced stage epi-

thelial ovarian cancer and/or treated with primary surgery.[10-13] 

The purpose of our study was to develop one prognostic model that accurately predicts 

5-year disease specific survival for all patients with epithelial ovarian cancer after primary 

treatment. Including survival after primary debulking surgery as well as interval debulking 

surgery after neo-adjuvant chemotherapy. To improve clinical application, a nomogram 

was developed to easily calculate the probability of survival. 

methoDs

study population

We used data from a prospectively recorded clinical cancer registry of three oncologic 

centres in the North Western part of the Netherlands (Academic Medical Centre, Free 

University Medical Centre and Antoni van Leeuwenhoek Hospital). From this database, 

we identified consecutive patients who underwent cytoreductive surgery for primary epi-

thelial ovarian cancer (EOC) FIGO stage I to IV between 1998 and July 2010. Patients 

were excluded if they had advanced stage disease (FIGO IIB or higher) but did not receive 

taxane- and platinum-based systemic chemotherapy. Furthermore, patients with a trans-

itional cell or Brenner carcinoma were excluded. 

Low stage patients underwent full staging procedures. For advanced stage disease 

primary debulking surgery was the standard treatment when it was assessed that at least 

residual disease of less than one centimetre in diameter could be left. Patients underwent 

a maximal effort to remove all macroscopic tumour deposits, if necessary with extensive 



66 Predicting survival for epithelial ovarian cancer patientsChapter 4

surgical procedures. When debulking to no residual disease or to residuals less than 1 

cm maximum seemed not feasible [14;15] or when a patient could not sustain extensive 

surgery, neo-adjuvant chemotherapy followed by interval debulking surgery (NACT-IDS) 

was given after histological confirmation of the diagnosis. A gynaecological oncologist 

performed the debulking surgery.

outcome and predictors

The primary outcome of our study was disease specific survival (DSS) defined as time to 

death related to EOC or until the end of follow-up at least 5 years after initiation of first 

treatment. Cause of death was registered as related to EOC or not. Time was measured 

in months from the beginning of treatment i.e. date of first surgery or start of chemo-

therapy, until the final date of follow up. Survival data were last updated in August 2012 

based on patient’s files and/or responses from their physicians. Patients were censored if 

they were lost to follow up, if they died from another cause than one related to EOC or if 

they were still alive after five years of follow-up. 

Based on current literature we selected 12 potential predictors associated with survival 

of EOC. Candidate predictors were stage of disease according to the FIGO criteria divided 

in stages I, II, III (reference) and IV [16], WHO performance status (0 (reference), 1, 2, 3) 

[17], age [6], histological classification divided in high and low grade serous, mucinous, 

endometrioid, clearcell and undifferentiated epithelial tumours [7;18], primary or interval 

debulking surgery [19], residual tumour diameter divided in no, minimal (<1cm in dia-

meter) and gross residual (>1 cm in diameter) [3;5], American Society of Anaesthesiolo-

gists (ASA) score (1, 2 (reference), 3), positively tested for BRCA1-2 mutation [20], amount 

of ascites at debulking surgery [4], serum CA-125 concentration at start treatment [21], 

serum albumin concentration at surgery [22], and surgery complexity score (SCS) (low 

(reference), intermediate, high).[23] SCS was scored according to a scoring system de-

veloped by Aletti et al. (Supplementary table 1). Data was subtracted from the cancer 

registry and when possible, missing data was completed by chart review.

model development and validation

Several women had missing values for some of the potential predictors. These missing 

data were imputed, because a full case analysis would lead to a loss of statistical power 

and potentially biassed results.[24] A multiple imputation dataset was generated by 10 

imputed datasets. The imputation model included the outcome of disease and the afore-

mentioned potential predictors. All analyses were performed in each imputed dataset 

separately and the results were pooled using Rubin’s rule. We used the first imputed 

dataset for internal validation.

The linearity of the relation between the continuous variables albumin measured within 

three weeks before surgery, CA125 at start of treatment and age and the outcome was 

assessed using restricted cubic splines. When necessary, the continuous variables were 

transformed using logarithmic or quadratic transformations Survival rates were estimated 

by the Kaplan-Meier method.
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4.

Univariable and multivariable regression analyses were performed. The multivariable 

Cox proportional hazard model included all 12 candidate predictors. A Least Absolute 

Shrinkage and Selection Operator (LASSO) method was used to select predictors and to 

shrink the selected predictors according to their relative contribution to the final model.

[25] Internal validation was performed by the bootstrap method, in which new data-

sets are created by random drawing from the sample with replacement.[26] In each of 

these new datasets (n=200) the entire modelling process, i.e. developing a Cox regression 

model with a LASSO penalty, was repeated. 

Model performance was evaluated by determining the calibration and discrimination.

[26;27] Calibration is the agreement between event rates observed in the population and 

event rates predicted by the model for groups of patients at a certain time. To evaluate the 

calibration, we divided the dataset in 10 subgroups based on the predicted risk of dying 

from EOC. In each subgroup, we calculated the mean predicted probability of dying from 

EOC and the mean observed fraction of dying from EOC at 5 years. To do this we used an 

adaptive linear spline hazard regression method. The predicted and observed means were 

plotted in a smooth calibration plot. An accurate calibration would show no difference 

between prediction and observation (X=Y and calibration slope = 1). Discrimination is 

the models ability to differentiate between patients who die from EOC and patients who 

will not. Discrimination was calculated through Harrell’s overall concordance (c) statistic. 

We also illustrated discrimination by dividing the dataset into four groups based on the 

height of the linear predictor. A linear predictor is the sum of all regression coefficients 

from a single patient. We plotted a Kaplan-Meier curve for all four groups. Discrimination 

was visualised by the difference in observed survival between these four groups. Finally to 

improve clinical application we created a nomogram based on the lasso coefficients in 

order to easily predict individual 1-year, 3-year and 5-year survivals.

Variables were handled in a datasheet using IBM SPSS Statistics 20.0 (IBM corp.) Ana-

lyses were performed using R version 2.15.3 (R Foundation for Statistical Computing, 

Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-roject.org/). 

results

Patients

Nine hundred and ten patients who were treated surgically for primary EOC between 

1998 and 2010 were identified. We excluded 7 patients because they had EOC with 

a transitional cell type and 63 because they did not receive adjuvant chemotherapy al-

though indicated by their FIGO stage. Therefore the study group consisted of 840 pa-

tients. As 12 predictors were analysed, there were 12*840=10,920 data points. Missing 

values ranged from 0.01% for result of surgery to 23.8% in serum albumin. These were 

subsequently imputed. Patients’ characteristics are shown in Table 1. The mean age was 

59 (range, 22-88) years. Most patients had a FIGO stage III tumour (66%). Tumour origin 

was mostly high grade serous (62%). A total of 462 (54%) patients died from EOC within 

5 years. The median follow up time was 34 months IQR [21-54]. 
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FIGO indicates International Federation of Gynaecology and Obstetrics; BRCA 1-2 indicates BRCA mutation; 
and SCS indicates Surgical Complexity Score (Aletti et al 2007)

total (n=840)

Variable no. (%) or median (iQr) missing values (%)

Age (years) 59 [51-67] 0 (0)

AsA score 46 (5)

ASA 1 261 (31) -

ASA 2 439 (52) -

ASA 3 94 (11) -

Who Performance 106 (13)

WHO 0 419 (50) -

WHO 1 254 (30) -

WHO 2 54 (6) -

WHO 3 7 (1) -

brcA 1-2 11 (1)

No 781 (93) -

Yes 48 (6) -

histology 0 (0)

Low Grade Serous 30 (4) -

High Grade Serous 523 (62) -

Mucinous 53 (6) -

Endometrioid 92 (11) -

Clear cell 46 (5) -

Undifferentiated 96 (11) -

fiGo stage 0 (0)

Stage I 96 (11) -

Stage II 48 (6) -

Stage III 553 (66) -

Stage IV 143 (17) -

Ascites 35 (4)

< 500 ml. 650 (77) -

> 500 ml. 155 (18) -

cA 125 (mmol/l) 562 [163-1822] 44 (5)

Albumin (g/ml) 42 [39-45] 200 (24)

first surgery 0 (0)

PDS 407 (48) -

IDS 433 (52) -

residual tumour 2 (0)

None 405 (48) -

< 10 mm. 252 (30) -

> 10 mm. 181 (22) -

scs 26 (3)

Low 589 (70) -

Intermediate 203 (24) -

High 22 (3) -

table 1 Characteristics of the study population with number of missing values.
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statistical analysis

Median survival was 26 months IQR [15-38]. Overall, the 5 year DSS was 37% (33-

41%). The Kaplan Meier curves for DSS stratified by FIGO stage are shown in figure 

1. The 5 year DSS for stages I, II, III and IV was 88% (81-95), 63% (48-83), 30% (26-

35%), 21% (14-31%), respectively. 

When continuous variables were transformed using spline functions, age as of 75 years 

appeared to decrease the risk of DSS with each increasing year. CA125 was transformed 

using a logarithmic transformation and for Albumin a linear function fitted best.

Table 2 shows the results of the univariable and multivariable analyses. Age, type of 

first surgery, residual tumour at the end of surgery, histology, FIGO stage, WHO per-

formance scale, amount of ascites and BRCA1-2 were all independently associated with 

DSS. In the full model, predictors with a large prognostic strength were residual tumour 

of more than one centimetre (Hazard Ratio (HR) [95% Confidence Interval] 2.4 (95% 

CI 1.85-3.12) as compared to no residual tumour), FIGO stage I (HR 0.19 [0.10-0.37] 

compared to FIGO stage III) and PDS (HR 0.55 [0.43-0.69] compared to IDS). Other pre-

dictors had a smaller prognostic relevance. Amount of ascites had little impact (HR1.27 

[1.01-1-61]). 

figure 1. Five-year disease specific survival according to FIGO stage.
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Predictor
univariable Analysis multivariable Analysis

hr 95% ci hr 95% ci ß*

Age > 75 (years) 1.00 0.997 - 1.006 1.02 0.86-1.22 0.1171

cA125 1.44 1.27 - 1.64 Out

Albumin 0.90 0.81 - 1.01 Out

first surgery

PDS 0.48 0.40 - 0.58 0.55 0.43-0.69 0

IDS 1 1 0.5961

residual tumour

None 1 1 0

< 10 mm. 2.38 1.92 - 2.94 1.73 1.37-2.18 0.5230

> 10 mm. 2.76 2.21 - 3.46 2.4 1.85-3.12 0.8648

histology

Low Grade Serous 0.44 0.24 - 0.81 0.57 0.31-1.05 0

High Grade Serous 1 1 0.3752

Mucinous 0.54 0.34 – 0.84 1.6 0.98-2.61 0.7982

Endometrioid 0.33 0.23 – 0.48 0.7 0.47-1.04 0

Clear cell 0.55 0.35 – 0.88 1.46 0.90-2.39 0.7269

Undifferentiated 0.89 0.67 - 1.16 0.9 0.67-1.20 0.2606

fiGo stage

Stage I 0.12 0.07 - 0.21 0.19 0.10-0.37 0

Stage II 0.30 0.17 - 0.53 0.55 0.30-1.00 0.8542

Stage III 1 1 1.4680

Stage IV 1.28 1.03 - 1.60 1.23 0.96-1.56 1.6464

Who performance

WHO 0 1 1 0

WHO 1 1.62 1.33 - 1.97 1.24 0.98-1.56 0.1868

WHO 2 2.18 1.56 - 3.04 1.65 1.15-2.37 0.5005

WHO 3 4.98 2.30 – 10.79 2.44 1.09-5.45 0.8278

AsA score Out

ASA 1 0.89 0.72 - 1.09

ASA 2 1

ASA 3 1.29 0.98 - 1.71

Ascites

< 500 ml. 1 1 0

> 500 ml. 1.46 1.19 - 1.81 1.27 1.01-1.61 0.2162

brcA 1-2

No  1  1 0

Yes 0.45 0.28 - 0.71 0.47 0.29-0.77 -0.7277

scs Out

Low 1

Intermediate 0.98 0.79 - 1.21

High 1.25 0.77 - 2.02

Based on 10 imputed datasets with (n=840). *Regression coefficient of the model with the LASO method; 
HR = Hazard ratios; 95% CI = 95% confidence intervals; The baseline hazard at 12, 36 and 60 months are 
respectively 0.08164254; 0.4964721 and 0.9480841.

table 2. Univariable associations between candidate predictors and disease specific survival and multivariable 
Cox regression model for the prediction of survival. 
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Stability was studied over the 200 bootstrap samples. Type of surgery, amount of re-

sidual tumour and FIGO stage were selected in all 200 bootstrap samples. ASA, SCS, 

albumin and CA125 were selected in 52 (26%), 67 (33.5%), 68 (34%) and 120 (60%) 

of the cases, respectively, and therefore left out of the model.

The calibration was good as is visualised in figure 2. Furthermore the model had a good 

discriminative capacity; the c-statistic of the final model was 0.71 (95% CI 0.69 to 0.74). 

In addition, we divided the dataset in four groups based on the linear predictor and we 

plotted Kaplan Meier curves (figure 3). Group one had the lowest risk of dying and group 

four had the highest. The chance of being alive at the five year follow up was considerably 

higher for group one (75%) than for group four (10%). Although no stage I patients are 

in group four, 66 FIGO stage III and 6 FIGO stage IV patients are in group one. Unlike as 

predicted by there FIGO stage, these patients have a good prognosis.

The nomogram of the model with an illustrative example is presented in figure 4. This 

is a user-friendly presentation of the coefficients. It can be used to estimate survival in 

an individual patient. 

figure 2. Validation plot at 60 months. Calibration is visualised by the different lines. The grey line implicates 
an ideal calibration (X=Slope=1). The Black line corresponds to the mean observed fraction of deaths from 
EOC in this dataset. The blue line corresponds to the bootstrap corrected observed fraction of deaths from 
EOC. Distribution of predicted probabilities is shown at the top by the small bars. (For interpretation of the 
reference to colour in this figure legend, the reader is referred to the web version of this article)
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Discussion

In this study we developed a prognostic model to predict five-year survival in patients 

with primary EOC treated with primary debulking surgery or NACT-IDS. The model 

incorporates eight factors to be predictive of survival. The model showed an accurate 

calibration and it has a good ability to discriminate between those who will die from 

EOC within five years and those who will survive five years. Therefore, this model 

allows prediction of an individual’s survival and division of patients into low- or high-

risk groups to select them for treatment or follow-up protocols.

All predictors are readily available in current daily practise. Therefore the model will be 

easily applicable and the nomogram further improves clinical application of the model. 

Type of surgery, amount of residual tumour and FIGO stage, histology and WHO per-

formance status are the strongest predictors in our model. These findings are in line 

with the current literature, since these variables were described earlier as the most im-

portant predictive factors.[3;4;28] 

Several models for EOC patients have been developed.[10-13;29] To our knowledge 

this is the first prediction model for survival to include patients with EOC treated with 

both primary and interval debulking surgeries. Currently only two models incorpor-

ate all stage patients, however one was developed on patients from an era in which 

treatment regimens differed from the current standard.[29] The other study excluded 

patients with a mucinous tumour.[13] In our model patients with all histological types of 

figure 3. Kaplan-Meier curves of four groups based on the linear predictor. Group 1 had the lowest risk of 
dying and group 4 had the highest. The chance of being alive at the five year follow-up was considerably 
higher for group 1 (75%) than for group 4 (10%). Group one to four consisted respectively of 221, 220, 201 
and 208 patients.
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EOC treated with platinum and taxane based chemotherapy are included. The models 

developed by Chi et al, Teramukai et al. and Gerestein et al. included only advanced 

stage patients and were recently externally validated.[30] The first two systematically 

overestimated the 5-year overall survival probability in the validation cohort. However 

after recalibration because of lower 5-year overall survival probabilities in the validation 

cohort, the models showed nearly perfect calibration.

Another strong point of our model is sole incorporation of predictors identified in 

studies as being of prognostic significance.[26] Thus, we did not use our dataset to 

find possible predictors but only verified the possible predictive value of a variable. By 

doing so, we decreased the risk of including noise variables or introducing bias through 

selection. To adjust for possible overfitting, the regression coefficients of a predictive 

model need to be reduced. We used a LASSO method to correct for overfitting. The 

strength of this method is that the influence of weaker predictors is more reduced than 

the influence of stronger predictors.[26] This resulted in relatively more contribution of 

stronger predictors to the final model and less contribution of weaker predictors.

It is impossible to assess the clinical value of prediction models by comparing them 

with one another, since the true value of a model can only be appreciated by external 

validation and impact studies.[9;31] Therefore we aim to externally validate this model. 

We expect that our use of a study population from three gynaecologic oncologic centres 

to develop a prediction model will better reflect the overall population of women with 

EOC than a model developed on a single-centre population. Potential differences in 

baseline characteristics of patients from the different centres can be neglected because 

the predictors used in the model are baseline factors known to influence survival. No 

significant difference in overall survival was seen between the centres. 

One of the limitations of our study is the heterogeneity of treatment during follow 

up. When a patient experienced a recurrence there were different therapeutic options 

of which none has proven to be better in a randomised trial.[32;33] Therefore we do 

not expect this to influence the final model. Another potential limitation of our model 

is that not all patients reached 60 months of follow-up. However we have chosen to 

include these patients, because the individual follow-up data contributes to the model. 

A last limitation might be that our nomogram contains eight predictive factors. Imple-

mentation in daily practise could therefore be cumbersome and its appearance could be 

complicated at first sight. A concern of our model could be that the amount of residual 

tumour after debulking surgery is not an independent prognostic factor but rather re-

sembles tumour biology.[19] For a prediction model this issue does not matter because 

our goal is to accurately predict survival rather than prove a causal relationship between 

survival and residual tumour. Predicting survival is perfectly possible when residual tu-

mour functions as a surrogate predictor instead of an independent predictor.[9] 

Although other models used histologic type as a predictive marker, this is the first 

model to differentiate between high and low grade serous carcinomas. These tumours 

differ not only in pathogenesis [34], but also in response to chemotherapy and survival 

[35;36]. Therefore incorporation of these subgroups is required.
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In sum, we developed and internally validated a model predicting disease specific 

survival of patients with EOC who were treated with cytoreductive surgery and adjuvant 

platinum- and taxane based chemotherapy. With this model the individual disease-spe-

cific survival can be accurately predicted for patients treated with PDS or NACT-IDS. Our 

model provides the liberty to create risk groups as desired by the user. In addition it cal-

culates a risk on a continuous scale for a wider specified group of patients. The model 

was internally validated but needs external validation before it can be used in clinical 

practise. When our model performs well at external validation it will be a useful tool, as 

the ability to reliably predict outcomes may enhance patient-physician communication, 

shared decision-making, and clinical trial design.

figure 4. Nomogram to predict 1-year, 3-year and 5-year survivals for patients with epithelial ovarian cancer. 
Coefficients are based on the LASSO method.
Histology: I= Low Grade Serous; II= Endometrioid; III= Undifferentiated; IV= High Grade Serous; V= Clear cell 
and VI= Mucinous; for mixed histology histological subtype which represents the largest percentage should 
be used.

Example: 55 year old women with stage IIIC high grade serous ovarian cancer, WHO performance status 3 
and a negative family history for BRCA. She underwent an interval debulking surgery, there was no ascites 
present at surgery and at the end of surgery residual disease smaller than 1 cm in diameter was left. The 
nomogram predicts a one year chance of survival of 77% and a five year chance of survival of 5%.
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TH-BSO, total hysterectomy-bilateral salpingo-oophorectomy.
Aletti. Relationship among surgical complexity, short-term morbidity, and overall survival in primary surgery for 
advanced ovarian cancer. Am J Obstet Gynecol 2007.

supplementary table 1. Surgical complexity scoring system based upon complexity and number of surgical 
procedures performed

Procedure Points

TH-BSO 1

Omentectomy 1

Pelvic lymphadenectomy 1

Paraaortic lymphadenectomy 1

Pelvic peritoneum stripping 1

Abdominal peritoneum stripping 1

Rectosigmoidectomy_T-T anastomosis 3

Large bowel resection 2

Diaphragm stripping/resection 2

Splenectomy 2

Liver resection/s 2

Small bowel resection/s 1

Complexity score groups Points

1 (low) 3 or fewer

2 (intermediate) 4-7

3 (high) 8 or more
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AbstrAct

objective

Complete debulking surgery for epithelial ovarian cancer (EOC) is more often achieved 

with interval debulking surgery (IDS) following neo-adjuvant chemotherapy (NACT) 

than with primary debulking surgery (PDS). Randomized evidence, however, shows no 

long-term survival benefit for complete debulking at IDS. We evaluated the prognostic 

value of residual disease at IDS and PDS.

methods 

All patients treated with debulking surgery for primary EOC FIGO stage IIIC and IV in 

three Dutch referral gynaecological oncology centres between 1998 and 2010 were 

included in this observational cohort study. Patient- and treatment characteristics and 

follow-up data were collected from the gynaecologic cancer registry. Primary endpoint 

was disease-specific-survival. The prognostic value of residual disease after surgery was 

assessed using Cox-regression analyses for both treatment modalities separately.

results

During the inclusion period, 462 patients underwent NACT-IDS and 227 PDS. Macro-

scopic residual disease after debulking surgery was an independent prognostic factor 

for survival in both treatment modalities (PDS hazard ratio (HR) 2.0 (95% CI 1.1-3.8) 

and IDS HR 1.8 (95% CI 1.3-2.5)). Residual tumour less than one centimetre at IDS was 

associated with a survival benefit of five months compared to leaving residual tumour 

more than one centimetre (HR 0.6 (95% CI 0.4-0.8)), whereas this benefit was not seen 

after PDS (HR 0.9 (95% CI 0.6-1.3)).

conclusion

Leaving residual tumour at IDS is a poor prognostic sign as it is after PDS. The specific 

prognostic value of residual tumour seems to depend on the clinical setting, as minimal 

instead of gross residual tumour is associated with improved survival after IDS, but not 

after PDS. 
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introDuction

Advanced epithelial ovarian cancer (EOC) is the leading cause of gynaecologic cancer 

death. It is treated with a combination of cytoreductive surgery and chemotherapy. 

Despite advances in chemotherapeutic agents and more radical surgery, there has 

been little improvement in overall survival in the past decades.[1] A randomised trial 

showed similar survival rates between patients with advanced stage EOC treated with 

neo-adjuvant chemotherapy and interval debulking surgery (NACT-IDS) or primary 

debulking surgery (PDS) and adjuvant chemotherapy.[2] However, complete resection 

of all macroscopic tumour at debulking surgery showed to be the single most import-

ant independent prognostic factor in advanced ovarian carcinoma.[2-6,7] The primary 

objective of debulking surgery in ovarian cancer is complete removal of all visible 

disease.[3,8] As the result of surgery is a very important and modifiable prognostic 

factor, no macroscopic residual disease (NRD) should be pursued to obtain the best 

prognosis.[3], [8-11] Although this is more often achieved at IDS, it does not result 

in appreciably better overall survival. Thus, the prognostic value of tumour residual 

at debulking surgery appears different in patients who received NACT compared to 

PDS.[3,12,13] In this study we evaluated the prognostic significance of residual disease 

after primary debulking surgery and after interval debulking surgery.

methoDs 

Patients

Consecutive patients who underwent cytoreductive surgery at one of three oncolo-

gic centres in the North Western part of the Netherlands (Academic Medical Centre, 

Free University Medical Centre and Netherlands Cancer Institute) for primary epithelial 

ovarian, fallopian tube or peritoneal cancer (EOC) FIGO stage IIIC-IV between January 

1998 and August 2010 were identified from a prospective clinical cancer registry. 

All patients underwent surgery by gynaecologic oncologists. Patients referred from 

a non-oncologic centre after prior suboptimal surgery by a general gynaecologist were 

excluded. Staging of disease was done according to FIGO (2006) criteria for ovarian car-

cinoma. Every operative cytoreductive procedure was performed with the aim to leave 

NRD. PDS was performed if in the opinion of the multidisciplinary team, consisting of 

gynaecologic oncologists, medical oncologists and a dedicated radiologist, debulking 

surgery of all visible tumour to less than one centimetre in diameter was possible. Pa-

tients with more extensive disease and those unable to undergo surgery started neo-ad-

juvant chemotherapy. Patients who underwent exploratory laparotomy for diagnostic 

biopsy or oophorectomy without debulking were analysed in the IDS group. Results of 

surgery were qualified as no residual disease (NRD), minimal residual disease (MRD; 

deposits of residual tumour <1 cm), or gross residual disease (GRD; deposits of residual 

tumour >1 cm). 
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Standard procedures at PDS as well as at IDS included midline laparotomy, hysterec-

tomy, bilateral salpingo-oöphorectomy, infragastric omentectomy and removal of all 

macroscopic tumour if possible. Surgery was classified as extensive if additional inter-

ventions such as diaphragmatic and peritoneal stripping, (partial) liver resection, splen-

ectomy, bowel resection, or pelvic- and para-aortic lymphadenectomy were performed 

to achieve at least MRD. This was performed when it was thought to aid in cytore-

ductive outcome to at least MRD. Patient data were abstracted from the clinical cancer 

registry. Information included demographic data, laboratory results, surgical findings, 

interventions at surgery and results, pathology, treatment, and follow–up data.

Analysis

Treatment characteristics were compared using chi-square and student’s-t test or 

Mann-Whitney U test when appropriate. Progression free survival and disease specific 

survival were calculated from the date of first surgery, or start of chemotherapy in case 

of NACT, to the documented date of progression, respectively death or last follow-up, 

whichever occurred first. Impact of surgery result on survival was assessed by construct-

ing Kaplan-Meier curves with a log-rank test. Cox-regression analyses were performed 

to assess the influence of residual disease in combination with other prognostic factors 

on survival. All reported significance was 2-tailed at a level of 0.05. Statistical analysis 

was performed using SPSS statistical software, version 20.

results

In the study period 689 patients were surgically treated for primary EOC FIGO stage 

IIIC or IV. The characteristics of the patients are shown in table 1. Mean age of all 

patients was 62 years. The majority of patients had FIGO stage IIIC disease (79%), 

serous histology (73%) and grade 3 tumour (54%). Median follow-up was 62 months 

(range 0.9-165 months). In total, 462 patients were treated with NACT and IDS. The 

remaining 227 patients were treated with primary debulking surgery. Within the 

group of patients treated with NACT-IDS, 134 (29%) underwent an explorative lap-

arotomy or laparoscopy before start of chemotherapy to assess the operability and to 

obtain histology for diagnosis, but without debulking surgery. 

There were 41 (18%) patients in de PDS group who underwent IDS after 2-3 courses 

of chemotherapy because of GRD after PDS. No difference in survival was observed 

between patients with GRD after PDS who subsequently had IDS compared to those 

who did not. Therefore patients who underwent PDS as well as IDS were analysed in the 

PDS group. Median disease specific survival of the total population was 35 months. Of 

all patients, 254 (37%) had extensive surgery. This percentage did not differ between 

patients treated with PDS or IDS. NRD was achieved at debulking surgery in 36% and 

46% of patients in the PDS and IDS group respectively (table 2). At IDS this was more 

often achieved without extensive surgery.
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table 1. Baseline characteristics

all patients
(n = 689)

PDs
(n=227)

iDs
(n=462)

Age; mean (sD) 61.5 (10.7) 59.4 (31-86) 62.5 (29-83)

Who performance status – no. (%)

0 310 (45.0) 122 (53.7) 188 (40.7)

1 218 (31.6) 63 (27.7) 155 (33.5)

2 53 (7.7) 13 (5.6) 40 (8.7)

3 9 (1.3) 2 (0.1) 7 (1.5)

Missing 99 (14.4) 27 (11.9) 72 (15.6)

AsA – score – no. (%)

1 198 (28.7) 62 (27.4) 136 (29.4)

2 370 (53.7) 119 (52.4) 251 (54.2)

3 88 (12.8) 35 (15.4) 53 (11.5)

Missing 33 (4.9) 11 (4.8) 23 (4.9)

fiGo stage – no. (%)

IIIC 543 (78.8) 209 (92.1) 334 (72.3)

IV 146 (21.2) 18 (7.9) 128 (27.7)

histologic type – no. (%)

Serous 502 (72.9) 156 (68.7) 346 (74.8)

Mucinous 24 (3.5) 12 (5.3) 12 (2.6)

Endometrioid 47 (6.8) 29 (12.8) 18 (3.9)

clear cell 20 (2.9) 11 (4.8) 9 (2.0)

Undifferentiated 86 (12.5) 12 (5.3) 74 (16.1)

mixed/other 10 (1.5) 7 (3.0) 3 (0.6)

histologic grade – no. (%)

well differentiated 32 (4.6) 15 (6.6) 17 (3.7)

moderately differentiated 103 (14.9) 47 (20.7) 56 (12.1)

poorly differentiated 373 (54.1) 141 (62.1) 232 (50.2)

Missing 181 (26.3) 24 (10.6) 157 (34.0)

cA 125 before treatment; median (range) 908.0 (12-67448) 807.5 (12-67448) 1041 (15-42077)

Ascites at surgery (ml); median (range) 500 (0-70000) 200 (0-12000) 500 (0-70000)

cycles of chemotherapy 6 (0-13) 6 (0-9) 6 (0-13)

type of chemotherapy

carboplatin/paclitaxel 641 (93) 197(87) 444 (96)

multidrug without platinum 10 (1.5) 3 (1) 7 (2)

single drug platinum 27 (3.9) 17 (8) 10 (2)

no chemotherapy received 8 (1.2) 8 (4) 0 (0.0)

missing 3 (0.4) 2 (1) 1 (0)
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Chemotherapy mostly was administered as a carboplatin/paclitaxel combination, al-

though single agent carboplatin and other combinations were sometimes administered 

(table 1). In both treatment groups patients received a median of six cycles of chemo-

therapy (range 0-13). Before IDS patients received 3 (range 1-10) cycles of chemotherapy. 

Prognostic factors for survival after PDs

Median follow-up for patients treated with PDS was 74 months (range 1-152). Mor-

tality within 30 days after surgery was less than one percent. Progression within six 

months after the last cycle of chemotherapy was seen in 32% of patients treated with 

PDS (table 3). Median progression-free survival (PFS) was 17 months and median dis-

ease-specific survival (DSS) 40 months (figure 1A).

table 2. Treatment results according to treatment group. Values given are numbers (%). 

PDs patients (n=227) iDs patients (n=462)

residual disease

no macroscopic tumour 81 (36) 213 (46)

minimal residual (< 1 cm) 67 (30) 187 (41)

gross residual (> 1cm) 79 (35) 60 (13)

missing 0 (0) 2 (0)

extensive surgery 85 (39) 169 (38)

missing 9 (4) 19 (4)

table 3. Survival outcome according to timing of surgical treatment. 

PDs patients (n=227) iDs patients (n=462)

mortality < 30 days after surgery (%) 2 (1) 2 (0)

Dss in months 

NRD 59.2 (7) 43.6 (3)

MRD 36.7 (3) 26.7 (3)

GRD 35.6 (4) 21.5 (2)

Pfs in months

NRD 23.7 (4) 17.4 (1)

MRD 16.7 (2) 11.9 (1)

GRD 12.5 (1) 9.0 (1)

Progression within 6 months after last cycle of 
chemotherapy

68 (32) 182 (40)

Values given are numbers (%) or months (SE) for DSS and PFS. 
DSS disease specific survival; PFS progression free survival; NRD no residual disease; MRD minimal residual 
disease (deposits of residual tumour <1cm ); GRD gross residual disease (deposits of residual tumour >1 cm)



85 Prognostic value of residual disease after debulking surgery

5.

Completeness of surgery was an important prognostic factor. DSS with NRD was 57 

months compared with 36 months after both MRD and GRD (HR MRD vs. NRD 1.5 

(95% CI 1.0-2.2); HR GRD vs. NRD 1.6 (95% CI 1.1-2.4). MRD did not result in pro-

longed survival compared to GRD. The adjusted HR for MRD vs. GRD was HR 0.9 (95% 

CI 0.6-1.3). In multivariable analysis residual disease was an independent prognostic 

factor. The corresponding HRs were 2.0 (95% CI 1.1-3.8); 1.8 (95% CI 1.1-3.2). Other 

independent predictors for DSS were performance status (HR 2.0 (95% CI 1.3-3.1)) and 

mucinous or clear cell histology vs. other (HR 2.9 95% CI 1.4-6.2 and 2.7; 95% CI 1.3-

5.6 respectively). Extensive surgery did not result in prolonged survival (HR 0.8 (95% 

CI 0.6-1.3)). The results of the univariable and multivariable analysis are presented in 

table 4a.

Prognostic factors for survival after iDs

Median follow-up for patients with IDS was 55 months (range 3-165). Mortality within 

30 days after surgery was less than one percent. Progression within six months after the 

last cycle of chemotherapy was seen in 40% of patients after IDS (table 3). Median pro-

gression-free survival (PFS) was 14 months and median disease-specific survival (DSS) 

33 months (figure 1B).

table 4a. Prognostic factors for disease specific survival after primary debulking surgery

univariable analysis multivariable analysis

 hr 95% ci p-value hr 95% ci p-value

Age (years) 1.00 0.99-1.02 0.55 1.01 0.99-1.03 0.47

fiGo stage iV 1.46 0.82-2.58 0.20 1.06 0.45-2.47 0.90

Who performance ≥ 1 2.02 1.44-2.85 <0.001 2.01 1.32-3.07 <0.001

AsA ≥ 2 1.10 0.78-1.56 0.59 0.80 0.38-0.80 0.38

histology

HGS and undifferentiated 1 1

Low grade serous 0.39 0.10-1.58 0.19 0.19 0.03-1.45 0.11

Mucinous 1.93 1.04-3.60 0.04 2.93 1.38-6.20 0.01

Endometroid 0.83 0.50-1.36 0.46 0.81 0.41-1.62 0.56

Clear cell 1.81 0.95-3.48 0.07 2.69 1.29-5.62 0.01

cA 125 before treatment 1.07 0.98-1.18 0.15 0.97 0.84-1.11 0.63

intraoperative ascites > 500 
ml

1.35 0.97-1.06 0.08
0.89 0.56-1.41 0.61

extensive surgery 0.85 0.61-1.18 0.34 0.84 0.55-1.27 0.41

residual disease

NRD 1 1

MRD 1.48 0.99-2.21 0.05 2.04 1.11-3.76 0.02

GRD 1.64 1.13-2.39 0.01 1.84 1.05-3.21 0.03

HR = hazard ratio, CI = confidence interval, HGS high grade serous, NRD no residual disease, 
MRD minimal residual disease (deposits of residual tumour <1 cm), GRD gross residual disease (deposits of 
residual tumour >1 cm)
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Completeness of surgery was the most important prognostic factor. DSS with NRD was 

44 months compared with 27 months with MRD and 22 months with GRD (HR MRD 

vs. NRD 1.9 (95% CI 1.5-2.4); HR GRD vs. NRD 3.4 (95% CI 2.5-4.7). The results of the 

univariable and multivariable analysis are presented in table 4b. In multivariable ana-

lyses residual disease was the only independent prognostic factor. The corresponding 

HRs were 1.8 (95% CI 1.3-2.5) and 3.1 (95% CI 2.0-4.8). The adjusted HR for MRD vs. 

GRD was 0.6 (95% CI 0.4-0.8). Although at univariable analysis large volume ascites 

predicted worse prognosis, it was not an independent predictor. Extensive surgery at 

interval debulking surgery did not result in better survival (HR 1.1 (95% CI 0.9-1.4))

table 4b. Prognostic factors for disease specific survival after interval debulking surgery

HR = hazard ratio, CI = confidence interval, HGS high grade serous, NRD no residual disease, 
MRD minimal residual disease (deposits of residual tumour <1 cm), GRD gross residual disease (deposits of residual 
tumour >1 cm)

univariable analysis multivariable analysis

 hr 95% ci p-value hr 95% ci p- value

Age (years) 1.01 1.00-1.02 0.03 1.02 0.99-1.03 0.06

fiGo stage iV 1.09 0.85-1.38 0.51 1.17 0.80-1.71 0.41

Who performance ≥ 1 1.32 1.03-1.68 0.03 0.96 0.70-1.32 0.80

AsA ≥ 2 1.19 0.93-1.53 0.16 1.06 0.75-1.49 0.75

histology

HGS and undifferentiated 1 1

Low grade serous 0.66 0.29-1.49 0.32 0.34 0.11-1.08 0.08

Mucinous 1.49 0.74-3.03 0.27 2.05 0.74-5.73 0.17

Endometroid 0.77 0.41-1.46 0.43 1.24 0.64-2.40 0.53

Clear cell 1.08 0.51-2.31 0.83 1,48 0.60-3.71 0.40

cA 125 before treatment 0.94 0.84-1.05 0.25

intraoperative ascites > 500 ml 1.68 1.26-2.24 <0.001 1.41 0.93-2.15 0.10

extensive surgery 0.92 0.73-1.16 0.49 1.09 0.86-1.37 0.08

residual disease <0.001

No residual disease 1 1

Residual disease < 1 cm 1.87 1.47-2.39 <0.001 1.79 1.26-2.53 <0.001

Residual disease > 1 cm 3.42 2.48-4.72 <0.001 3.11 2.01-4.81 <0.001

Discussion
To our knowledge this is the largest cohort analysing prognostic factors in patients 

treated with NACT-IDS for EOC outside the realm of a clinical trial. Absence of resid-

ual disease after debulking surgery was confirmed to be a strong prognostic marker 

for disease specific survival after IDS as well as after PDS. Yet, the prognostic value of 

residual disease depends on the clinical setting. Patients selected for PDS left without 
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figure 1. Disease specific survival according to surgery result for A. primary debulking surgery (PDS) and B. 
Interval debulking surgery (IDS)

residual disease after debulking surgery have the longest survival. Even so, NRD at IDS 

results in longer survival than leaving any residual disease. Furthermore, achievement 

of minimal rather than gross residual disease at IDS results in significantly prolonged 

survival, whereas this effect was not confirmed for PDS.

In accordance with other studies, NRD was achieved more often in the IDS group than 

A

b
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in the PDS group, although this did not confer a survival benefit.[13,14] A likely explan-

ation for this discrepancy in our cohort study is the selection of patients for NACT-IDS 

based on tumour load and comorbidity. Another possible explanation is the induction 

of fibrosis with NACT, which might masquerade tumour deposits, and thus lead to an 

overestimation of the completeness of surgery.[15-17] This hypothesis is supported by 

the findings of Hynninen et al.[12], who recently reported a lower sensitivity for identi-

fying malignant sites after NACT than at primary debulking surgery.[10] Finally, the de-

velopment of platinum resistance during NACT has been suggested, by exposing larger 

tumour volumes to chemotherapy.[18,19]

Chang et al.[20] previously stated that radical surgery leads to better overall survival 

when patients are treated with PDS. We could not confirm this in our PDS group, which 

could be due to the size of our population. Yet, patients with extensive disease dia-

gnosed on computed tomography imaging or at diagnostic surgery were not randomly 

selected for NACT and no effort to perform extensive primary surgery was made in this 

group, resulting in selection bias. 

The long and near-complete follow-up with known cause of death for all deceased 

patients is a strength of this study. However, patients were not followed from first date 

of visiting the Outpatient Department, but from start of treatment, respectively first 

surgery, either diagnostic or therapeutic, or start of NACT. We have chosen this mo-

ment of start of follow-up because a number of patients were referred to our centres 

for treatment and their first date of contact in hospitals elsewhere was not known. Yet, 

since moment of start of the treatment strategies was calculated in the same way, it is 

unlikely that bias is introduced within the treatment groups regarding survival. 

As in any observational study, formal comparison of outcome between treatment 

groups is hampered by confounding by indication and therefore invalid. PDS was per-

formed if in the opinion of the multidisciplinary team, debulking surgery of all visible 

tumour to less than one centimetre in diameter was possible. Patients with more extens-

ive disease and patients unfit to undergo surgery started neo-adjuvant chemotherapy. 

Therefore, in our series, patients receiving NACT had more extensive disease and gen-

erally worse performance status. The value of prognostic markers such as the degree 

of residual disease after surgery, however, can be compared. We showed that patients 

who have no residual disease after NACT-IDS or PDS and adjuvant chemotherapy have 

the best prognosis. This is consistent with published studies. Moreover, if at PDS it is 

not feasible to achieve NRD there is a higher chance to obtain this at IDS, and this will 

improve prognosis.[2,13,21] 

If at IDS NRD cannot be achieved, all possible effort, including extensive surgery, 

should be performed to achieve at least residual disease of less than one centimetre. 

Current diagnostic work-up is not adequate and new diagnostic tools are needed to 

optimize selection of patients for primary surgery or NACT. [22] Laparoscopy is currently 

studied in a randomised trial of patient selection.[7] 

In conclusion, NRD should be the goal of all cytoreductive surgery in ovarian cancer. 

Therefore selection of patients for treatment is of utmost importance.
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AbstrAct

objective

Maximal cytoreduction to no residual disease is an important predictor of pro-

gnosis in patients with advanced stage epithelial ovarian cancer. Preoperative predic-

tion of outcome of surgery should guide treatment decisions, for example, primary 

debulking or neoadjuvant chemotherapy followed by interval debulking surgery. 

The objective of this study was to systematically review studies evaluating com-

puted tomography imaging based models predicting the amount of residual tumour 

after cytoreductive surgery for advanced stage epithelial ovarian cancer.  

methods 

We systematically searched the literature for studies investigating multivariable mod-

els that predicted the amount of residual disease after cytoreductive surgery in ad-

vanced stage epithelial ovarian cancer using computed tomography imaging. Detec-

ted studies were scored for quality and classified as model derivation or validation 

studies. We summarized their performance in terms of discrimination when possible. 

results 

We identified 11 studies that described 13 models. The 4 models that were extern-

ally validated all had a poor discriminative capacity (sensitivity 15-79%; specificity 

32-64%). The only internal validated model had an area under the receiver operat-

ing characteristics curve of 0.67. Peritoneal thickening, mesenterial and diaphragm 

disease, and ascites were most often used as predictors in the final models. We 

did not find studies that assessed the impact of prediction model on outcomes.  

conclusions

Currently, there are no external validated studies with a good predictive performance 

for residual disease. Studies of better quality are needed, especially studies that focus 

on predicting any residual disease after surgery.
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6.

introDuction 

Worldwide, approximately 200.000 women are diagnosed with ovarian cancer annu-

ally. The majority of patients have advanced stage disease with extensive peritoneal 

metastases and 140.000 patients die of this disease each year. Five year survival rates 

for stage III and IV is approximately 35%.[1] At present, standard treatment of ad-

vanced ovarian cancer consists of cytoreductive surgery followed by chemotherapy. 

However, if primary cytoreduction seems impossible because of extensive disease or 

poor condition, patients are treated with neoadjuvant chemotherapy (NACT) followed 

by interval debulking surgery and adjuvant chemotherapy. 

One of the most important predictors for survival of advanced stage ovarian cancer 

is residual tumour after surgical cytoreduction. Survival rate decreases with increasing 

diameter of the largest residual tumour deposition after surgery.[2-5] Best overall 

survival rates and progression free survival are achieved when no residual disease 

is left.[4] In a randomised trial, Vergote et al.[5] showed survival of advanced stage 

ovarian cancer to be comparable, either when treated with primary debulking surgery 

or with interval debulking surgery. Yet, patients with abdominal metastases of less 

than 5 cm in diameter had a better survival when treated with primary cytoreductive 

surgery in this study.[5] A post hoc analyses of this trial showed a survival advantage 

after primary surgery in stage IIIC patients with metastatic disease smaller than 4 

centimeter.6 Pre-treatment stratification is of utmost importance to attain the best 

survival for each individual patient.

Several investigators have tried to identify predictors for surgical outcome. [7] Spe-

cific findings at computed tomography (CT) imaging are associated with residual tu-

mour at cytoreductive surgery.[8-12] However there is controversy about the pre-

dictive capacity of these factors separately.[10,13] Therefore investigators have tried 

to predict successful surgical outcome with models combining CT variables, with or 

without clinical parameters. Accurate prediction could help to triage which patients 

should be primarily cytoreduced and which patients should receive NACT first. 

To implement prediction models in the clinical setting, careful evaluation of these 

models should be done, because low performance of the model might lead to inac-

curate treatment. Although models exist for predicting outcome of surgery for ad-

vanced ovarian cancer, there is no overview of these models, their quality and which 

predictors are used. 

The objective of this study was to systematically review models predicting outcome 

of cytoreductive surgery in FIGO stage III and IV ovarian cancer patients using CT 

imaging variables. Furthermore, we assessed quality of these models and their per-

formance and aimed to identify promising variables that are frequently significant in 

multivariable models in order to provide recommendations for future research.
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methoDs 

study identification and selection

We searched the Cochrane library, MEDLINE and Embase from inception until March 

2014 to identify all studies on prediction models including CT variables to predict 

amount of residual disease after cytoreductive surgery for ovarian cancer FIGO stage III 

and IV. The medical subject headings and text words synonyms for the terms ‘ovarian 

neoplasm’ and ‘CT scan’ were used and a filter for prediction was applied.[14] The 

search strategy can be found in Appendix 1. References cited in the selected articles 

were checked for further relevant prediction models not identified by the electronic 

searches. Two reviewers (MR and RV) independently evaluated potentially eligible stud-

ies. First, all titles and abstracts were screened, and studies were discarded if they were 

not eligible. If articles were selected on title or abstract, or when there was doubt after 

reading title and abstract, the full article was obtained. In case of disagreement studies 

were included after consensus was reached. 

We included studies on multivariable models including CT variables predicting the 

amount of residual disease after cytoreductive surgery in patients with FIGO stage III 

or IV ovarian cancer. A prediction model was defined as a multivariable model that ex-

presses the chance of a certain amount of residual disease after surgery as a function 

of at least two predictor variables. The outcome of the model, for example, cutoff of 

amount of residual disease was abstracted from the studies. Studies reporting on all-

stage ovarian cancer patients were only included when the patients with stage III or 

IV ovarian cancer could be analysed separately for clinical usefulness. Included studies 

were cohort studies in which patients received a CT scan and a laparotomy. Studies 

predicting the amount of residual disease after cytoreductive surgery without the use 

of a multivariable model or prediction models not including CT features were excluded. 

Studies in non-Arabic text were excluded.

All predictor variables that were investigated in each included study were abstracted, 

together with their significance, to identify the most important predictor variables. Pre-

dictors were considered as important when they were at least two times tested signific-

ant and used in two models.

study quality assessment

For each included study we abstracted the study characteristics and assessed the study 

quality. A framework for quality assessment was developed based on the recommend-

ations of Hayden et al.[15] and Bouwmeester et al.[17] and on a quality assessment 

framework used in a study to predict the chance of endometrial carcinoma.[16] The 

quality assessment was subdivided in four categories, study participation, predictor vari-

ables, outcome measurement and analysis. Each item was scored with yes, no or un-

clear. Two reviewers conducted the quality assessment independently from each other 

and discrepancies were discussed until consensus was reached. The framework of qual-

ity assessment is presented in Appendix 2.
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6.

model development assessment

All prediction models identified in this review were classified into the different phases of 

model development. The development of a prediction model consists of three phases: 

model derivation, model validation and impact analysis.[18] In the first phase, model 

derivation, predictor variables are identified by logistic regression analysis. Model valid-

ation can be done by internal or external validation, which is an important step to prove 

the credibility and applicability to the whole population of the prediction model.[19] 

The model should be validated to prove general applicability in daily practise. Internal 

validation tests performance in the same setting as development of the model, external 

validation tests the model in a new study population and proves general applicability 

of the model. The final phase of model development is impact analyses, to establish 

whether the prediction model improves clinicians’ decisions by evaluating the effect on 

patient outcome. 

model performance assessment

Performance of the prediction models (calibration, discrimination and clinical useful-

ness) was recorded. Calibration refers to the agreement between observed probabilities 

for groups of patients and is usually reported as a calibration plot or Hosmer-Lemeshow 

statistic.[19] Discrimination is commonly reported as the c-statistic, also shown by the 

area under the receiver-operating characteristic curve (AUC). The AUC assesses the abil-

ity of the prediction model to separate patients who have residual disease after surgery 

from those who do not. An AUC of 0.5 describes a non-informative test, whereas an 

AUC of 1.0 represents a test that discriminates perfectly between presence and absence 

of residual disease. Clinical usefulness measures show how close a prediction for an 

individual patient is to the actual outcome. This is mostly reported as sensitivity, spe-

cificity, positive (PPV) and negative (NPV) predictive value, and accuracy. Sensitivity was 

defined as the number of correctly predicted cases with a defined amount of residual 

disease above the cutoff as described in the study (true positives) divided by the total 

number of patients with this amount of residual disease. Specificity was defined as the 

number of correctly predicted cases without residual disease or residual disease below 

the cut-off (true negatives) divided by the total number of patients without residual dis-

ease. Positive predictive value corresponded to the number of true positives divided by 

the total number of patients predicted to have residual disease, and negative predictive 

value corresponded to the number of true negatives divided by the total number of pa-

tients predicted to have no residual disease. Accuracy was calculated as the sum of the 

true positives and true negatives divided by the total number of patients in the study. 
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Records identified through Embase 
database search 

(n = 964) 

Records after duplicates removed  
(n = 1029) 

Records screened 
(n = 1029)  

Records excluded on title 
(n =972) 

Full-text articles assessed 
for eligibility  

(n = 24) 

Full-text articles excluded, 
with reasons 

(n = 13) 
 

- no prediction model (6) 
- descriptive article (3) 
- non-arabic language (1) 
- separate analyses of 
advanced stage patients 
impossible (3) 

Studies included in 
review  
(n = 11) 

Records excluded on 
abstract 
(n =33) 

results 

Our search identified 1029 articles. No additional articles were identified by scan-

ning the reference lists of the included articles. Eleven studies met the inclusion cri-

teria (Figure 1). Some studies derived several models, resulting in a total of 13 mod-

els retrieved. The characteristics of the included studies are summarised in table 1.  

Ten of the 11 studies predicted leaving residual disease of one centimetre or more 

after surgery, whereas the study of Jung et al.[20] assessed prediction of any residual 

disease. In four studies, CT imaging was not a part of standard diagnostic work-up. 

These four studies did not report the reason of performing CT pre-operatively.[8,9, 

21, 22] Furthermore, Stashwick et al.[7] did not report on the use of oral and intra-

venous contrast prior to all scanning procedures. Axtell et al.[10] included all patients 

with prior CT imaging including also CT scans without use of intravenous contrast. 

The other studies included only cases in the analyses with CT imaging using oral and 

intravenous contrast (table 1). Within the studies different types of scanners were 

used, eight studies report slide thickness varying from 2.5 till 10mm. Eight of the 

eleven studies included only patients with stage III/ IV ovarian cancer. Three studies 

included patients with all stages of ovarian cancer, but for these studies the patients 

with advanced stage disease could be analysed separately for clinical usefulness.

figure 1. Flow chart showing search of systematic review leading to 11 included articles.
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Figure 2. 
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1. Study participation

Description of setting and study patients

Description of inclusion and exclusion criteria

Consecutive patient selection

Number of patients reported

Rate of patients with unresectable disease reported

Clear description of patients characteristics

2. Predictor variables

Clear definition of all predictor variables evaluated

Description of proportion of participants with
complete/missing data

3. Outcome measurement

Clear definition of outcome

Debulking surgery performed in all patients

4. Analysis

Description of all evaluation measures

Description of model building strategy

Yes

No

Unclear

Number of included patients ranged from 28 to 195. Median age ranged from 54 to 68 

years. Surgery was performed by a gynaecologic oncologist in all included studies. Re-

sidual disease of more than one centimetre after surgery ranged from 7.8% to 55.9%.  

The 11 included studies considered in total 34 risk factors, including 24 different CT 

prediction variables and 8 clinical parameters (table 2). All but four studies analysed 

the specific significance of all CT predictors before including them in the prediction 

model.

Predictors most frequently included in final prediction models were diffuse peritoneal 

thickening, mesenterial disease, suprarenal lymph nodes, ascites and disease on the 

diaphragm or liver. The most investigated non-CT predictor is serum CA-125 level. This 

predictor was used in two models and found significant in three studies. Furthermore 

World Health Organization (WHO) performance status is most often used as clinical 

predictor in a model. The full list of CT predictor variables, clinical predictors and serum 

levels and their significance are shown in table 2.

study quality

An overview of the quality assessment is shown in Figure 2. Patient selection was con-

secutive in 4 studies. In the other 7 studies it remained unclear if patient selection was 

done consecutively. Two studies were prospective, whereas the other 9 studies had a 

retrospective design.[23, 24] Description of the variables and outcome was well per-

formed. Analysis was of low quality in three studies; in these studies no clear description 

of model building strategy was given. Overall, the study quality was adequate according 

to our quality assessment (figure 2). 

figure 2. Quality of the 11 included studies, scored by 12 quality measures.
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6.

Phases of model development

We did not find any studies that assessed impact on patient outcome or clinical decision 

making. Among the 11 selected studies, 10 were model derivation studies. The model 

of Axtell et al.[10] reached the phase of external validation and the model of Gerestein 

et al.[24] accomplished internal validation. Gemer et al.[12] performed a model valida-

tion study, as they externally validated the models of Nelson et al.[21], Dowdy et al.[11] 

and Bristow et al.[8] Only four studies described the development of a model including 

a prediction, all other studies described multivariable analysis.

Performance of prediction models

The clinical usefulness of all included predictors, expressed in sensitivity, specificity, pos-

itive PPV, NPV, accuracy and the AUC are presented in table 3. The values ranged widely 

between studies. Sensitivity of the models ranged from 19.2% to 100%, specificity 

from 56.7 % to 100%, whereas PPV and NPV ranged from, respectively 46% to 100%, 

and 43.3% to 100%. Accuracy ranged from 49.4% to 96% and the AUC differed 

between 0.64 to 0.97. Only Gerestein et al.[24] mentioned odds ratios of the different 

predictors used in the final model. Axtell et al.[10] showed a decreasing sensitivity, spe-

cificity and accuracy after external validation. At external validation sensitivity and spe-

cificity of the models validated by Gemer et al.[12] decreased markedly in comparison to 

the clinical performance in the development cohort. All articles reported performance 

status in terms of clinical usefulness, whereas discrimination was reported in 6 studies 

by the area under the AUC, showing good discrimination in 4 studies (AUC of > 0.81). 

Calibration was not mentioned in any of the studies. Some of the values were not given 

in the articles but could be calculated from the values given in the study description, 

shown in table 3. 



100 Chapter 6 Systematic review of prediction models for surgery outcome in ovarian cancer

 n
elso

n
 et al. 1993

 m
eyer et al. 1995

 b
risto

w
 et al 2000

 D
o

w
d

y et al. 2004

 A
xtell et al. 2007

 ferran
d

in
a et al. 2009

 K
eeb

ap
ci et al. 2009

 Ju
n

g
 et al. 2010

 stash
w

ick et al. 2011

 G
erestein

 et al. 2011

times 
Parameter 
used in 
Prediction 
model 

ct criteria

Diffuse peritoneal thickening - - A A,B C A,B A,B A A,B A,B 7

Disease in mesentery A A A C A
A, 
B

A,B C A,B - 7

- small bowel mesentery - A A C C - - - - - 2

- large bowel mesentery - - A C A,B - - - - C 2

Suprarenal lymph nodes A A A C C A,B A,B C A,B - 6

Tumor implants on diaphragm A A A B A,B A,B A,C A C B 7

Tumor implants on liver A A A C C B A,C C C - 4

Ascites - A A A,B C B - A,B C A,B 5

Omental extension to spleen or 
stomach

A - A B C A,B A,C - - - 4

Tumor implants on porta hepatis - - A C C - A,C C C - 2

Invasion pelvic side wall - - A C - C A,C - - - 2

Tumor implants on peritoneum - - A C C C A,C A - - 3

Pulmonary or pleural nodules A - - - - - A,C - - - 2

Infrarenal lymph nodes - - A C C B - - C - 1

Disease in gallbladder A - - C - - - - - - 1

 Omental caking - A - C C - - - C - 1

Bowel encasement with tumor - - - B - - A,B - - - 1

Tumor implants on spleen - - - - - - A,B - A - 1

Pleural effusion - - - - C - - - B - 0

Hydroureter - - - C - C - - - - 0

Tumor implants on rectum/sigmoid - - - - - - - - C - 0

Extraperitoneal disease - - - - - - - C - - 0

clinical criteria

Performance status - - A - C A - - - C 2

age - C C - C C - - C - 1

BMI - - - - - - - - C - 0

Co morbidities - - - - - - - - C - 0

Smoking - - - - - - - - C - 0

serumlevels

CA125 C C C C C C - B A C 1

Blood platelet count - - - - - - - - C A 1

Albumin - - - - - - - - A C 1

total of Prediction Variables in 
model

7 6 14 2 2 6 11 3 7 3

table 2. Prediction markers investigated in the 10 studies developing a prediction model.  

A: predictor used in model; B: predictor found significant C: predictor found not-significant
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Discussion

This systematic review provides an overview of existing models and their performance 

to predict residual disease after cytoreductive surgery for advanced ovarian cancer. 

Most models showed promising results at derivation. However, only four models were 

externally validated and none of these were found to have good performance.[10,12] 

None of the models reached the phase of impact analysis. The most used CT pre-

dictors in prediction models are diffuse peritoneal thickening, mesenterial disease, 

disease on the diaphragm, ascites and omental disease. Although most models invest-

igated also clinical predictors only four studies included one of these in their model. 

To our knowledge this is the first study that systematically reviews the literature on 

prediction models including computed tomography imaging variables for outcome of 

cytoreductive surgery for advanced stage epithelial ovarian cancer. Because of the use 

of a sensitive and specific filter for identification of prediction models and searching 

all existing databases we have an optimal search result. Furthermore, we analysed the 

quality of the studies with a framework for quality assessment. This ensured a system-

atic quality check of all included studies.

However, we encountered some limitations. Until now, no methods have 

been developed to analyse associations of predictors in multivariable predic-

tion,[25] yet another comprehending factor was that only one study presen-

ted odds ratios of the included predictors in the model. Therefore, we could not 

perform meta-analysis on the predictors of the different models in order to stat-

istically find the strongest predictors. Furthermore, our evaluation was com-

plicated because none of the studies presented data on calibration. Calibration 

is the most informative way of summarizing the performance of a model.[26] 

There is a risk of inclusion bias in the nine retrospective studies. Patients who were not 

operated were not included in the studies, resulting in a selected group of patients. 

This might cause different performance and selection of predictors in an unselected 

group.[27] Even so, reason of performing CT imaging was not equal between all stud-

ies which could result in selection bias. 

The low number of included patients as well as the diversity in definition and rates 

of residual disease ranging from 22% up to 61% could cause overfitting of the mod-

els. The ratio predictive value to adverse event should be at least ten events for one 

predictor.[28] This was not taken into account in seven studies included in this review, 

decreasing the credibility of these models. The variety in rates of unresectable disease 

could be due to difference in surgery performance level or patients characteristics. 

With such a broad range it is hard to compare the research outcomes. Even so, a 

model is only of additive value if it predicts the outcome more accurately compared to 

the assessment of the clinician.[29]

The studies identified in this review all describe result of primary debulking surgery. No 

predictions rules or models were identified from the search that predicted surgical out-

come of surgery after NACT. There is a study by Bland et al.[30] investigating CT predictors 
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for residual disease in patients treated with NACT. However the final algorithms did not 

include the investigated CT features, therefore this study was not included in this review. 

Future research should focus on developing a model with predictors found to be valu-

able in current literature and standardization of surgical procedures. Yet, nowadays, 

outcome of surgery is aimed at no residual disease; therefore, outcome of the model 

should be any residual disease. New models should be developed using sound statist-

ical methods and adequate data.[31] Furthermore when updating an existing model 

or developing a new model a prediction rule should be developed to facilitate clinical 

use. When performance is good at external validation, it can be used in clinical prac-

tice to guide treatment. To accomplish this, international collaboration is needed to 

develop and validate a model that can be used universally.

The present study emphasizes the difficulty in developing universally applicable se-

lection criteria that reliably predict surgical outcome across institutions and surgeons. 

There are no models that show a good predictive performance for residual disease. 

Most models only reached the phase of model derivation or their performance was in-

adequate at external validation. Therefore they cannot be used in daily practice. Con-

sequently, further research is important to provide an accurate prediction for treat-

ment selection according to specified statistical rules. The optimal threshold of the 

model should be higher than the clinical usefulness of the clinicians’ prediction. This 

will result in sound models which can be tested and thereafter used in daily practice. 
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Appendix 1. search strategy
A. Medline
Platform: OvidSP
Date: 19-03-2014
Limits: no limits were used
Methodological filters: adapted filter for prediction studies (G.J. Geersink; PLoSONE 2012)

1 exp Ovarian Neoplasms/
2 (ovar* adj5 (cancer* or neoplas* or carcinom* or malignan* or tumor* or tumour*)).ti,ab,ot.
3 1 or 2
4 exp Tomography, X-Ray Computed/
5 (comput$ adj3 tomograph$).tw.
6 (CT adj3 screen*).ti,ab,ot.
7 (CAT adj3 screen*).ti,ab,ot.
8 (CT adj3 scan*).ti,ab,ot.
9 (CAT adj3 scan*).ti,ab,ot.
10 or/4-9
11 3 and 10
12 Validat$.tw or Predict$.ti. or Rule$.tw.
13 ((Predict$ and (Outcome$ or Risk$ or Model$)) or ((History or Variable$ or Criteria or Scor$ or  

Characteristic$ or Finding$ or Factor$) and (Predict$ or Model$ or Decision$ or Identif$ or Prognos$))).
tw.

14 (Decision$.tw. and ((Model$ or Clinical$).tw. or exp Models, Statistical/)) or (Prognostic and (History or 
Variable$ or Criteria or Scor$ or Characteristic$ or Finding$ or Factor$ or Model$)).tw.

15 exp ROC Curve/
16 (“Stratification” or “Discrimination” or “Discriminate” or “c-statistic” or “c statistic” or “Area under the 

curve” or “AUC” or “Calibration” or “Indices” or “Algorithm” or “Multivariable”).tw.
17 or/12-16
18 11 and 17

B. Embase
Platform: OvidSP
Date: 19-03-2014
Limits: no limits were used
Methodological filters: adapted filter for prediction studies (G.J. Geersink; PLoSONE 2012)

1 exp ovary cancer/
2 (ovar* adj5 (cancer* or neoplas* or carcinom* or malignan* or tumor* or tumour*)).ti,ab,ot.
3 1 or 2
4 exp computer assisted tomography/
5 (comput$ adj3 tomograph$).tw.
6 (CT adj3 screen*).ti,ab,ot.
7 (CAT adj3 screen*).ti,ab,ot.
8 (CT adj3 scan*).ti,ab,ot.
9 (CAT adj3 scan*).ti,ab,ot.
10 or/4-9
11 3 and 10
12 Validat$.tw. or Predict$.ti. or Rule$.tw.
13 ((Predict$ and (Outcome$ or Risk$ or Model$)) or ((History or Variable$ or Criteria or Scor$ or 

Characteristic$ or Finding$ or Factor$) and (Predict$ or Model$ or Decision$ or Identif$ or Prognos$))).
tw.

14 (Decision$.tw. and ((Model$ or Clinical$).tw. or statistical model/)) or (Prognostic and (History or Variable$ 
or Criteria or Scor$ or Characteristic$ or Finding$ or Factor$ or Model$)).tw.

15 exp receiver operating characteristic/
16 (“Stratification” or “Discrimination” or “Discriminate” or “c-statistic” or “c statistic” or “Area under the 

curve” or “AUC” or “Calibration” or “Indices” or “Algorithm” or “Multivariable”).tw.
17 12 or 13 or 14 or 15 or 16
18 11 and 17
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Appendix 2   
Quality of included studies
Questions answered with yes/no/unclear
Study participation
1. Is description of setting and included patients done well?
2. Is description of inclusion and exclusion criteria done well??
3. Is patient selection done consecutively?
4. Is the total number of patients reported?
5. Is the rate of patients with unresectable disease reported?
6. Is there a clear description of patients characteristics reported?
Predictor variables
7. Is a clear definition of all predictor variables evaluated and described?
8. Is the description of proportion of participants with complete/missing data reported?
Outcome measurement
9. Is the definition of outcome clear described?
10. Is debulking surgery performed in all patients?
Analysis
11. Are all evaluation measures well described?
12. Is there a good description of the model building strategy?
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AbstrAct

objective

Prediction of residual disease (RD) after debulking surgery is of utmost importance to 

guide treatment in advanced epithelial ovarian cancer (EOC). We aimed to develop and 

externally validate a model to predict any RD after both primary debulking surgery (PDS) 

and interval debulking surgery (IDS) for advanced EOC using computed tomography 

imaging (CT) findings.

methods

A multicenter cohort of 643 consecutive patients who had debulking surgery for ad-

vanced EOC (FIGO [International Federation of Gynaecology and Obstetrics] stage IIIC/

IV) was used. We used logistic regression analyses to develop the model with clinical 

and CT variables of 162 patients treated with PDS. We subsequently validated the model 

using 481 patients treated with IDS. Model performance was assessed by discrimination 

(c-statistic) and calibration. A nomogram was developed to increase clinical applicability.

results

In the development cohort 106 patients (65%) had RD. Our model included WHO-per-

formance status, diaphragmal, mesenterial and omental tumour deposits and extension 

of omental disease to surrounding structures. The model had a c-statistic of 0.79 (95% 

confidence interval (CI) 0.72 to 0.86) at development and showed accurate calibration. 

At validation 252 patients (52%) had RD and performance was moderate (c-statistic 

0.64 95% CI 0.59-0.69).

conclusion

Our model combining CT findings and WHO-performance status can accurately predict 

RD of patients scheduled for PDS. The model should be updated to increase predict-

ive performance for patients treated with IDS. Implementation of the model in clinical 

practice can help the individual surgeon to optimize surgery result and aid in shared 

decision making.
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introDuction

Epithelial ovarian cancer (EOC) is the most lethal gynecologic malignancy. Worldwide, 

annually 200.000 women are diagnosed with EOC. Primary debulking surgery (PDS) is 

the standard treatment for patients with advanced EOC, if complete debulking seems 

possible.[1] However, when debulking to less than one centimetre residual tumour 

seems not feasible, neoadjuvant chemotherapy followed by interval debulking surgery 

(IDS) is preferred.[2] 

Complete debulking, without any residual tumor after surgery, should be pursued to 

obtain the best prognosis.[3;4] The probability that residual tumor remains after PDS 

ranges between 20% and 80%.[3] An alternative treatment strategy is neo-adjuvant 

chemotherapy followed by IDS. With this strategy more often complete resection is 

achieved, however without an appreciably better overall survival.[2;5;6] Consequently, 

the selection of patients who will benefit from debulking surgery, i.e. in whom absence 

of disease after surgery is possible, should be optimized. 

In order to increase the accuracy of preoperative prediction of whom would bene-

fit from surgery, many studies have been performed to identify predictors for subop-

timal debulking.[7] Clinical features as well as serum tumor markers, imaging findings 

and more invasive methods as laparoscopy are studied to identify patients who will 

have minimal residual disease after debulking surgery, however none have proven to 

be accurately selective.[7-10] Therefore the decision for surgery is merely based on 

physicians’ judgement after diagnostic work-up. Computed tomography (CT) is used 

in pre-operative staging of patients suspected of having ovarian cancer for predicting 

operability and to determine treatment.[11;12] CT imaging findings associated with re-

sidual disease after primary debulking surgery are tumour on the diaphragm, disease of 

more than two centimetre, diffuse peritoneal thickening, large volume of ascites, mes-

enterial implants, extension of omental disease to surrounding structures.[8] Several 

studies combined these preoperative CT findings and developed prediction models to 

select patients for PDS.[8;12] Yet, specificity ranged between 57% and 97% and in an 

external population even dropped to 64%.[13] However, although CT is at present the 

best non-invasive predictive procedure, the reported specificity in the original cohort 

could not be confirmed with cross validation, therefore it is not accurate enough to 

guide clinical management.[8;13-15]

As it is evident that surgery leaving residual disease has little added therapeutic 

value[16;17], the pre-operative assessment of resectability becomes more important. In 

order to better identify patients in whom surgery does not improve outcome as com-

pared to immediate chemotherapy, this study aims to develop and validate a model us-

ing CT findings and clinical features to accurately predict resectability of disease without 

macroscopic residual tumour in patients with advanced EOC. 
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methoDs

study population

Consecutive patients who underwent cytoreductive surgery at one of three oncolo-

gic centers of the Centre for Gynecologic Oncology Amsterdam (Academic Medical 

Centre, Free University Medical Centre and Netherlands Cancer Institute) for primary 

EOC FIGO stage IIIC-IV between January 1998 and January 2013 were identified from a 

prospective clinical cancer registry. All patients underwent surgery by a gynaecological 

oncologist. PDS was performed if in the opinion of the multidisciplinary team, consisting 

of gynaecologic oncologists, medical oncologists and dedicated radiologist, debulking 

surgery of all visible tumour to less than one centimetre in diameter was possible. Pa-

tients with more extensive disease and those unable to undergo surgery started neo-ad-

juvant chemotherapy and were treated with IDS after 2-3 cycles of chemotherapy. Every 

operative cytoreductive procedure was performed with the aim to remove all macro-

scopic tumor; this included surgical removal of all tumour masses, along with bilateral 

salpingo-ophorectomy, hysterectomy and radical omentectomy and if necessary radical 

abdominal surgery. 

Only patients with a retrievable CT scan performed maximal 8 weeks prior to surgery 

were included. If the scan was performed without oral or intravenous contrast, patients 

were excluded. CT scans were performed on conventional and helical scanners from 

different manufacturers at the three centers with slice thickness varying from 1 to 5 mil-

limetres. All retrieved CT scans were revised by experienced and dedicated radiologists 

in gynaecological oncology (AF, AS, JW) and scored according to a standard protocol. 

CT scans were reviewed without knowledge of the surgical outcome.

Patients were divided in the development or validation cohort based on the type of 

surgery: patients in the development cohort were primarily treated with surgery (PDS) 

and the patients in the validation cohort had debulking surgery after NACT (IDS). The 

patients treated with IDS were included from 2006 onwards, because before that date 

IDS was merely performed after PDS with residual disease of more than one centimetre.

outcome and predictors

The outcome measure was macroscopic residual disease after debulking surgery, 

defined as any tumour deposits (>0cm) left after debulking surgery. Candidate pre-

dictors for residual disease were selected based on literature and clinical reasoning and 

included clinical and pathological characteristics and imaging findings. Clinico-patho-

logical data included age at diagnosis (years), WHO performance status (WHO-PS) (0 

or higher), International Federation of Obstetrics and Gynaecology (FIGO) stage (IIIC 

or IV), serum CA-125 concentration at start of treatment, serum albumin concentra-

tion before surgery, histological classification divided in serous (reference), mucinous, 

endometrioid, clearcell and undifferentiated epithelial tumours and grade according 

to Silverberg (poor, moderate, good (reference))[18], and American Society of Anaes-

thesiologists (ASA) score (1 (reference), 2, 3). Selected CT imaging findings were all 
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dichotomous scored as present or absent and included diaphragmal disease of more 

than two centimetre in diameter, diffuse peritoneal thickening, large volume of ascites 

(visible on more than 2/3 of all CT slices), mesenterial implants, omental disease and 

extension to surrounding structures, such as stomach or spleen, disease in or on the liver 

and infra- or suprarenal lymph nodes. 

 

statistical analysis

Baseline characteristics of the development and validation population were determ-

ined using descriptive statistics. The variables albumin concentration, WHO perform-

ance status, ASA classification, disease in or on the liver, diffuse peritoneal tumour and 

mesenterial disease had missing values. Missing data are often not missing completely 

at random, but rather selectively missing. Leaving out the patients with missing values 

(complete case analysis) could result in a loss of precision and biased study results.

[19;20] Imputation of selectively missing values can reduce bias and allows for the inclu-

sion of all women in the analysis. Therefore, with the assumption of missing at random 

(MAR) these missing values were 10 times multiple imputed. The imputation models 

included all the candidate predictors and the outcome.

Univariable and multivariable logistic regression analysis was performed with residual 

disease (yes/no) as outcome measure. For each candidate predictor the odds ratio for the 

chance of residual disease was calculated. Age at diagnosis, serum albumin concentration 

and CA-125 concentration were analyzed as continuous variables. Linearity of their asso-

ciation with the outcome was assessed using restricted cubic splines.[21]

Although pre-selection based on the univariable analysis is in general not recommen-

ded, we performed a pre-selection for the multivariable analysis based on the p-value 

(<0.01) in the univariable analysis in order to retain a reasonable number of events per 

variable to fit the multivariable model.[22] To determine which combination of potential 

predictors best predicted the outcome we used logistic regression with backward step-

wise selection based on Akaike’s Information Criterion (AIC).[23] For variables with one 

degree of freedom (df) the AIC corresponded to a p-value of 0.157. This strategy ensured 

an optimal balance between inclusion of true predictors and exclusion of noise variables. 

To account for differences between imputation sets, predictor selection was performed 

in each imputation set separately. For inclusion in the final prediction model, we used 

the majority method, i.e. predictors were included in the final model if selected in at 

least five out of ten imputed data sets.[24] Afterwards the regression coefficients and 

standard errors of this final model were estimated in each imputation set separately 

and combined using Rubin’s rules to end up with the regression coefficients of the final 

multivariable model.

With every model development there is a chance of overfitting, meaning that the 

model is too strongly fit to the data from which it was developed and consequently 

may perform poorly when validated externally. In order to assess the degree of over-

fitting or optimism, we internally validated the model using bootstrapping techniques, 
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in which new data sets are created by random drawing from the sample with replace-

ment.[23] One hundred bootstrap samples were drawn from the original data set with 

replacement, allowing for multiple sampling of the same individual. Within each boot-

strap sample the entire modelling process described above was repeated. The overall 

shrinkage factor was calculated as the difference between performance in the original 

sample and performance in the bootstrap samples.[23] The regression coefficients of 

the predictors were multiplied with this shrinkage factor (uniformly shrunken) to correct 

the model for optimism and overfitting.[21]

Model performance was evaluated by determining the discrimination and calibration. 

[23;25;26] Discrimination is the models ability to differentiate between patients who 

have residual disease after surgery and patients who will not. Discrimination was calcu-

lated through Harrell’s overall concordance (c) statistic. A c-statistic can be interpreted 

as the area under the receiver operating characteristic (ROC) curve. 

Calibration is the agreement between observed event rates and predicted event rates 

for groups of patients at a certain time. To evaluate the calibration, we divided the 

dataset in ten equally sized subgroups based on the predicted risk of having residual 

tumour. In each subgroup, we calculated the mean predicted probability of having re-

sidual tumour and the mean observed fraction of having residual tumour. The predicted 

and observed means were plotted in a smooth calibration plot. An accurate calibration 

would show perfect agreement between prediction and observation (X=Y and calibra-

tion slope = 1). 

Furthermore, the following accuracy measures were assessed: sensitivity (or true pos-

itive rate), specificity, positive predictive value, negative predictive value, and false pos-

itive rate at different cut-off values based on the deciles of the predicted probabilities. 

Finally to improve clinical application we created a nomogram based on the shrunken 

coefficients to easily predict surgery result. 

external validation

To investigate the performance of the model in a population other than the devel-

opment population we applied the model to the validation population. Again, 

missing values were imputed using multiple imputation (10 times). Univariable ana-

lysis in the validation cohort was done to compare the effect of the predictors for 

the chance of residual disease between the validation and development cohort. 

To adjust for a difference in the development population and the validation set, the 

intercept of the original model was updated, which is common practice when validating 

prediction models in external data.[27] A correction factor was calculated by taking 

the logarithm of the total result of the incidence of the outcome in the validation set 

divided by 1 minus this incidence divided by the mean predicted risk in the validation 

set divided by 1 minus this mean. By adding this correction factor to the intercept of 

the original model, the model was updated.[27] Further assessment of model calibra-

tion was performed after adjusting the intercept to re-estimate the calibration slope as 

previously described.



115 Predicting advanced ovarian cancer surgery results

7.

Data was prepared using IBM SPSS Statistics 20.0 (IBM corp.) Analyses were per-

formed using R version 2.15.3. (R Foundation for Statistical Computing, Vienna, Austria. 

ISBN 3-900051-07-0, URL http://www.R-roject.org/.) 

results

Development and internal validation

Of 162 patients treated with PDS 106 had residual disease. Mean age was 61 years (+/- 

SD 11), 8% of patients had FIGO stage IV disease and 75% of tumours were of serous 

histology. Mesenterial and liver disease were most often seen at CT imaging in respect-

ively 60% and 56% of patients. Other baseline characteristics are presented in table 1. 

Assessment of the linearity of the associations between continuous variables and the 

outcome showed that age was not linearly associated with residual disease. Based on 

this finding we decided to categorize age at diagnosis into three groups ≤ 56, 57-60 and 

> 60 years. Serum CA-125 concentration and albumin concentration were not linearly 

related with the outcome and were transformed using a logarithmic transformation to 

achieve linearity. 

The results of the univariable and multivariable regression analyses are presented in 

table 2. Univariable analysis showed that nine predictors were significantly associated 

(p< 0.01) with residual disease: WHO-PS of one and higher, serum CA 125 concen-

tration at start of treatment, diaphragmal tumour deposits of more than two centi-

metre, disease in or on the liver, diffuse peritoneal thickening, large volume of ascites, 

mesenterial disease, omental disease and extension of omental disease to surrounding 

structures. The final model identified in multivariable analysis showed that diaphragmal 

disease larger than two centimetre (OR 2.5 95% CI 0.75 - 8.1), omental extension to 

surrounding structures (OR 2.7 95% CI 0.60-12.0), mesenterial disease (2.2 95% CI 

0.91- 5.5), omental disease (OR 1.8 95%CI 0.80 - 4.0)) and WHO-PS ≥ 1 (OR 2.0 95%CI 

0.86-4.5) increased the risk of residual disease. 

The predicted probabilities derived from our multivariable model ranged from 37.2% 

until 96.9%. The model has a good discriminative ability with a c-statistic of 0.79 (95% 

CI 0.72-0.86), and showed accurate calibration (figure 1). 

Accuracy measures for the different cut-off values of the predicted risk of residual 

disease after debulking surgery are presented in table 3. A nomogram predicting resid-

ual disease after debulking surgery was constructed with the 5 predictors based on the 

multivariable model (figure 2)



116 Chapter 7

table 1. Characteristics of the development (n=162) and validation (n=481) cohort. Patients in the 
development population were scheduled for primary debulking surgery. Patients in the validation cohort were 
treated with interval debulking surgery

Development cohort 
n= 162

Validation cohort
n= 481

Age, mean (SD) 60.6 (10.9) 62.6 (10.6)

fiGo stage, n (%)

IIIC 149 (91.9) 347 (72.1)

IV 13 (8.1) 134 (17.9)

Who performance status, n (%)

0 96 (59.2) 185 (38.5)

1 50 (30.9) 130 (27.0)

> 2 11 (6.8) 39 (8.1)

Missing, n (%) 5 (3.1) 127 (26.4)

AsA, n (%)

1 41 (25.6) 158 (32.8)

2 93 (57.5) 275 (57.1)

3 22 (13.8) 48 (10.1)

Missing, n (%) 6 (4.1) 0 (0)

cA125 before treatment, median (IQR) 611.0 (226.0 – 1758.0) 941 (339.6-2280)

Albumin concentration, median (IQR) 41.6 (37.0 – 44.0) 43.0 (40.0-45.9)

Missing, n (%) 40 (25%) 150 (31%)

Histology, n (%)

Serous 122 (75.0) 393 (81.7)

Mucinous 7 (4.4) 7 (1.5)

Endometrioid 15 (9.4) 16 (3.3)

Clearcell 7 (4.4) 9 (1.9)

Undifferentiated 5 (3.1) 52 (10.8)

Other epithelial tumour 5 (3.1) 4 (0.8)

Grade by silverberg, n (%)

1 8 (5.0) 14 (2.9)

2 37 (23.1) 45 (9.4)

3 87 (53.8) 169 (35.1)

Missing 30 (18.1) 253 (52.6)

residual disease, n (%) 106 (65.4) 252 (52)

ct features, n (%)

Diaphragm disease >2 cm 41 (42.3) 72 (15.0)

Liver 50 (56.3) 9 (1.9)

Diffuse peritoneal thickening 42 (47.1) 129 (26.8)

Ascites (>2/3 slides) 51 (55.7 5 (1.0)

Mesenterial disease 58 (60.2) 159 (33.1)

Omental implants 117 (53.6) 378 (78.6)

Omental extension 27 (26.7) 79 (16.4)

Suprarenal lymph nodes 17 (18.7) 2 (0.4)

Infrarenal lymph nodes 46 (55.2) 3 (0.6)
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table 2. Univariable and multivariable associations of residual disease after debulking surgery in the development 
cohort. Number (n) of cases with and without residual disease for each predictor are also presented. 

residual disease univariable analysis multivariable analysis

characteristic Yes  
(n = 106)

no 
(n=56)

or (95% ci) p-value β or (95% ci)a

intercept -0.52

Age

≤ 56 years 37 20 1

57-65 years 29 19 0.83 (0.37-1.83) 0.636 - -

>66 years 40 17 1.27 (0.58-2.79) 0.550 - -

fiGo stage iV 9 (5.6%) 4 (2.5%) 1.21 (0.35-4.11) 0.765 - -

Who ≥1 52 (32.1%) 12 (7.4%) 3.39 (1.59-7.21) 0.001b 0.68 1.97 (0.86-4.52)

AsA classification

ASA 1 26 19 1 - -

ASA 2 63 32 1.36 (0.64-2.89) 0.423

ASA 3 15 7 1.46 (0.49-4.33) 0.498

cA 125 before treatment 
median (IQR)

846  
(269-2172)

411 
(156-1029)

1.42 (1.11-1.83) 0.006b Not selected

Albumin before 
treatment, median (IQR) 

40  
(21-43)

43  
(39-45)

0.92 (0.86-0.99) 0.012

histology, n 

Serous 83 39 1 -

Mucinous 3 4 0.35 (0.08-1.65) 0.186

Endometrioid 6 9 0.31 (0.10-0.94) 0.039

Clearcell 6 1 2.82(0.33-0.23) 0.345

Undifferentiated 4 1 1.88(0.20-17.38) 0.578

Other epithelial tumour 4 2 0.70 (0.11-4.39) 0.708

Grade by silverberg, n

1 5 8 1 -

2 34 13 4.50 (0.90-22.40) 0.066

3 65 37 2.87 (0.64-12.79) 0.168

ct features

Diaphragm disease >2 cm 37 4 7.03 (2.36-20.97) <0.001b 0.90 2.46 (0.75- 8.12) 

Disease in or on Liver 40 10 2.81 (1.13-6.19) 0.010b Not selected

Diffuse peritoneal 
thickening

35 8 3.13 (1.30-7.57) 0.010b Not selected

Ascites (>2/3 slides) 42 9 3.43 (1.52-7.72) 0.003b Not selected

Mesenterial disease 47 9 4.14 (1.84-9.32) 0.001b 0.81 2.24 (0.91- 5.51) 

Omental implants 87 30 3.97 (1.93-8.17) < 0.001b 0.58 1.78 (0.80 - 3.96) 

Omental extension to 
surrounding structures

25 2 6.88 (1.63-29.12) 0.006b 0.99 2.69(0.60- 12.00) 

Suprarenal lymph nodes 14 3 2.72 (0.75-9.90) 0.129 -

Infrarenal lymph nodes 32 14 1.30 (0.62-2.70) 0.487 -

OR, odds ratio; CI, confidence interval; ß, regressions coefficient; FIGO, International Federation of  
Obstetrics and Gynecology.
a Adjusted for optimism with a mean (over imputation sets) shrinkage of 0.76.
b Statistically significant with a p-value < 0.01 and therefore selected for multivariable analysis.
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external validation

After IDS, 252 of 481 patients had residual disease. FIGO stage IV and omental implants 

were more often present in the validation cohort than in the development cohort while 

diaphragmal, liver and mesenterial disease, and large volumes of ascites were seen less 

often. The baseline characteristics are presented in table 1.

Univariable analysis in the validation cohort identified the same predictors as in the 

development cohort to effect residual disease after debulking surgery. However for 

some predictors the odds ratio were smaller than in the development cohort (data not 

shown). At external validation the overall probability of residual disease was overestim-

ated by the model (67% predicted vs. 52% observed). Therefore we performed recalib-

ration by updating the intercept. After recalibration the mean predicted probability was 

54% and the predicted risks of residual disease were in agreement with the observed 

proportions of residual disease, indicating good calibration (figure 3). The discriminative 

ability of the model was moderate with a c-statistic of 0.64 (95% CI 0.59-0.69), which 

is lower than found with internal validation. 

figure 1. Calibration plot of the observed proportion against the predicted probability of residual 
disease after debulking surgery. The dotted line represents the ideal line where the actual probability of 
residual disease matches the predicted probability. The solid line represents the observed residual risk 
where the actual probability is slightly different from the predicted probability. The dots indicate quintiles 
with confidence intervals of patients with similar predicted risk.
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7.

figure 2. Nomogram for predicting residual disease after debulking surgery.  
For instance; on the axis with WHO performance status locate if the patient’s performance status is 0 or 1 
and higher. Determine the number of points associated with the performance status by drawing a straight 
line from the WHO axis upward to the “Points” axis. This procedure can be repeated for the other axes of 
diaphragm disease, mesenterial disease, omental implants and omental extension. Sum the points received 
for each predictor and locate this number on the “Total points” axis. To conclude the risk of residual disease 
draw a straight line down to the corresponding “Predictive Value” axis. For example, a patient with a WHO 
performance of 2, mesenterial disease and omental implants, but without diaphragm disease or omental 
extension would have 180 points in total, corresponding to 82% chance of residual disease after debulking 
surgery.

Points
0 20 40 60 80 100

WHO>=1
0

1

Diaphragm > 2cm
0

1

Mesentery
0

1

Omental implants
0

1

Omental extension
0

1

Total Points
0 50 100 150 200 250 300 350 400

Predicted Value
0.4 0.5 0.6 0.7 0.8 0.85 0.9 0.95 0.98

Cut-off value Sens Spec PPV NPV TPR FPR

> 40% 94.2 33.0 72.7 75.2 94.2 67.0

> 50% 94.2 33.0 72.7 75.2 94.2 67.0

> 60% 68.1 75.0 83.8 55.4 68.1 25.0

> 70% 57.1 85.7 88.3 51.3 57.1 14.3

> 80% 40.2 93.6 92.2 45.3 40.2 6.4

> 90% 22.6 98.2 96.0 40.1 22.6 1.8

table 3. Accuracy measures (%) for different cut-off values of the predicted risk of residual disease

sens: sensitivity; spec: specificity; PPV: positive predictive value; NPV: 
negative predictive value;  
TPR: true positive rate;FPR: false positive rate
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Discussion

We developed and externally validated a model for prediction of residual disease 

after debulking surgery for advanced ovarian cancer using mainly CT findings. The 

final model consisted of five variables available after CT imaging and before start of 

surgery, i.e. diaphragmal disease of more than two centimetre, mesenterial disease, 

omental disease and extension to surrounding structures and WHO performance 

status, and showed good performance at internal validation. When applied to an 

external population model, performance was substantially lower.

Information on the risk of residual disease after debulking surgery guides treatment 

and could improve treatment strategies by lowering the number of futile laparotomies. 

A large advantage of a prediction model is that the variables are combined allowing for 

a more precise prediction. Yet, it will complement rather than replace clinical decision 

making by combining risk factors for residual disease in an objective way. The use of a 

small number of readily available variables in this model, ensures easy adherence in daily 

practice. Moreover, the developed nomogram further improves the clinical applicability 

of the model. 

figure 3. Observed risk of residual disease by predicted risk for patients treated with interval debulking 
surgery for advanced ovarian cancer. The dots indicate deciles with confidence intervals of patients with 
similar predicted risk. The intercept (-1.11) was adjusted with factor -0.5919 to adjust for the difference 
between the development set and the validation set.

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.2

0.4

0.6

0.8

1.0

●

●

●

●

●

●

●
●

●
●

Predicted risk of residue after IDS

O
bs

er
ve

d 
pr

op
or

tio
n 

of
 re

si
du

e 
af

te
r I

D
S



121 Predicting advanced ovarian cancer surgery results

7.

Several studies investigated computed tomography factors as potential predictors 

for residual disease after debulking surgery.[13;28-30] Although many models are de-

veloped to guide surgical treatment in advanced EOC, few have been externally valid-

ated [13;14] and none are used to guide treatment. The strength of our study lies in the 

external validation. We did not only develop a model but also validated the model in 

a population that was different from the development population. Although one can 

question the validity due to the difference in time setting of the debulking procedure, 

we deem it justifiable to validate our model in this population of patients who were 

treated with IDS. This, because the surgical procedures performed are the same at 

primary and interval debulking, although at a different moment in treatment. Even so, 

the goal of surgery is identical, i.e. removal of all macroscopic tumour, and was scored 

in an identical way. The outcome predicted by the model is thus equal in both settings. 

Therefore we choose to validate our model in this cohort. 

In the present study strict rules were applied to guaranty a predictive model of good 

quality.[31;32] Not a huge number of hypothetically potential predictors were tested 

but only predictors that showed to be correlated with residual disease in previous stud-

ies.[33] To prevent overfitting we considered at least ten events per predictor [34] Fur-

thermore we corrected for possible optimism using bootstrap procedure. Overall our 

model was developed and validated according to a sound methodological protocol. All 

steps in prediction model development and validation were considered.[31;32] 

Another strength of our study lies in the outcome of our model. Although the GOG 

definition of optimal debulking uses one centimetre as maximal diameter as a cut-off 

[35], several studies have shown a survival advantage for patients without any resid-

ual disease compared to less than one centimetre.[17;36] Therefore the goal of every 

cytoreductive procedure is nowadays to achieve absence of residual disease.[1] Corres-

ponding to this change the outcome of our model was any residual disease in contrast 

to existing models predicting residual disease of less or more than one centimetre. 

This is the first study that focuses on residual disease after debulking surgery for 

primary advanced ovarian carcinoma in general. Existing models including CT findings 

only focused on result of PDS.[33] We adjusted the model so that it would be suitable 

for prediction of result after IDS as well. However, after recalibration it’s discriminative 

capacity was less.

The present study has some potential limitations. Although a prospective maintained 

registry was used for selection of the cohort, the design of the study is retrospective and 

based on a cohort. One of the drawbacks of a cohort study is the possibility of introdu-

cing selection bias. High risk patients, those with severe disease or in poor condition, 

were not treated with PDS and therefore not included in the model development. This 

could cause underestimation of the model when applied in clinical practice. However 

including them in the analyses and grouping them with residual disease as outcome 

would have caused verification bias. 

Another problem that might introduce bias is the time period of inclusion of patients 

in the development cohort. Surgery has become more radical over the years, however 
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the percentage of patients left without residual disease has not changed significantly 

when comparing outcome of surgery over the last six years with years before.

Although a prediction model is an objective tool to predict a certain outcome, out-

come of this prediction model is based on subjective data. The gynaecological onco-

logist performing the surgery estimated that no macroscopic residual disease was left, 

which could be a wrong interpretation. Even so, to asses residual disease after IDS is 

more difficult than after PDS. At IDS it is sometimes difficult to distinguish between 

fibrosis, necrosis or vital residual tumour affected by neo-adjuvant chemotherapy.[37] 

Which could also cause the drop in performance of the model at external validation.

Although serum CA-125 concentration and liver disease are reported previously as 

potential prognostic variables [11;13;14;28;29] these variables were only significantly 

associated with residual disease in univariable analysis in our study and were left out 

the final model. The loss of association in multivariable analyses between CA-125 con-

centration and the outcome is possibly explained by the other prognostic factors in the 

model such as amount of ascites and tumour load, making CA-125 concentration a re-

dundant factor for residual disease prediction. The five variables in the final model have 

all been extensively described before as prognostic variables. We hypothesize that all 

are indicators of more advanced disease, resulting in a higher chance of residual disease.

Our prediction model calculates the probability of residual disease after debulking 

surgery based on computed tomography findings. It can help in the decision on who 

should have surgery and to reduce the chance of futile laparotomies. Even so it can be 

used when informing patients and to facilitate shared decision making. From the clinical 

context we want to avoid residual disease at debulking surgery because of associated 

morbidity without substantial contribution to survival. The clinician wants to be rather 

specific than sensitive in the decision to perform debulking surgery. 

Wider applicability of this model outside our centres requires assessment of generaliz-

ability. The presented model has to be validated in a large, prospective trial or cohort of 

patients suspected of stage IIIC or IV ovarian cancer in other centres and impact analysis 

on overall survival should be assessed. 

In conclusion, tumour localisations visible on CT imaging as well as WHO perform-

ance status predict the risk of residual disease after debulking surgery for advanced 

ovarian cancer. The identified predictors were internally validated by bootstrapping and 

thereafter externally validated in a IDS cohort. The predictors in the model are readily 

available when evaluating CT imaging. The nomogram will allow for fast and easy im-

plementation in clinical practice. After proof of generalizability, this model can help the 

individual surgeon to optimize surgery result and aid in shared decision making, thereby 

providing treatment guidance.
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AbstrAct

background

The presence of residual tumour after primary debulking surgery is the most im-

portant prognostic factor in patients with advanced ovarian cancer. In up to 60% 

of cases, residual tumour of more than one cm is left behind, stressing the neces-

sity of accurately selecting those patients who should be treated with primary de-

bulking surgery and those who should receive neoadjuvant chemotherapy instead. 

objectives

To determine if performing an open laparoscopy after the diagnostic work-up of pa-

tients suspected of advanced ovarian cancer is accurate in predicting the resectability 

of disease.

 

search methods

We searched MEDLINE, EMBASE, The Cochrane Central Register of Controlled Trials 

(CENTRAL), the Cochrane Register of Diagnostic Test Accuracy Studies, MEDION and 

ISIWeb of Science to February 2013. Furthermore, we checked references of identified 

primary studies and review articles.

selection criteria

We included studies that evaluated the diagnostic accuracy of laparoscopy to determine 

the resectability of disease in patients who are suspected of advanced ovarian cancer 

and planned to receive primary debulking surgery.

Data collection and analysis

Two review authors assessed the quality of included studies using QUADAS-2 and ex-

tracted data on study and patients’ characteristics, index test, target condition and 

reference standard. Data for two-by-two tables were extracted and summarised 

graphically. Sensitivity and specificity and negative predictive values were calculated. 

main results

We included seven studies reporting on six cohorts. Between 27% to 64% of included 

patients per study were positive on laparoscopy (too extensive disease to warrant lap-

arotomy) and between 36% to 73% were negative (disease suitable for debulking lap-

arotomy). Only two studies avoided partial verification bias and provided data to cal-

culate sensitivity and specificity, which did not justify meta-analysis. These two studies 

had a sensitivity of 0.70 (95% confidence interval (CI) 0.57 to 0.82) and 0.71 (95% CI 

0.44 to 0.90); however, the specificity of both studies was 1.00 (95%CI 0.90 to 1.00). 

In these two studies there were no false positives, i.e. no patients for whom laparoscopy 

indicated that major surgery would not be successful and should be avoided, whereas, 

in reality the patient could be successfully operated upon. Negative predictive values 
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(NPV), for those patients who were diagnosed with having not too extensive disease 

correctly identified were 0.75 (95% CI 0.55 to 0.86) and 0.96 (95% CI 0.56 to 0.99) due 

to a different prevalence. Although the studies did report sufficient data to calculate 

NPVs, we judged these estimates too heterogeneous to meta-analyse. Three studies 

described the development or validation of a prediction model with a clear cut-off for 

test positivity. Sensitivity and specificity of these prediction models were 0.30 to 0.70 

and 0.89 to 1.00, respectively. However, one of these studies suffered from partial 

verification bias.

Authors’ conclusions

Laparoscopy is a promising test, but the low number of studies and the differences 

between the included studies do not allow firm conclusions to be drawn from these 

data. Due to a difference in prevalence, there is a wide range in negative predictive val-

ues between studies. Two studies verified all patients. These imply a high specificity of 

laparoscopy in diagnosing resectability and have a good sensitivity. Both studies show 

that the use of criteria for unresectable disease will result in no patients inappropriately 

unexplored. However, there will still be patients undergoing unsuccessful primary lap-

arotomy. Using a prediction model does not increase the sensitivity and will result in 

more unnecessarily explored patients, due to a lower specificity.
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introDuction

Epithelial ovarian cancer is one of the leading causes of death in gynaecological malignan-

cies and the seventh most common cancer in the world among women. [1] Women are 

commonly diagnosed with the disease at an advanced stage, when the tumour has spread 

through the abdominal cavity or into the liver or the pleural fluid.[2] Although the five-

year overall survival in the early stages is high, the five-year overall survival in an advanced 

stage is around 30%. Despite an initial response rate of 80%, recurrence occurs in 70% of 

women, and the median survival for women with advanced disease is two to four years.[3]

Standard treatment of patients with advanced ovarian cancer is a combination of de-

bulking surgery and chemotherapy consisting of carboplatin and paclitaxel. The aim of 

debulking surgery is to leave no visible macroscopic tumour. If this cannot be achieved, 

the diameter of separate residual tumour metastases should be as small as possible, ideally 

less than 1 cm in diameter, as survival is related to the size of the residual tumour.[4-7] 

Debulking surgery leaving the largest residual tumour metastasis greater than 1 cm in 

diameter is regarded as sub-optimal. An alternative strategy to primary surgery followed 

by chemotherapy is treatment with chemotherapy first, followed by surgery after three 

cycles of chemotherapy, followed by a further three cycles after interval surgery, so called 

neoadjuvant chemotherapy. Neoadjuvant chemotherapy is given in patients with co-mor-

bidities or, if primary surgery is likely to leave a large residual tumour.[8;9] Also, if the 

first surgery was not a maximal attempt by an experienced gynaecological oncologist, an 

interval debulking may improve survival. These patients could be operated on again after 

three courses of chemotherapy, followed by another three courses of chemotherapy.[10] 

In these cases, primary debulking surgery may lead to surgical morbidity without any gain 

in survival.[11] Ideally, primary surgery leaving residual tumour deposits of more than 1 

cm should be voided and women with disease which is not debulkable initially, should be 

treated with neoadjuvant chemotherapy.

clinical pathway

Standard diagnostic work-up of women with suspected advanced ovarian cancer con-

sists of clinical judgment based on performance status and physical examination, ultra-

sonography, serum cancer antigen 125 (CA 125) measurement and computed tomo-

graphy (CT) or magnetic resonance imaging (MRI) scan evaluation.[12] When women 

are thought to have operable disease, primary surgery can be attempted. However, the 

ability of the standard diagnostic work-up to predict accurately who might benefit from 

primary surgery is low, resulting in 25% to 62% of primary surgery with residual tumour 

depositions of more than 1 cm in diameter.[11;13] This suggests that current diagnostic 

work-up is not sufficiently accurate and should be improved. Staging laparotomy is the 

most accurate way to determine if the amount of tumour in the abdomen is too extensive 

to achieve complete surgery results. Yet, a laparotomy is a very invasive intervention for 

diagnostic purposes. Diagnostic laparoscopy is a less invasive surgical option for determ-

ining operability. In some institutes, laparoscopy is a standard procedure in the diagnostic 
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work-up, whilst in other institutes a laparoscopy is only performed when there is doubt 

about the resectability of tumour metastases. This surgical diagnostic procedure, under 

general anesthesia, is an extra intervention with both risk of complications and increased 

costs. The overall risk of complications of a diagnostic laparoscopy is between 1% and 5% 

depending on the type of surgery and patient population.[14]

role of index test

So far, solid evidence is lacking that laparoscopy can reliably predict the outcome of debulk-

ing surgery. However, it is already the standard of care in many centres. If we are able to 

identify, prior to surgery, those women with ovarian cancer who have metastatic disease 

that is likely to be too extensive to be resected at debulking surgery, unnecessary surgery 

could be prevented. During laparoscopy the entire abdominal cavity is examined systemat-

ically, inspecting the ovaries, fallopian tubes, uterus, pelvic peritoneum, omentum, serosa 

and mesentery of the large and small bowel, spleen, liver surface, paracolic gutters and 

diaphragm. Those women who are diagnosed with too extensive disease to be removed 

during laparotomy will be treated with neoadjuvant chemotherapy (Figure 1). This would 

improve the rate of successfully operated women, limiting unnecessary morbidity and costs.

figure 1. Laparoscopy is used as a triage test. If laparoscopy is positive indicating that the target condition 
is present (i.e. a direct debulking operation would be unsuccessful: residual cancer > 1 cm is left behind). 
For these patients a primary debulking could be avoided and they will be treated with neoadjuvant chemo-
therapy. The existing pathway would be that every patient will receive an explorative laparotomy where in 
this flow diagram the laparoscopy is placed.

Women suspected of 
advanced ovarian cancer

Primary debulking surgery 
feasible

Laparoscopy

Debulking surgery not 
feasible

Debulking surgery 
feasible

Conventional staging

Primary debulking Neoadjuvante 
chemotherapy
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objective

In this review we aim to determine if an open laparoscopy, after the conventional dia-

gnostic work-up of women suspected of advanced ovarian cancer, accurately predicts 

extensiveness and therefore, resectability of disease.

methoDs

criteria for considering studies for this review 

Types of studies

We included studies that evaluated laparoscopy as a diagnostic added test to determine 

resectability of disease in women with suspected advanced ovarian cancer who were 

planned for primary debulking surgery after conventional staging. In these studies the 

extensiveness of disease diagnosed with a laparoscopy was compared with the dia-

gnosis at laparotomy. Because of the bias which can be introduced by case-control stud-

ies, these were excluded from the review. We expected that there would be studies in 

which not all participants had undergone reference standard (i.e. laparotomy) when the 

index test was positive (i.e. unsuitable for debulking surgery as likely to lead to sub-op-

timal result). Therefore, we also included studies in which only the participants who had 

a negative result of the index test (meaning that the tumour was not too extensively 

spread to be operated upon) underwent the reference standard.

Participants

Participants included women suspected of having advanced stage ovarian carcinoma 

(FIGO stage IIB, IIC, IIIA to C, IV), who were scheduled for primary debulking surgery 

and did not have contraindications for laparoscopy or laparotomy.

Index tests

The test under evaluation was an additional open diagnostic laparoscopy that was per-

formed when a patient was planned for primary debulking surgery after conventional 

diagnostic work-up. Conventional diagnostic work-up consisted of physical and ultra-

sound examination, serum CA 125 measurement and/or CT or MRI scan. A positive in-

dex test result means that the tumour was too extensively spread to be operated upon; 

a negative index test result means that the tumour, according to laparoscopy, was not 

too extensively spread to be resected (Figure 2).

Target conditions

The target condition was ovarian cancer deposits that could not be resected at laparo-

tomy to at least less than 1 cm in diameter and therefore makes patients not suitable 

for primary debulking surgery. Examples of ovarian cancer deposits that cannot be 

resected include extensive peritoneal and mesenteric carcinomatoses (> 100 spots) or 

extensive metastases in the upper abdomen, such as bulky disease on the diaphragm 
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or liver surfaces. The definition of ovarian cancer deposits that could not be resected 

at laparotomy was extracted from each study.

Reference standards

Laparotomy was the reference standard. When performing a laparotomy one is able 

to explore the entire abdominal cavity and to locate all tumour deposits. The goal at 

laparotomy is to remove all macroscopic tumour, therefore giving a true impression of 

the resectability of ovarian cancer deposits in the abdominal cavity.

search methods for identification of studies

Electronic searches

For identifying any eligible studies, searches were run in the following electronic da-

tabases: the Cochrane Central Register of Controlled Trials (CENTRAL); the Cochrane 

Register of Diagnostic Test Accuracy Studies; MEDLINE (OvidSP), EMBASE (OvidSP), ME-

DION and Science Citation Index and Conference Proceedings Citation Index (ISI Web of 

Science), to February 2013. The search strategies can be found in Appendix 1; Appendix 

2; Appendix 3; No language restrictions were made.

Searching other resources

Manually searching the references of articles retrieved from the computerised databases 

and searching relevant review articles did not identify additional references.

Data collection and analysis

We followed the guidelines provided in the Cochrane Handbook for Systematic Reviews 

of Diagnostic Test Accuracy (DTA Handbook 2010).

figure 2. Two by two table of index test results by reference standard outcomes. TP= True Positive, TN= True 
Negative, FP= False Positive, FN= False Negative

index test positive 
(At laparotomy tumour too 
extensively spread to be operated 
upon)

index test negative 
(At laparotomy tumour not too 
extensively spread to resect)

reference test positive 
(At laparotomy tumour too 
extensively spread to be 
operated upon)

tP: patients who had residual 
disease after PDS who were 
correctly identified as having too 
extensive disease to resect

fn: patients with seemingly not too 
extensive disease by laparoscopy, 
but who turned out to have too 
extensive disease to resect

reference test negative 
(At laparotomy tumour not 
too extensively spread to 
resect)

fP: patients who were identified by 
laparoscopy to have too extensive 
disease but had no macroscopic or 
less than one centimeter of residual 
tumour deposits

tn: patients with not too extensive 
disease by laparoscopy and who 
indeed had no macroscopic 
residuals after debulking
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selection of studies

Two review authors (MR and MB) independently reviewed all citations identified by the 

search strategy described above, first by title and abstract and when necessary by review 

of the full text of the study report, to determine eligibility. To be eligible, each publication 

was assessed to determine if participants met the inclusion and exclusion criteria detailed 

above. Abstracts were included if sufficient information was provided to apply the selec-

tion criteria and if they included data for analysis.

Data extraction and management

A data extraction form was developed and piloted using a subset of the identified stud-

ies. Two authors (MR and MB) independently completed a data extraction form on all 

included studies. Any discrepancies were resolved by discussion. The following data were 

retrieved. 

• General information: title, journal, year, publication status, and study design (prospec-

tive versus retrospective).

• Sample size: number of participants meeting the criteria and total number of partici-

pants included in analyses.

• Baseline characteristics: age, disease stage as defined by the guidelines of FIGO.

• Inclusion and exclusion criteria.

• The index test: technique of laparoscopy and cut-off for test positivity.

• Reference standard test: reference standard used; if not all patients received reference 

standard, how many and what proportion of the total did not; definition of complete, 

optimal and suboptimal result at laparotomy.

• Whether or not the laparoscopy or laparotomy was performed by a gynaecological-

oncologist or general gynaecologist.

• Number of true positives (TP): patients who had residual tumour after primary debulking 

surgery (PDS) who were correctly identified as having too extensive disease to resect.

• Number of true negatives (TN): patients with not too extensive disease by laparoscopy 

and who indeed had no macroscopic residuals after debulking.

• Number of false positives (FP): patients who were identified by laparoscopy to have 

too extensive disease but had no macroscopic or less than one cm of residual tumour 

deposits.

• Number of false negatives (FN): patients with seemingly not too extensive disease by 

laparoscopy, but who turned out to have too extensive disease to resect.

• Number of missing, uninterpretable or doubtful results. Number of complete, optimal 

and suboptimal resections.

• Side effects or complications due to the laparoscopy.

Assessment of methodological quality

Methodological quality of the eligible studies was assessed using QUADAS-2 (Quality 

Assessment of Diagnostic Accuracy Studies), an evidence-based tool for the assessment 
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of quality in systematic reviews of diagnostic accuracy studies.[15;16] The tool is based 

on items that cover a wide range of methodological issues in diagnostic test studies.

QUADAS-2 comprises four domains: patient selection, index test, reference standard, 

and flow and timing. Each domain is assessed in terms of risk of bias, and the first three 

domains are also assessed are included to help judge risk of bias. The QUADAS-2 tool 

is applied in four phases: summarise the review question, tailor the tool and produce 

review-specific guidance, construct a flow diagram for the primary study, and judge bias 

and applicability.

The tool was independently piloted on two primary studies and no refinements were 

needed. After testing, the tool was used to rate all included studies. Quality assessment 

of studies was independently performed by review authors MR and MB. Any disagree-

ment was resolved by consensus.

statistical analysis and data synthesis

Data from each study is summarized in two by two tables of TP, FP, TN, FN and used to 

calculate sensitivity and specificity for each study. Studies providing insufficient data to 

construct two by two tables were used to present data on negative predicting values 

(NPV). NPV is defined as the number of patients with no residual disease who were 

correctly defined (TN) divided by the total number of patients who were thought to 

have no residual disease after debulking surgery (TN + FN) (Figure 2). Individual study 

results are presented graphically by plotting the estimates of sensitivity and specificity 

if possible and negative predictive values (and their 95% confidence intervals). All plots 

were done using RevMan 5.2 and Excel. Analyses were done in Excel and SAS statistical 

software (SAS Institute Inc, Cary, NC, USA).

investigations of heterogeneity

The main sources of heterogeneity in diagnostic accuracy we expected to encounter 

were likely to be related to differences in the disease stage of patients included in the 

study or to the person performing the laparoscopy or laparotomy, or differences in con-

ventional staging. However, sources of heterogeneity for sensitivity or specificity were 

not investigated because we retrieved only seven studies reporting on six cohorts. For 

example, in only three studies was the performer of the laparoscopy mentioned. We 

did perform investigation for heterogeneity among estimates of NPV and among es-

timates of test positivity. Hereto, we used Cochran’s Q-test and used the I2 to estimate 

the amount of heterogeneity.[17] We decided not to pool data if there turned out to 

be significant heterogeneity, based on the results of Cochrane’sQ-test (P value < 0.05 

was considered to be statistically significant). The Q-statistic was based on the weight 

(1/variance) and the logit of the negative predictive value of each study, estimate in a 

univariate model (only test negatives counted), because for most of these studies there 

were not enough data to do this in a bivariate model.
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sensitivity analyses

The most important form of bias that we expected to encounter was (both partial and 

differential) verification bias. However, sensitivity analyses could not be performed be-

cause too few studies were retrieved. 

Assessment of reporting bias

Tests to detect publication bias are currently used for systematic reviews of clinical trials. 

However, similar tests have not been designed for reviews of diagnostic studies and in the 

absence of appropriate methodology, publication bias was not explored in our review.

results

results of the search

We identified 1972 citations from the electronic searches in MEDLINE, 2693 citations 

from EMBASE, and 60 from the Cochrane Central Register of Controlled Trials (CENT-

RAL). Searching MEDION, the Science Citation Index and Conference Proceedings Cita-

tion Index did not lead to any additional citations. The references of relevant reviews 

and primary diagnostic studies were checked. After initial evaluation, 16 full papers 

were retrieved, seven of which were finally considered eligible for the review. There 

were no disagreements between the review authors on studies eligible for the review. A 

summary of the search results, including the main reason for excluding papers is presen-

ted in Figure 3. Main reasons for exclusion were if studies did not report on diagnosis of 

unresectable disease or if they were not diagnostic studies (Characteristics of excluded 

studies). Furthermore, we retrieved one congress abstract for which the full article was 

available and was used in this review. No case-control studies were identified by our 

search. Two studies reported on validation of an earlier developed prediction model. 

Because this model was based on diagnostic laparoscopic criteria only, it was evaluated 

as a diagnostic test. Details of all included studies on the design, setting, population, 

target condition and reference standard of each included study can be found in the 

Characteristics of included studies (Appendix 4).

methodological quality of included studies

The results of the quality assessment are presented in Figure 4 and Figure 5 for the 

seven included studies. No study was judged as low risk of bias and low concern regard-

ing applicability in all domains. Every study was judged on one domain to be at high or 

unclear risk of bias or having concerns regarding applicability. Except for two studies 

[18;19], in which a laparotomy was performed in all patients, all studies had a high risk 

of bias concerning flow and timing. However, these two studies have high concerns 

regarding applicability in the patient domain, because they included not solely patients 

before primary debulking, but also before interval debulking surgery and surgery for 

recurrence. Unfortunately it was not possible to analyze the primary debulking group 

of these two studies separately. The study by Vergote et al [20] was judged at high risk 
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of bias and high concern of applicability on more then one domain. There were concerns 

about bias because not all the patients received the reference test, but also high concern 

about bias and applicability because there was not a clear description of test positivity 

or threshold used at laparoscopy. In the studies of Angioli et al.[21] and Brun et al.[22], 

the threshold for test positivity of the index test was based on a prediction rather than 

presence of predefined criteria, therefore, these two studies were judged as unclear in 

risk of bias for index test. Although in all studies the result of the reference standard was 

interpreted with the knowledge of the result of the index test, the risk of bias concern-

ing the reference standard was scored as low. Not only was an explorative laparotomy 

performed in all index test negative patients to judge the extensiveness of disease, but 

also all the women judged as operable underwent debulking surgery. Therefore a true 

conclusion about the resectability of the tumour deposits could be drawn at the end of 

the surgical intervention. Because a primary debulking surgery leaving no or less than one 

cm of residual tumour is associated with a better prognosis, it is likely that all women, who 

were thought at laparotomy to be operable, underwent an attempt at debulking surgery.

figure 3. Study flow diagram: Results of the search for studies evaluating the diagnostic accuracy of lapa-
roscopy to determine resectability of disease in patients who are suspected of advanced ovarian cancer and 
planned for primary debulking surgery after conventional staging
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figure 4. Risk of bias and applicability concerns graph: review authors’ judgements about each domain 
presented as percentages across included studies

figure 5. Risk of bias and applicability concerns summary: review authors’ judgements about each domain 
for each included study



139 Laparoscopy for residual disease in advanced ovarian cancer

8.

findings

We identified seven studies, describing six cohorts of patients, evaluating laparoscopy 

as a diagnostic test for extensiveness of disease in advanced ovarian cancer patients. 

Two studies described the validation of a prediction model based on laparoscopic dis-

ease criteria.[23;24] These two studies were included in the final analyses because they 

had a clear cut-off for test-positivity based only on criteria which were diagnosed using 

a diagnostic laparoscopy. The prediction model validation study of Brun et al.[23] used 

the same population as described in the study of 2009.[22]

In total, 364 women suspected of primary advanced ovarian cancer after conventional 

work-up (range 15 to 113), who had a diagnostic laparoscopy to evaluate the possibility 

of primary debulking surgery were included in the studies. Two studies also included 

women undergoing laparoscopy prior to interval debulking surgery or surgery for recur-

rent disease (41 and three patients respectively)[18;19], therefore, the total number of 

included patients in all studies was 408. In all studies 179 patients were at laparoscopy 

diagnosed with unresectable disease. In four studies the index test positive patients 

(those who were thought to have too extensive disease to achieve residual disease of 

less than one cm at surgery did not undergo a laparotomy), thus 113 patients were not 

verified. Only two studies performed a laparoscopy and laparotomy in all included pa-

tients. In these two studies all women who were diagnosed at laparoscopy with disease 

that was too extensive to be resected at debulking surgery were diagnosed as indeed 

having unresectable disease at laparotomy. These patients could have been treated with 

neoadjuvant chemotherapy straight away as shown in Figure 1. The specificity of lapa-

roscopy in both studies was therefore 1, meaning that all women in whom the tumour 

could be successfully resected, showed not too extensive spread of tumour at laparos-

copy. Sensitivity of laparoscopy in these two studies was 0.71 (95%confidence interval 

(CI) 0.44 to 0.90) and 0.70 (95% CI 0.57 to 0.82), which means that of all women with 

unresectable disease, 70% or 71% indeed showed too much spread of the tumour on 

laparoscopy. However, leaving 29% or 30% of women with unresectable disease at 

laparotomy because it was not diagnosed at laparoscopy. Fagotti 2005[18] did not even 

include all women in the analysis because in 13 cases laparoscopy could not diagnose 

the extensiveness of disease. The values given in the study of Fagotti 2005[18] were 

therefore based on only 80% of included cases, resulting in overestimation of sensitivity 

and specificity. Furthermore, 25% of included women in these two studies had laparos-

copy before interval debulking surgery or because of recurrent disease. 

In all studies, patients received a laparotomy when the laparoscopy had a negative 

test result (indicating resectable disease). However, the laparoscopy had a false negative 

test result in 4% to 30% of patients and these patients should not have received a lapa-

rotomy. Data for individual studies are presented in Figure 6. Negative predictive values 

(NPV) ranged from 69% to 96% (Figure 7), meaning that of all women in whom lapa-

roscopy seemed to show that disease that was limited enough to be operated upon, 

69% to 96% indeed had a successful operation afterwards, with no residual tumours 

larger than 1 cm. There was a large difference in the prevalence of negative test result 
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ranging form 36% to 73%, which will have influenced the NPVs. The studies showing 

a high percentage of test negative results of the laparoscopy had a higher NPV(Figure 

8). Because of considerable heterogeneity (Q = 30.32 (P value < 0.001); I2 = 84%), 

NPV’s were not pooled and the low number of studies hindered performing sensitivity 

analyses to correct for differences in reference standard threshold or partial verification.

figure 6. Absolute numbers of all patients, patients who received the reference standard, and false negative 
and true negative test results. Only Fagotti et al. (2004 and 2008) validated all index test results, the other 
studies only verified test negatives.

figure 7. Negative Predictive Values and their 95% CIs for each primary cohort
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The percentage of test-positives (those patients who were thought to have too exten-

sive disease to have successful surgery and could start with neoadjuvant chemotherapy) 

ranged between 27% and 64% and test-negatives ranged between 36% to 73% per 

study (Figure 9). 

Although all studies included women suspected of advanced ovarian cancer, based 

on standard diagnostics, i.e. clinical and/or radiological examination, only one study 

evaluated the additional value of laparoscopy after clinical/radiological diagnostics with 

only clinical/ radiological evaluation.[18] Adding laparoscopy to clinical/radiological 

evaluation resulted in more women considered to have resectable disease but who 

were found not to be operable at laparotomy than when only using clinical/radiological 

evaluation (NPV 89% versus 87%). Heterogeneity between the studies could be caused 

by a difference in the reason to perform a laparoscopy. Deffieux et al. [25] included only 

women in whom the preoperative evaluation of the extent of tumour was unsatisfac-

tory. Fagotti et al.[18;19] instead excluded patients with advanced ASA score and/or 

a large mass reaching the xiphoid because they were thought not to be operable by 

means of standard diagnostics. Another reason for heterogeneity could be due to the 

definition of the target condition, which was either any macroscopic residual tumour or 

deposits of more than 1 cm in diameter. Fagotti 2004, Fagotti 2008 and Vergote 1998 

used resectable disease to less than 1 or 0.5 cm respectively, whereas the rest aimed at 

leaving no macroscopic tumour.[18-20]

There were two studies identified by the search using a cut-off value of test-positivity 

derived from a prediction model using diagnostic criteria for extensiveness of disease 

diagnosed with a laparoscopy. Fagotti et al. 2006 [26] developed a prediction model us-

ing a laparoscopy-based score using almost all women from the cohort of Fagotti 2004.

[18] In this prediction model peritoneal carcinosis, diaphragmatic disease, mesenteric 

disease, omental disease, stomach infiltration, bowel infiltration and liver metastases 

were used as diagnostic criteria. Presence of the disease was scored with two points 

and the total score was used to calculate the Predictive Index Value (PIV). A PIV of eight 

diagnosed too extensive disease. Criteria used to calculate the PIV are also presented in 

the Characteristics of included studies at the Index test section. This prediction model 

was externally validated by Fagotti 2008 in a new and larger cohort; sensitivity in this 

study was 0.70 (95% CI 0.57 to 0.82) and specificity 1.00 (95% CI. 0.94 to 1.00).

[19] Brun et al. 2008 also performed an external validation of the prediction model 

developed by Fagotti et al in 2006[26].[27] Sensitivity was 0.46 (95% CI 0.29 to 0.63) 

specificity was 0.89 (95% CI 0.65 to 0.99). Results from the study of Brun et al. 2008 

could lead to an over- or underestimation because only 26 of 55 women received a 

laparotomy verifying the diagnosis of the laparoscopy.
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evaluable by laparoscopy.
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8.

Discussion

summary of main results

We found only seven studies describing the diagnostic accuracy of laparoscopy to dia-

gnose unresectable disease in advanced ovarian cancer patients at primary debulking 

surgery. Only one study evaluated clinical/radiological diagnostics with clinical/radiolo-

gical and laparoscopic diagnostics. The threshold for test accuracy was based on the 

presence of one or more criteria of unresectability in two studies, on a prediction made 

by the person who performed the laparoscopy in another two studies and one study 

did not describe the threshold used. Two more studies had a threshold for test-positivity 

based on a cut-off value calculated with a prediction model. In the included studies, 

between 27% and 64% of the women were considered to have too extensive disease 

to be referred for laparotomy (the index test positives). The other 36% to 73% were 

considered to be suitable for laparotomy (the test negatives) and they underwent a lap-

arotomy. At laparotomy, between 4% and 31% were found to have residual tumour left 

after surgery, suggesting that they could have been spared laparotomy. The numbers of 

patients who were sent for neoadjuvant therapy, but who should have had debulking 

therapy first (the number of false positives), is not known for most of the studies. The 

two studies that did avoid partial verification[18;19] imply that laparoscopy has a high 

specificity for predicting optimal debulking surgery (leaving residual tumour of not more 

than one cm in diameter). With a sensitivity of 0.70 and 0.71 within these two studies 

it is a promising test. However, in Fagotti et al 2005, 13 women had an uninterpretable 

diagnostic laparoscopy. If these 13 women were added to the index test positive group 

sensitivity and specificity would be 0.78 (95% CI 0.56 to 0.93) and 0.83 (95%CI 0.68 to 

0.93) respectively, resulting in more women not undergoing surgery who could have had 

optimal debulking surgery. When added to the group judged to have no residual disease 

after surgery, sensitivity decreased to 0.52 (95% CI 0.31 to 0.73). 

Because only two studies verified all their included patients using a laparotomy, of all 

168 (46%) patients diagnosed positive at the index test, only 52 were verified. Of these 

52, none were identified as false positive at laparotomy and in all, unnecessary laparoto-

mies could have been prevented. The other 116 patients were treated with neoadjuvant 

chemotherapy straight away. However, because survival is not worse after treatment with 

neoadjuvant chemotherapy [11], we are more interested in the false negative predicted 

patients. These are the patients for whom laparoscopy could prevent unnecessary sur-

gery and who should receive neoadjuvant chemotherapy straight away, but were incor-

rectly subjected to laparotomy. NPV in all seven studies ranged from 69% to 96%, which 

means that of every 100 women referred for surgery after laparoscopy, between four and 

31 will turn out to have too extensive metastases to remove. These patients will have a 

laparotomy that was intended to be avoided by adding the laparoscopy. However, nega-

tive predictive values are influenced by the prevalence of disease in the population that 

is being tested and those studies with a high percentage of test negative patients had a 

high NPV and vice versa. It is not possible to provide a pooled estimate of NPV and two 
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(likely biased) studies providing sensitivity and specificity are inadequate to draw firm 

conclusions. Not only was there a difference in the cut-off of index test positivity, but also 

the endpoint of surgery was different between studies, ranging between 1 cm, 0.5 cm, 

or leaving no macroscopic tumour. This is likely to have contributed to the heterogeneity.

strengths and weaknesses of the review

This review is the first systematic review on the accuracy of a diagnostic laparoscopy in 

the work-up of women with suspected advanced ovarian cancer. We performed an ex-

tensive search addressing all available databases. However, only a small number of studies 

was available on this subject, which precludes performing a meta-analysis and correction 

for factors leading to bias. Unfortunately, only in two studies[18;19]was the reference 

standard performed in all women. Therefore, the data could not be pooled. In addition, 

we were not able to perform a sensitivity of studies. Furthermore, the only two studies 

avoiding verification bias conducted their studies in a heterogeneous population, without 

presenting their results for the primary debulking surgery patients alone. Therefore it is 

not clear if their results would have been the same in a more homogeneous population. 

Another factor that could have introduced heterogeneity was the way in which clinical 

and/or radiological staging in the studies was used for inclusion. All studies performed 

clinical and/or radiological staging before performing a laparoscopy. However only Fag-

otti et al [18;19] in both studies clearly stated that if on radiological findings there was a 

high suspicion of too extensive disease, or if the patient was in a poor condition, women 

were not included in the study. Another study by Deffieux et al. only performed the lap-

aroscopy when earlier diagnostics were not conclusive.[25] Therefore, we were not able 

to draw firm conclusions about the true added value of laparoscopy after clinical and 

radiological evaluation. Another factor for heterogeneity could be due to the difference in 

endpoint of debulking surgery (complete absence of macroscopic disease or residual de-

posits of less than one cm). Finally, methodological quality was judged with QUADAS-2. 

This is the most recent available tool for assessing methodological quality of diagnostic 

accuracy studies. Signaling questions concerning quality of included studies were added 

to adjust the quality tool to make it suitable for this specific review. The overview of study 

quality of Figure 5 shows clearly that none of the studies did not suffer from any kind of 

bias or applicability concern.

Applicability of findings to the review question

The diagnostic performance of an open laparoscopy may seem better than standard dia-

gnostic staging alone. However, based on the results of the studies described in this review, 

laparoscopy should not be a standard procedure in clinical practice. When at laparoscopy 

very extensive disease is diagnosed, this was confirmed by laparotomy. However, after per-

forming a diagnostic laparoscopy some women will have unresectable disease at laparo-

tomy. The question whether diagnostic laparoscopy should be added to the standard work-

up cannot be answered based on the result of currently available studies. In some clinics 

laparoscopy is already a standard intervention in the diagnostic process of women with 
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advanced ovarian cancer. Women, who are diagnosed by laparoscopy with unresectable 

disease, will be treated with neoadjuvant chemotherapy. However, even though some wo-

men, who could be debulked to less than one cm residual disease might not have primary 

surgery if they were assessed laparoscopically, this will not influence survival as neoadjuvant 

chemotherapy and interval debulking surgery is not deemed inferior to primary debulking 

surgery followed by chemotherapy.[11] Based on the results of our review, we are not able 

to show that the proportion of primary debulking surgery leaving more than one cm of 

residual tumour is less if a diagnostic laparoscopy is routinely performed.

Authors’ conclusions

Implications for practice

At the moment, there is no conclusive data that laparoscopy can diagnose the extensiveness 

of disease. When using criteria for unresectable disease no women will have debulking sur-

gery inappropriately withheld. However, there will be some women who will undergo an 

unsuccessful primary laparotomy. Using a prediction model does not increase the sensitivity 

and will result in more patients unsuccessful debulking surgery. No statement can be made 

on whether laparoscopy is more accurate than clinical and radiological diagnostic work-up.

 

Implications for research

Future research should focus on the additional value of a diagnostic laparoscopy and 

whether it can avoid unnecessary primary laparotomy. Clear inclusion and exclusion 

criteria and cut-off values for test positivity should be used to minimize heterogeneity 

and to be able to draw conclusions. The accuracy of clinical/radiological diagnostics 

compared to clinical/radiological diagnostics and additional laparoscopy should be eval-

uated with clear predictive values.

A randomised controlled trial is ongoing, aimed at evaluating the additional value 

of laparoscopy to avoid primary debulking surgery leaving residual tumour of more 

than 1 cm in women with advanced ovarian cancer, (NTR 2644) [28] and we await 

the results. As patients with bulky and unresectable disease who can not be operated 

to small residual disease at primary debulking surgery do not have a worse prognosis 

when treated with neoadjuvant chemotherapy, evidence is needed for how we should 

appropriately select patients and avoid undue morbidity.
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summArY of finDinGs

To determine if adding an open laparoscopy to the diagnostic work-up of patients suspected of advanced
ovarian cancer is accurate in predicting resectability of disease? 
Population: Patients suspected of advanced ovarian cancer 
Prior testing: Standard diagnostic work-up consisting of clinical and radiological evaluation 
index tests: Open diagnostic laparoscopy after conventional work-up. 
target condition: Tumour which could not be resected at laparotomy (extensive disease) 
reference standard: explorative laparotomy. 
studies: Cohort studies (5) and development/validation prediction model (n=3)

cut off test-
positivity 
laparoscopy

sensitivity  
range of 
estimates

specificity  
range of 
estimates

Prevalence 
of positive 
test result
(range)

Prevalence 
of 
negative 
test result
(range)

negative 
Predictive 
Value
(range)

number of 
participants

Quality
(QuADAs)

Prediction 
of surgery 
result based 
on different 
criteria of 
unresectability 
or estimation 
5 studies, 
no pooled 
analysis

0.70 to 
0.71*

1.00*
41%

(27-64%)
56% 

(36-73%)
69-96% 295

High risk of 
bias1

Applicability 
concers2

PiV≥8

3 studies, no 
pooled analysis

0.30-0.70 0.89-1.00 28% 
(10-40%)

72%  
(65-90%)

44-76% 165

Low Risk of 
Bias 
High 
concerns 
Applicability2

* Only two studies performed the reference standard in all patients, sensitivity and specificity are based on 
these two studies
1 Four studies did not perform the reference standard in test-positive patients
2 Applicability concerns based on inclusion of not only patients planned for primary cytoreductive surgery or 
conventional diagnostic work-up not conclusive
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8.

APPenDices

1 meDline seArch strAteGY  

1   exp Ovarian Neoplasms/ 
2   Fallopian Tube Neoplasms/ 
3   ((ovar* or fallopian tube*) adj5 (cancer* or tumor* or tumour* or adenocarcinoma* or carcino* or 
cystadenocarcinoma* or choriocarcinoma* or malignan* or neoplas* or metasta* or mass or masses)).tw,ot. 
4   (thecoma* or luteoma*).tw,ot. 
5   1 or 2 or 3 or 4 
6   exp Laparoscopy/ 
7   laparoscop*.tw,ot. 
8   celioscop*.tw,ot. 
9   peritoneoscop*.tw,ot. 
10 abdominoscop*.tw,ot. 
11 6 or 7 or 8 or 9 or 10 
12 5 and 11 
13 exp animals/ not humans.sh. 
14 12 not 13 

2 embAse search strategy  

1   exp ovary tumor/ 
2   uterine tube tumor/ 
3   ((ovar* or fallopian tube*) adj5 (cancer* or tumor* or tumour* or adenocarcinoma* or carcino* or 
cystadenocarcinoma* or malignan* or neoplas* or metasta* or mass or masses)).tw,ot. 
4   (thecoma* or luteoma*).tw,ot. 
5   1 or 2 or 3 or 4 
6   exp laparoscopy/ 
7   laparoscop*.tw,ot. 
8   celioscop*.tw,ot. 
9   peritoneoscop*.tw,ot. 
10 abdominoscop*.tw,ot. 
11 6 or 7 or 8 or 9 or 10 
12 5 and 11 
13 (exp Animal/ or Nonhuman/ or exp Animal Experiment/) not Human/ 
14 12 not 13 

3 centrAl search strategy  

#1   MeSH descriptor Ovarian Neoplasms explode all trees 
#2   MeSH descriptor Fallopian Tube Neoplasms, this term only 
#3   ((ovar* or fallopian tube*) near/5 (cancer* or tumor* or tumour* or adenocarcinoma* or carcino* or 
cystadenocarcinoma* or malignan* or neoplas* or metasta* or mass or masses)) 
#4   thecoma* or luteoma* 
#5   (#1 OR #2 OR #3 OR #4) 
#6   MeSH descriptor Laparoscopy explode all trees 
#7   laparoscop* 
#8   celioscop* 
#9   peritoneoscop* 
#10  abdominoscop* 
#11  (#6 OR #7 OR #8 OR #9 OR #10) 
#12  (#5 AND #11) 
 key: tw,ot =textword, original title
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4 chArActeristics of incluDeD stuDies

Angioli 2005

Patient sampling Retro- or prospective enrolment not known

Patient 
characteristics 
and setting

Sample size: 87 patients 
Mean age: 58 years (range 19-79) 
Presentation: Patients with primary ovarian cancer FIGO Stage IIIC/IV, good 
nutrition status, WHO < 2, no contraindications for surgery, evaluation for optimal 
primary debulking surgery (RT= 0) 
Diagnostics before index test: physical/gynaecological examination, 
ultrasonography, CA 125, CT abdomen/pelvis, Thorax x-ray/CT 
Kind of surgery: PDS 53; IDS 25: No debulking surgery: 9

Index tests

Open diagnostic laparoscopy; examination of the whole abdominal cavity, biopsies 
for frozen section, performed by gynaecological oncologist. If judged resectable 
direct cytoreduction 
Cut-off test-positivity: prediction of complete absence of disease after cytoreduction 
Complications of index test: trocar metastasis 2 cases (6%), intraoperative 
complication 1 (3%)

Target condition 
and reference 
standard(s)

Target condition: possibility of leaving no macroscopic disease at debulking surgery 
Criteria for target condition: extensive peritoneal carcinomatosis/involvement 
of bowel mesentery/bulky disease diaphragm/ multiple liver metastases/heavily 
bleeding tumoral tissue 
Reference standard: Laparotomy. 
Test operators: gynaecological oncologist Percentage of patients reference 
standard performed: 61%  
Unresectable disease at laparotomy: 2

Flow and timing Time between reference standard and Index test: 0 day.

Notes

87 patients had a laparoscopy, 53 where indicated to be operable. Of these 
51 had operable disease at laparotomy and 2 not. The other 34 patients were 
treated withNACT and 25 received an interval debulking surgery after 3 courses of 
chemotherapy

brun 2008

Patient sampling Retrospective study

Patient 
characteristics 
and setting

Sample size: 55 patients 
Diagnostics before index test: physical/gynaecological examination, abdominal 
ultrasound, CA125, CT abdomen/pelvis, thorax x-ray/CT, routine blood test. 
Mean age: 61 years; (range 21-88) 
Presentation: Patients suspected of ovarian cancer FIGOIII-IV without 
contraindication for surgery 
Kind of surgery: 26 patients PDS 
Setting: Hospital Tenon, France.

Index tests

Diagnostic laparoscopy; examination of uterus and ovaries, peritoneal surfaces, 
paracolic gutters, small bowel and mesentery, liver surface, omentum, diaphragm, 
large bowel 
Cut-off test-positivity: PIV of 8 or more 
Complications of index test: none reported

Target condition 
and reference 
standard(s)

Target condition: residual disease of more than 1 cm after surgery Criteria for 
target condition: no extensive peritoneal carcinomatosis/ involvement of bowel 
mesentery/bulky disease diaphragm/unresectable upper abdomen metastases 
Reference standard: Laparotomy. 
Test operators: gynaecological oncologist 
Percentage of patients reference standard performed: 26/55 
Unresectable disease at laparotomy: 8 (of 26 operated) (29 NACT)

Flow and timing Reference standard performed after index test, time between treatment not mentioned

Notes
Retrospective external validation of the prediction model of Fagotti 2006. This was 
done in the same population as described in Brun 2009.
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brun 2008

Patient sampling Retrospective study

Patient 
characteristics 
and setting

Sample size: 55 patients 
Diagnostics before index test: physical/gynaecological examination, abdominal 
ultrasound, CA125, CT abdomen/pelvis, thorax x-ray/CT, routine blood test. 
Mean age: 61 years; (range 21-88) 
Presentation: Patients suspected of ovarian cancer FIGOIII-IV without 
contraindication for surgery 
Kind of surgery: 26 patients PDS 
Setting: Hospital Tenon, France.

Index tests

Diagnostic laparoscopy; examination of uterus and ovaries, peritoneal surfaces, 
paracolic gutters, small bowel and mesentery, liver surface, omentum, diaphragm, 
large bowel 
Cut-off test-positivity: PIV of 8 or more 
Complications of index test: none reported

Target condition 
and reference 
standard(s)

Target condition: residual disease of more than 1 cm after surgery Criteria for 
target condition: no extensive peritoneal carcinomatosis/ involvement of bowel 
mesentery/bulky disease diaphragm/unresectable upper abdomen metastases 
Reference standard: Laparotomy. 
Test operators: gynaecological oncologist 
Percentage of patients reference standard performed: 26/55 
Unresectable disease at laparotomy: 8 (of 26 operated) (29 NACT)

Flow and timing Reference standard performed after index test, time between treatment not mentioned

Notes
Retrospective external validation of the prediction model of Fagotti 2006. This was 
done in the same population as described in Brun 2009.

brun 2009

Patient sampling Retrospective study

Patient 
characteristics 
and setting

Sample size: 55 patients
Mean age: 62 years (range 21-88)
Presentation: Patients with primary ovarian cancer FIGO stage III/IV, no contraindication for 
surgery or malnutrition, evaluation for PDS
Diagnostics before index test: physical/gynaecological examination, CA 125, CT abdomen/pelvis,
Thorax x-ray/CT, routine blood test
Kind of surgery: PDS 26; IDS 26: No debulking surgery 3
Setting: Department of gynaecology hospital Tenon, Paris, France

Index tests

Open diagnostic laparoscopy performed by 7 surgeons, 3 gynaecological oncologists, 4 non-
gynaecological surgeons. Frozen section of tumour/metastasis. In case of operability direct 
cytoreduction by laparotomy
Cut-off test-positivity: absence of visible residual tumour was considered feasible
Complications of index test: 1 trocar metastasis occurred in PDS group (2%)

Target condition 
and reference 
standard(s)

Target condition: macroscopic residual tumour.
Criteria for target condition: extensive peritoneal carcinomatosis/involvement of bowel 
mesentery/ bulky disease diaphragm/unresectable upper abdomen metastases
Reference standard: Laparotomy.
Test operators: gynaecological oncologists and general gynaecologists
Percentage of patients in whom reference standard performed: 47%
Unresectable disease at laparotomy: 12

Flow and timing Time between reference standard and Index test: 0 day

Notes

Same population as Brun 2008. 52 patients had a diagnostic laparoscopy. 26 of these 
patients were considered suitable for laparotomy. However 8 had more than 1 cm of 
residual disease left after laparotomy. The other 26 patients received NACT and interval 
debulking surgery.  Cytoreduction only when absence of visible residual tumour was 
considered feasible

Deffieux 2006

Patient sampling cross-sectional study, enrolment not reported

Patient 
characteristics 
and setting

Sample size: 15 patients
Mean age: 54 years (range 37-75)
Presentation: Patients with primary ovarian cancer FIGO stageIIIC/IV suspected of 
peritoneal carcinomatosis and in whom preoperative evaluation was unsatisfactory 
to define the possibility of achieving a complete cytoreduction, no massive disease at 
diaphragm/xiphoid or liver pedicle, planned for PDS
Diagnostics before index test: physical/gynaecological examination, CT abdomen/pelvis, 
Thorax xray/CT
Kind of surgery: PDS 11; IDS 0 No debulking surgery 4
Setting: Department of gynaecology hospital Tenon, Paris, France

Index tests

Open diagnostic laparoscopy; examination of the whole abdomen, focus on involvement 
of small bowel, liver pedicle and upper right diaphragmatic dome. Cut-off test-positivity: 
having one or more of the criteria for unresectability
Complications of index test: none

Target 
condition 
and reference 
standard(s)

Target condition: unresectable carcinomatosis
Criteria for target condition: involvement of bowel mesentery/bulky disease diaphragm/
massive involvement of liver pedicle
Reference standard: Laparotomy.
Test operators: not reported
Percentage of patients in whom reference standard performed:73%
Unresectable disease at laparotomy: 1

Flow and timing Time between reference standard and index test: 0 day.

Notes
15 patients underwent diagnostic laparoscopy, of these 11 were considered operable. 
Ten of the patients were indeed successfully operated and one had too extensive disease. 
The other four  patients were treated with NACT
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fagotti 2004

Patient sampling Prospective study

Patient 
characteristics 
and setting

Sample size: 64 patients
Mean age: 57.4 years (+/- 12,7)
Presentation: Patients undergoing surgery for a suspected advanced ovarian or peritoneal 
cancer, exclusion advanced ASA or very largemass reaching xiphoid/occupying the 
abdominal wall or cavity. Included also if on radiologic and clinical criteria suspected of 
unresectable disease
Diagnostics before index test: physical/gynaecological examination, ultrasonography, CA 
125, CT abdomen/pelvis, Thorax x-ray/CT
Kind of surgery: All patients received explorative laparotomy. Performed before: PDS 42; 
IDS 19;
recurrence: 3

Index tests

Open diagnostic laparoscopy, investigating frozen pelvis, omental cake, diaphragmatic or 
peritoneal extensive carcinomatosis, tumour diffusion to the large and small curvature of 
the stomach, large and/or small bowel mesentery disease, spleen and/or liver metastases, 
bulky lymph nodes
Cut-off test-positivity: absence of criteria for un resectability
Complications of index test: none

Target condition 
and reference 
standard(s)

Target condition: resectability of tumour residual of less than 1 cm not possible 
Criteria for target condition: extensive peritoneal carcinomatosis/involvement of bowel 
mesentery/bulky disease diaphragm/ portal triad disease/unresectable upper abdominal 
metastasis
Reference standard: Explorative laparotomy.
Test operators: not reported percentage of patients
Reference stand performed: 100%
Unresectable disease at laparotomy: 23

Flow and timing Time between reference standard and index test: 0 day.

Notes
Not only patients planned for primary surgery, but also planned for IDS or secondary 
surgery because of recurrence. After inclusion and laparotomy FIGO I-II, III-IV 9-42 
respectivily, 6 benign, 7 other tumour

fagotti 2008

Patient sampling Prospective study

Patient 
characteristics 
and setting

Sample size: 113 patients
Diagnostics before index test: physical/gynaecological examination, CA 125, CT 
abdomen/pelvis, Thorax x-ray/CT, Performance status
Mean age: 59 years (range 34-81)
Presentation: Patients suspected of advanced primary ovarian cancer
Kind of surgery: primary (91) or interval debulking (22) surgery
Setting: Division of Gynaecologic Oncology, University hospital, Rome, Italy

Index tests

Eight laparoscopic features investigated as potential indicators of surgical outcome; 
presence of ovarian masses, omental cake, peritoneal carcinomatosis, diaphragmatic 
carcinosis, mesenteric retraction, bowel infiltration, stomach infiltration, liver metastases
Cut-off test-positivity: PIV 8 or more ( based on presence of criteria) 
Complications of index test: none

Target condition 
and reference 
standard(s)

Target condition: possibility of leaving less than 1 cm macroscopic disease at debulking 
surgery
Criteria for target condition: no extensive peritoneal carcinomatosis/no involvement 
of bowel mesentery/no bulky disease diaphragm/ no unresectable upper abdomen 
metastases, good performance status
Reference standard: Laparotomy.
Test operators: gynaecological oncologist
Percentage of patients in whom reference standard performed: 100%
Unresectable disease at laparotomy: 50%

Flow and timing Time between ref standard and indextest not mentioned

Notes
Validation of prediction model developed by Fagotti 2006 in prospective cohort. Also 
patients planned for IDS included in study. Primary and interval debulking patients were 
not separately analyzed
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5 chArActeristics of eXcluDeD stuDies

forest plot sensitivity and specificity calculated from included studies

study Reason for exclusion

Batka 1993 Different outcome

Bristow 2006 No original data shown

Bruhat 1981 No original data shown

Brun 2009a Duplicate data; abstract of congress

Dagnini 1987 Different outcome

Fagotti 2006 
Duplicate data; development of prediction model in study population of Fagotti 2004, 
which is included in the review

Gurrea 2010 No data about evaluation of resectability

Nezhat 2010 No data about evaluation of resectability

Vergote 2003 No original data shown

Vergote 1998

Patient sampling Retrospective study 

Patient 
characteristics 
and setting

Sample size: 77
Diagnostics before index test: radiological examination
Mean age: not mentioned
Presentation: Patients with obvious metastatic disease of ovarian cancer on radiological 
examination, planned for PDS
Kind of surgery: Primary debulking in 28 patients, IDS 31, 18 no surgery
Setting: Division of Gynaecologic Oncology, University hospital, Brussels, Belgium

Index tests
Decision to give NACT of primary debulking with the help of an open laparoscopy
Cut-off test-positivity: not reported
Complications of index test: two port site metastases (3%)

Target condition 
and reference 
standard(s)

Target condition: unresectability leaving more than 0.5 cm of residual tumour
Criteria for target condition: not mentioned
Reference standard: Explorative laparotomy.
Test operators: not reported
Percentage of patients in whom reference standard performed: 36% (28 patients)
Unresectable disease at laparotomy: 21% (6 patients)

Flow and timing Time between ref standard and indextest not mentioned

Notes

Decision to give NACT or PDS in all patients with advanced ovarian cancer, subgroup in 
paper about NACT or PDS retrospectively. 77 patients had a diagnostic laparoscopy. Of 
these 28 underwent a laparotomy and 21 had resectable disease. 49 patients received 
NACT and IDS
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AbstrAct

background

Standard treatment of advanced ovarian cancer is surgery and chemotherapy. The goal 

of surgery is to remove all macroscopic tumour, as the amount of residual tumour is 

the most important prognostic factor for survival. When removal off all tumour is con-

sidered not feasible, neoadjuvant chemotherapy (NACT) in combination with interval 

debulking surgery (IDS) is performed. Current methods of staging are not always accur-

ate in predicting surgical outcome, since approximately 40% of patients will have more 

than one centimetre residual tumour after primary debulking surgery (PDS). In this study 

we aim to assess whether adding laparoscopy to the diagnostic work-up of patients 

suspected of advanced ovarian carcinoma may prevent unsuccessful primary debulking 

surgery for ovarian cancer.

methods

Multicentre randomized controlled trial, including all gynaecologic oncologic centres 

in the Netherlands and their affiliated hospitals. Patients are eligible when they are 

planned for PDS after conventional staging. Participants are randomized between direct 

PDS or additional diagnostic laparoscopy. Depending on the result of laparoscopy pa-

tients are treated by PDS within three weeks, followed by six courses of platinum based 

chemotherapy or with NACT and IDS 3-4 weeks after three courses of chemotherapy, 

followed by another three courses of chemotherapy. Primary outcome measure is the 

proportion of PDS’s leaving more than one centimetre tumour residual in each arm. In 

total 200 patients will be randomized. Data will be analysed according to intention to 

treat.

Discussion

Patients who have disease considered to be resectable to less than one centimetre 

should undergo PDS to improve prognosis. However, there is a need for better dia-

gnostic procedures because the current number of debulking surgeries leaving more 

than one centimetre residual tumour is still high. Laparoscopy before starting treatment 

for ovarian cancer can be an additional diagnostic tool to predict the outcome of PDS. 

Despite the absence of strong evidence and despite the possible complications, laparo-

scopy is already implemented in many countries. We propose a randomized multicentre 

trial to provide evidence on the effectiveness of laparoscopy before primary surgery for 

advanced stage ovarian cancer patients.
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9.

introDuction

Epithelial ovarian cancer (EOC) is the leading cause of death in gynaecologic malig-

nancies. Ovarian cancer is usually diagnosed in an advanced stage, when tumour has 

spread from the ovaries throughout the abdominal cavity or into the liver parenchyma 

and pleural cavity (FIGO stage III or IV respectively). In advanced stage disease many 

patients have multiple tumour deposits spread out over the peritoneum, peritoneal 

carcinosis. Although survival of early stages is high, the survival of advanced stages 

is low. Despite an initial response rate of 80% after first line treatment, recurrences 

occur in 70% of patients, and the expected overall survival is 2 to 4 years.

Standard treatment of patients with advanced disease is primary cytoreductive (de-

bulking) surgery (PDS), intended to remove all visible tumour localizations.[1] Surgery 

is followed by six courses of chemotherapy consisting of Paclitaxel and Carboplatin. 

Result of debulking surgery is the most important prognostic factor for survival.[1-4] 

Leaving no residual tumour gives the best survival. However, if complete resection is 

not possible, the goal of surgery is to achieve at least residual disease smaller than one 

centimetre in diameter. The present rate of patients with residual tumour smaller than 

one centimetre in Europe is only 20-62%.[5,6] In case a tumour deposit of more than 

one centimetre is left at PDS some patients will be operated again after three courses 

of chemotherapy, a so called interval debulking surgery (IDS). Only those patients for 

who PDS was not considered to a maximal attempt by a gynaecological oncologist are 

candidate for this intervention.[7] A PDS leaving more than one centimetre of tumour 

is an unsuccessful laparotomy leading to more morbidity without gain in survival. It 

lengthens hospital stay and time of treatment and increases costs and should therefore 

be avoided.

Computed tomography (CT) is no w used in pr e-operative staging of patients with an 

ovarian tumour for predicting operability and to determine treatment.[8-10] CT criteria 

have been developed which are used to select patients for primary surgery.[9] Bris-

tow et al. developed a model based on 13 criteria, like peritoneal thickening or bowel 

mesentery involvement, achieving an overall accuracy of 93% in predicting successful 

cytoreduction.[11] However, this result could not be achieved using the same criteria 

in another patient population.[12] Recently, Ferrandina developed a predictive score 

based on CT criteria as well as performance status.[9] Depending on the model and 

the predictive score used, 33% to 48% of patients would have had a suboptimal de-

bulking, despite the prediction that complete removal would be feasible. Although CT 

is at present the most predictive procedure, it is not accurate enough to guide clinical 

management.[12,13]

Recently a randomized study of the European Organization of Research and Treat-

ment of Cancer-Gynaecological Cancer Group (EORTC-GCG) and the NCIC-Clinical Tri-

als Group comparing PDS and chemotherapy with neoadjuvant chemotherapy (NACT) 

followed by IDS was conducted. [6] Although survival was comparable in both groups, 

a subgroup analysis showed that patients with metastases with a diameter of less than 
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five centimetre at start of primary debulking have a better prognosis when treated by 

PDS. Emphasizing the fact that PDS should be the standard treatment and that neo-

adjuvant chemotherapy should be reserved to patients in whom optimal debulking is 

deemed not feasible or who can not tolerate the procedure.[6,14] Therefore, selection 

of patients is very important and could be done by using laparoscopy to predict oper-

ability results.[6,15]

Several prospective and retrospective studies have investigated the use of laparoscopy 

to predict outcome of debulking surgery. In a pilot study by Fagotti et al. [16] laparoscopy 

predicted debulking leaving tumour residual more than one centimetre in 100% of cases 

and debulking surgery with no macroscopic tumour left in 89% of cases.[16] With these 

data Fagotti et al. developed a prediction model with accuracy for prediction of unsuc-

cessful debulking between 69% and 75% depending on the cutoff level of the Predictive 

Index Value used.[17] However, validation of this prediction model in another study pop-

ulation by Brun et al. showed that 56% of patients who were thought to have debulking 

until less than one cm of tumour residual underwent a unsuccessful resection.[18] 

Despite the absence of strong evidence and despite possible complications laparo-

scopy is already implemented in many countries. In this respect, we propose a random-

ized controlled clinical trial in which the outcome of PDS after diagnostic laparoscopy is 

compared with the outcome of PDS after standard diagnostic work-up.

objective

The aim of this study is to asses whether diagnostic laparoscopy can prevent unsuccess-

ful debulking surgery in patients with advanced ovarian cancer. This study will also eval-

uate whether adding laparoscopy is costeffective, improves quality of life and generates 

less morbidity in this population as compared to standard diagnostic work-up.

methoDs/DesiGn

trial Design

This study is a multicentre prospective randomized controlled trial in which all nine 

Dutch gynaecological-oncology centres and affiliated hospitals are participating. Pa-

tients with advanced ovarian cancer planned for PDS will be randomized to PDS or an 

additional diagnostic laparoscopy followed by either PDS or NACT and IDS. The rate of 

futile PDS in both groups (Figure 1) will be compared. A debulking surgery is regarded 

futile when the diameter of the largest residual tumour deposition is larger than one 

cm in diameter. The study is conducted according to the principles of the Declaration 

of Helsinki and in accordance with the Medical Research Involving Human Subjects 

Act (WMO) and has been approved by the ethics committee of the Academic Medical 

Centre Amsterdam (ref. no MEC 10/183). The protocol is registered in the Netherlands 

trial register number NTR 2644.
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9.

eligibility criteria

Inclusion criteria patients

Patients with advanced ovarian cancer who are planned for primary debulking surgery 

are eligible for this study. Patients have to be able to give written informed consent and 

aged between 18 and 80 years.

Exclusion criteria patients

Contraindications for PDS are exclusion criteria for this study. These include a WHO 

performance status of ≥ 3 and a large immobile pelvic tumour giving the impression 

that complete debulking is not feasible. Further exclusion criteria are imaging tech-

niques suggestive of intrahepatic metastatic disease of more than one centimetre, ex-

tra-abdominal metastatic disease (excl inguinal lymph nodes or pleural fluid), peri-aortic 

lymphadenopathy larger than one centimetre above the level of the renal veins, ex-

Women suspected of 
ovarian cancer

Primary debulking surgery 
feasible

Randomization

No laparoscopy

Debulking surgery 
not feasible

Debulking surgery 
feasible

Primary outcome: 
futile laparotomy  #

Secondary outcome: 
frequency of complete cytoreductive surgery, survival, 
quality of life, days in hospital, morbidity and costs

Laparoscopy

* = Physical examination, ultrasound, tumor markers, chest X-ray, abdominal CT
#  = Largest residual tumor localization, left behind at the end of cytoreductive surgery, is more than 1 cm in 
diameter.

Debulking surgery feasible: residual tumor after surgery will be < 1 cm 
Debulking surgery not feasible: residual tumor after surgery will be > 1cm 

Conventional staging*

Primary debulking Primary debulking Neoadjuvante 
chemotherapy

figure 1. Flowchart patient inclusion
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tensive peritoneal carcinomatosis at the level of the diaphragm giving the impression 

that surgery leaving no macroscopic tumour residual is impossible and extensive bowel 

mesentery involvement. 

Patient recruitment, randomization and collection of data 

Eligible patients are identified and counseled by the gynaecological staff of participating 

hospitals. Patients suspected of having advanced ovarian cancer are usually referred to 

a general gynaecologist. According to the national guideline for ovarian cancer, appro-

priate treatment as well as timing and localization of surgery will be discussed with a 

gynaecological oncologist from a centre hospital. All patient will undergo conventional 

staging, consisting of medical history, complete physical and gynaecological examin-

ation, ultrasound examination, X-ray and contrast enhanced abdominopelvic CT. CT 

scanning will be performed using the standard equipment in the hospital in which the 

patients will undergo laparoscopy. All CT’s will be evaluated by an experienced radiolo-

gist and will be reviewed by the centre radiologist.

The decision that a patient is eligible for PDS will be made by the gynaecological 

oncologist in collaboration with the referring gynaecologist on the basis of all available 

information. All patients considered to be optimally operable will be offered PDS and 

will be asked to participate in this study. After written informed consent has been ob-

tained, randomization will take place.

Randomization is performed by accessing a central internetbased randomization pro-

gram and is stratified by gynaecologic-oncologic centre hospital. Patients will be ran-

domly allocated in a 1:1 ratio to two groups. The first group will undergo PDS followed 

by chemotherapy and the second group will undergo an additional diagnostic laparo-

scopy. At study entry baseline demographic characteristics, medical history and findings 

of conventional staging are recorded in a case record form (CRF). After randomization, 

but before surgery, patients are asked to fill out a questionnaire consisting of items re-

garding quality of life (EORTC QoL-C30 and QoL- OV28, EQ-5D) and a questionnaire on 

additional homecare (SF-HLQ). The same questionnaires are also asked to be completed 

three months after start of treatment and six weeks upon ending treatment. At local 

centres, data collection is the responsibility of the local participating gynaecologist and 

research nurse. The data collected in this study are coded and processed with adequate 

precautions to ensure patients confidentiality.

interventions

Debulking surgery should take place within 6 weeks after randomization. When pa-

tients receive a laparoscopy this should be done within 3 weeks after randomization. 

After the laparoscopy the decision is made for PDS or NACT with IDS after three courses 

of chemotherapy. The diagnostic laparoscopy will, when possible, be performed by the 

referring gynaecologist in attendance of the gynaecological oncologist. In case the lap-

aroscopy can not be attended by the gynaecological oncologist and the laparoscopy can 

not be performed in the centre hospital, the laparoscopic procedure will be recorded 
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9.

completely. An open laparoscopy has to be performed examining systematically the 

ovaries, fallopian tubes, uterus, pelvic peritoneum, omentum, serosa and mesentery 

of the large and small bowel, spleen, liver surface, paracolic gutters and diaphragm. 

Tumour localizations will be documented in size and position to adjacent structures. 

To confirm diagnosis of ovarian cancer biopsies of tumor localizations will be taken. 

Judgment for incomplete cytoreduction will be made by the gynaecological oncologist 

on the following parameters:

-  Extensive agglutinated intra-abdominal metastatic disease

-  Extensive serosal invasion of the intestines making multiple bowel resections or more 

than 1,5m. of bowel resection necessary in order to reach complete cytoreductive 

surgery.

- Extensive peritoneal carcinomatosis at the diaphragmatic level

After laparoscopy patients will be submitted to either PDS within three weeks, fol-

lowed by six courses of chemotherapy consisting of Paclitaxel and Carboplatin or to 

NACT followed by IDS and subsequent adjuvant chemotherapy. Both primary and inter-

val debulking surgeries will be performed in the center hospital or in the referral hospital 

in collaboration with a gynaecological oncologist according to standard procedures for 

advanced ovarian cancer. The surgeon will describe the localization and diameter of all 

tumor depositions before surgery and of residual tumour in the surgical report upon 

ending surgery. This will be done for 11 abdominal regions. The amount of metastases 

will be classified as 0, 1, 2-10, 11-50 and > 50 tumour deposits. The size of the largest 

metastasis will be categorized into 0 mm, ≤ 10 mm, 11-20 mm, 21-50 mm, 51-100 mm 

and ≥ 100 mm in diameter. Furthermore the surgical procedures, total length of the 

operation and bloodloss will be recorded.

follow-up

As the primary outcome measure is the rate of suboptimal debulking surgery, this will 

be assessed at the end of the surgical intervention. Data for secondary outcomes will 

be assessed peri-operatively, during treatment and at routine follow-up. All data will 

be registered on a case record form (CRF) by the treating physician and checked by the 

research nurse (status review). For the economic evaluation use of health care resources 

is assessed as part of the clinical data collection and additional patient questionnaires. 

The doctor registers resource utilization on a CRF related to the use of operation time, 

duration of hospital ward and ICU stay, additional diagnostic or therapeutic interven-

tions. The questionnaire addresses health related resource use during follow-up, includ-

ing visits to general practitioners and other primary care providers, outpatient visits and 

readmission, home care and informal care. Adverse events will be followed until they 

have abated, or until a stable situation has been reached. Data regarding quality of life 

(QoL-C30, QoL-OV28, EQ-5D,) are assessed with help of self reported questionnaires 

before start of treatment, at 3 months and at the end of treatment.
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outcome measures

Our primary outcome measure is the proportion of debulking laparotomies with a largest 

residual tumour of more than one centimetre in diameter (futile laparotomy).

Our secondary outcome measures will be progression free and overall survival, the 

number of debulking surgery leaving no residual tumour, debulking surgery in which the 

largest residual tumour is less than 1 cm in diameter, costs and quality of life.

 

statistical analysis

Sample size

Considering the present rate of debulking surgeries for ovarian cancer leaving more than one 

centimetre of residual tumour in the Netherlands after conventional staging is to be at most 

40%, we estimate that after laparoscopy this should be less than 20%. With a two sided sig-

nificance level of 0.05 90 patients per arm have to be included to achieve a power of 80%. 

Considering 10% loss to follow-up and protocol violation, we plan to enroll 200 patients.

Data analysis

The results of the randomized trial will be analyzed according to the intention to treat 

principle. Difference in the proportion of futile laparotomies in both arms will be tested 

using a Chi-square test with a two-sided significance level of 0.05. Prognostic value 

of standard staging and staging with laparoscopy will be expressed as sensitivity, spe-

cificity and predictive values. Standard staging and standard staging with laparoscopy 

is considered true positive when subsequent suboptimal debulking surgery is correctly 

identified. Overall survival (OS) and progression free survival (PFS) will be measured from 

the date of randomization to respectively the date of death and first documented date 

of progression. OS and PFS will be calculated in both arms by the Kaplan Meier method. 

Treatment complications will be reported in a contingency table. Quality of life will be 

compared between both treatment arms at various time points. We will make a sub-

group analysis for number of futile laparotomy for each gynaecologic-oncologic centre, 

FIGO stage and size of metastatic tumour seen at laparoscopy or laparotomy.

economic evaluation

The aim of the economic evaluation is to assess whether the laparoscopy can reduce 

the number of futile primary laparotomies and associated costs to an extent that at 

least offsets the costs of this laparoscopy in all eligible patients. A strategy that reduces 

the number of unnecessary laparotomies is considered preferable, even if this does not 

improve survival, also if the costs generated by both strategies are comparable. The eco-

nomic analyses will be conducted from a societal perspective including direct medical 

and direct non-medical costs. Relevant costs components that will be taken into account 

are costs of the laparoscopy and laparotomy, operation time, hospital days, interventions 

for complications and intensive care admission. Indirect costs are associated with home 

care, consisting of both professional care as well as informal care.
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9.

Discussion

Primary debulking surgery with the aim to leave no residual tumour is still considered 

as the standard treatment for patients with advanced ovarian cancer. However, more 

and more patients are submitted to IDS to reassure better surgical results. A complete 

debulking, without any residual tumour after surgery, should be pursued to obtain the 

best prognosis. However, the number of primary surgeries leaving residual tumor of 

more than one cm in diameter, is up to 40%, while during interval debulking surgery 

more often complete resection is achieved, without affecting survival.[19,20]

Selecting patients who benefit from primary debulking surgery, i.e. in whom com-

plete surgery results are possible, should be optimized. In several institutes diagnostic 

laparoscopy is already standard of care to determine further treatment in ovarian cancer 

patients. Prospective and retrospective studies showed that predictability of surgical 

outcome with laparoscopy is better than that of standard diagnostic staging.[16-18,21] 

However, prediction models could not be validated in different populations. Further-

more, laparoscopy is an invasive procedure under general anesthesia with a serious 

morbidity rate of 1‰-5%.[22,23] If laparoscopy before starting treatment is a reliable 

additional diagnostic tool in predicting result of PDS, unsuccessful laparotomies can be 

prevented. This will optimize treatment for the individual patient. To this date no ran-

domized controlled trials have investigated whether additional diagnostic laparoscopy 

prevents unsuccessful laparotomies.
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The work presented in this thesis reports on different aspects of epithelial ovarian 

cancer and on prognostic factors which could guide treatment. We tried to find 

molecular selection markers and to define subgroups based on clinicopathological 

factors. We showed that epithelial cancer is a heterogeneous disease and that the 

different histological subtypes are distinct entities. Furthermore we showed that im-

munological factors as well as several clinical factors influence prognosis. One of the 

most important clinical predictors for survival, residual disease after both primary 

and following interval debulking surgery, is the only prognostic factor which is (at 

least partly) amendable. Due to the difficulty to accurately predict which patients will 

benefit from debulking surgery, we performed studies to optimize current treatment 

selection for primary as well as interval debulking surgery.

Distinct histological subtypes

Although epithelial ovarian cancer is divided into different histological subtypes this has 

only limited impact on choice of treatment strategy. Generally patients are treated with 

cytoreductive surgery and combination chemotherapy with carboplatin and paclitaxel. 

Recently a new grading system was introduced dividing epithelial ovarian cancers in 

two subtypes. The slowly growing so called type I tumours, which evolve from benign 

neoplasms into carcinomas and the type II malignancies, which are more aggressively 

growing and do not evolve from known precursor lesions.[1] The mucinous ovarian can-

cers, which belong according to this grading system to the type I tumours, are clearly 

distinct from other epithelial tumours based on their gene expression profile. Endomet-

rioid adenocarcinomas also present as a separate subtype. Therefore, although high 

grade serous and undifferentiated carcinomas are similar in many respects mucinous, 

endometrioid and clear cell carcinomas can not be regarded as one entity. We were not 

able to validate current prognostic gene expression profiles or to find gene signatures 

associated with survival or response to therapy.

Our results emphasize that morphologically different tumours can be separated based 

on gene expression profiles and that future studies to improve treatment should be per-

formed in homogeneous groups. To accomplish this, collaboration between different 

centres is needed to create sufficiently large patient populations.

Prognostic subgroups

A selection of patients with advanced disease will have a good prognosis, comparable 

to early stage disease whereas others will die very quickly from their disease.[2] To im-

prove current and future therapies, further subclassification is needed.

The prediction model we present in chapter 4 for survival of patients with epithelial 

ovarian cancer allows prediction of an individual’s survival and is able to classify patients 

into risk groups for survival. The worst prognostic group did not contain FIGO stage I 

patients, however in the best prognostic group 34% of patients had advanced stage 

disease. These patients with a FIGO stage III or IV disease had a better prognosis than 

one would predict based on their FIGO stage alone. Thus, the use of other predictors 
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should help to predict survival outcomes more accurately. It emphasises the importance 

to identify which patients will benefit from extensive treatment.

However, accurate assessment of prognosis is not only important for treatment se-

lection. Adequate information about the prognosis is required to let both patient and 

physician equally participate in joint decision making regarding therapy. This process is 

also referred to as “shared-decision-making”.[3] Furthermore, predictions on individual 

prognosis can be used to compare health care providers with differences in case-mix.

[4, 5] For example, academic centres treat more severe patients than general hospitals. 

To compare the results from these different centres, it is necessary to adjust for this 

difference.

However before the model presented in this thesis can be implemented in current 

practice, generalizability has to be tested. When our model performs well at external 

validation it will be a useful tool in medical research and it will help physicians and pa-

tients in shared decision-making.

The difference in survival in patients with morphologically similar tumours could also 

be due to differences in immunological response. In the past decade increased interest 

in the role of tumour immunology in ovarian cancer has been established. Various stud-

ies have shown that ovarian cancer is infiltrated with cells and molecules from different 

parts of the immune system.[6]

The presence of tumour infiltrating lymphocytes in ovarian cancer and the relation-

ship between their presence and the prognosis prove that an interaction between 

ovarian cancer and the immune system exists.[6-8] We evaluated the prognostic value 

of classical and non-classical human leukocyte antigen (HLA) expression in a series of 

histological similar subtypes of epithelial ovarian cancers, the high grade serous and 

undifferentiated tumours. In these subtypes we found that high expression of HLA-G 

is associated with good survival. In other cancers expression of HLA-G has been as-

sociated with poor prognosis possibly attributed by an escape from natural killer (NK) 

cells. Due to this escape tumour cells are not eliminated by the immune system and are 

able to progress. However, in high grade serous and undifferentiated epithelial ovarian 

carcinomas we found the opposite association. One possible explanation is that expres-

sion of HLA-G in this aggressive subtype allows for higher chemosensitivity, eventually 

resulting in less recurrence and a better prognosis.

Prognostic impact of residual disease after surgery

Although therapies have changed in the past decades, survival has improved only 

slightly. Diagnosing the disease in an early stage would be the preferred option for 

improving survival. Yet, no accurate options to achieve this have been found so far. 

Besides the introduction of intraperitoneal chemotherapy, most benefit for improving 

survival up to now has been the improvement of complete surgery results in advanced 

stage disease.[9-11] Multiple studies have shown the survival benefit of optimal cytore-

duction, with the best outcome in patients with absence of macroscopic tumour after 

cytoreductive surgery. On the other hand patients with residual disease after primary 
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cytoreduction will not have a substantial survival advantage from this procedure. These 

patients will probably benefit from an alternative approach with neo-adjuvant chemo-

therapy followed by interval cytoreductive surgery.

Given the enormous benefit of accurate assessment of prediction of residual disease 

after debulking surgery, diagnostic tools and strategies should be optimized. The pre-

diction model presented in this thesis including computed tomography imaging predict-

ors is a step forward. Before it can be implemented in clinical care, further research is 

needed to analyse its generalizability and wider applicability. Although we performed 

external validation to evaluate the models transportability in other populations, some 

investigators emphasize the need for external validation by other researchers. Further-

more, analysis should be performed to establish whether the prediction model improves 

the prediction of the clinician by evaluating the effect on patient outcome. [12,13]

Another approach to optimize current strategies is to use more invasive diagnostic 

tools. We reviewed the literature on diagnostic laparoscopy as an additive diagnostic 

tool. By adding laparoscopy to standard diagnostic work-up using defined criteria for 

unresectable disease, better patient selection for debulking surgery can be achieved. 

However, even when at laparoscopy it is thought that complete debulking is possible, 

there will be some patients who will have unsuccessful primary debulking surgery. Cur-

rent available studies did not answer whether diagnostic laparoscopy improves accuracy 

of standard work-up in diagnosing unresectable disease. Yet, diagnostic laparoscopy is 

already used to guide treatment.

To answer this question we set up a prospective trial, aimed to evaluate the addi-

tional value of laparoscopy in order to avoid unnecessary primary debulking surgery, 

the LapOvCa trial. This trial is a multicentre randomised controlled trial, including all 

gynaecologic oncologic centres in the Netherlands and their affiliated hospitals. Patients 

are eligible when they are planned for primary debulking surgery after conventional 

staging. Participants are randomized between direct primary debulking surgery or ad-

ditional diagnostic laparoscopy. Depending on the result of laparoscopy patients are 

treated with primary debulking surgery within 3 weeks, followed by 6 courses of plat-

inum based chemotherapy or with 3 courses of neo-adjuvant chemotherapy followed 

by interval debulking surgery after 3-4 weeks again followed by another three courses 

of chemotherapy. This trial is currently ongoing and will answer if a diagnostic laparo-

scopy is of additive diagnostic value.

We do not know whether more accurate prediction of surgery result and selection of 

patients by means of these tools will result in improved survival. Therefore future studies 

should focus on survival outcome after implementation of these new strategies.

In summary, individualized care is of utmost importance for patients with epithelial 

ovarian cancer. By defining subgroups differing in prognosis or response to treatment, 

clinical trials can be designed for specific subgroups of patients and allow for the identi-

fication of additional treatment options which will eventually improve survival. 
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Predictive factors in epithelial ovarian cancer 
towards individualized patient care

Ovarian cancer is a disease with a high mortality. Worldwide, approximately 200.000 wo-

men receive a diagnosis of ovarian cancer annually. Most patients with epithelial ovarian 

cancer (EOC) present with advanced stage disease with multiple tumour deposits in the 

peritoneal cavity. Survival of early stages is high, yet, survival of advanced stage disease is low 

with a five year survival of 30%. Despite an initial response rate of 80% after first line treat-

ment with extensive surgery and platinum-based chemotherapy, almost 70% of patients 

have recurrent disease and become resistant to treatment resulting in this high mortality.  

The major problem in the treatment of ovarian cancer is late detection of disease. How-

ever, still no methods have been identified to diagnose ovarian cancer in an early stage. 

Efforts should therefore be made to optimize current treatment protocols. Although it 

is known that ovarian cancer is a heterogeneous disease and response to therapy varies 

greatly, all patients receive the same treatment. In order to improve outcome, treatment 

protocols should be targeted to subgroups, selected based on predicted prognosis and re-

sponse to specific therapies. In this thesis we tried to define prognostic markers to individu-

alize treatment and to improve surgical treatment results of patients with epithelial ovarian 

cancer. In the first chapters we describe how subgroups can be defined based on genetic, 

immunological as well as clinical factors. The last chapters of this thesis focus on the pro-

gnostic value of residual disease and on diagnostic methods to optimize surgery result.

Epithelial ovarian carcinomas are classified into five different histological subtypes: (high 

and low grade) serous, mucinous, endometrioid, clear cell, and undifferentiated carcino-

mas. Several studies have tried to define subgroups within epithelial ovarian cancer based 

on gene expression patterns. Differences in morphology as well as gene mutation pattern 

and molecular characteristics suggest different patterns of development, dividing epi-

thelial ovarian cancer in low grade, slow growing (Type I) and high grade tumours, which 

develop rapidly (Type II). Various studies have found different gene expression signatures 

correlating with different subtypes, response to treatment and survival, however these 

finding have not been validated in other studies. 

In chapter 2 we analysed gene expression patterns of tumour samples of patients 

treated with debulking surgery in the Academic Medical Centre Amsterdam. RNA was ex-

tracted from 90 fresh frozen tumour samples collected at debulking surgery and analysed 

to reveal differences in expression patterns. We were not able to detect gene signatures 

corresponding to treatment response or survival, neither to validate previously published 

signatures associated with survival in our 90 samples. Moreover, it was clear that epithelial 

ovarian cancer consist of distinct subtypes which corresponded to the different histotypes. 

Based on gene expression, mucinous and endometrioid subtypes, which belong to the 

low grade tumours, were clearly separated from the other subtypes. Especially the mucin-
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ous subtype is a separate entity, which can be identified by a select number of genes and 

in particular galactin 4 (LGALS4). High expression of LGALS4 in mucinous tumours has 

been described in an earlier study. Galactin 4 is normally expressed in the epithelial cells of 

the intestines, however the role in epithelial ovarian cancer is not known. Further research 

to the role of LGALS4 in mucinous ovarian cancer should therefore be performed. 

These findings show the differences between the histological subtypes, even between 

the low grade subtypes and emphasize that epithelial ovarian cancer is not one disease 

although originating from one organ. To optimize treatment of ovarian cancer it might 

be beneficial to analyse subgroups separately in future trials. Different gene expression 

patterns might open strategies for targeted therapy. 

In chapter 3, we analysed how human leukocyte antigen (HLA) class I influences pro-

gnosis in high grade serous and undifferentiated carcinomas. Although in general patients 

with advanced disease have a poor prognosis, a significant proportion of patients with 

advanced disease have a good prognosis, comparable with early stage disease. An explan-

ation for these large differences in response to treatment and patient survival might be 

caused by influence of the immune system with the disease process within the different 

subtypes. 

An important mechanism by which the immune system eliminates cancer cells is through 

a cytotoxic T lymphocyte-based response to abnormal peptides presented in conjunction 

with HLA class I antigen on tumour cells. As in other solid tumours like breast, colon and 

cervical cancer, in epithelial ovarian cancer expression of human leukocyte antigens (HLA) 

is associated with prognosis by triggering an adequate immune response against the ab-

errant cells. In contrast to classical HLA, nonclassical HLA expression is thought to play a 

role in immune tolerance of the tumour cell by inhibiting natural killer cell mediated lysis. 

Thereby providing a escape to immune recognition. 

Of 169 epithelial ovarian tumours a tissue micro array (TMA) was constructed and im-

munohistochemical stained for HLA class I. We linked expression of classical (A/B/C) and 

non classical (G/E) HLA to clinico-pathological characteristics and survival.

In contrast to previous studies, expression of one subtype of HLA, the non-classical 

HLA-G, was correlated with improved survival, longer progression free survival and re-

sponse to chemotherapy. To further investigate the impact of HLA-G, HLA-G gene ex-

pression was analysed in 65 corresponding fresh frozen tumours. Furthermore, serum 

available from 50 of the patients analysed within the TMA study, was used to analyse 

soluble HLA-G with an enzyme-linked immunosorbent assay. High gene expression of 

HLA-G was associated with prolonged disease free survival in the corresponding samples. 

Elevated soluble HLA-G serum levels, however, were not correlated to HLA-G protein ex-

pression or gene expression nor with survival. During treatment sHLA-G levels declined, 

however it is not yet known how this influences tumour immunology. It could play a role 

on chemosensitivity, therefore further research should be performed. In conclusion, in 

high grade epithelial ovarian carcinomas, HLA-G expression is an independent parameter 

for improved survival. 



176 Chapter 11

Prediction of the prognosis of an individual patient with EOC is difficult and many pro-

gnostic variables have been proposed. At present, clinicians only use FIGO (Interna-

tional Federation of Gynaecologic Oncology) stage and residual tumour to estimate 

an individual prognosis. This does not give an accurate prediction for the individual 

patient. To explicitly assess the clinical prediction capacity of more prognostic factors a 

prediction model can be used. In chapter 4 we present a prognostic model for 5-year 

survival in women with epithelial ovarian cancer who are treated with debulking sur-

gery and chemotherapy. The model was developed in a population of 840 patients 

with primary epithelial ovarian cancer treated with either primary debulking surgery or 

interval debulking surgery after neo-adjuvant chemotherapy. Prognostic variables which 

were previously described to be correlated with survival were combined and proved to 

be able to give a more accurate prediction for 5 year survival than FIGO stage alone. The 

variables included in this model are FIGO stage, residual tumour, type of surgery, histo-

logy, performance status, age, amount of ascites and presence of a BRCA mutation. The 

model allows prediction of an individual’s survival and is able to classify patients into 

risk groups for survival. The worst prognostic group included no FIGO stage I patients, 

however in the best prognostic group one third of patients had advanced stage disease. 

These patients with a FIGO stage III or IV disease had a better prognosis than one would 

predict based on their FIGO stage alone.

The model was internally validated but needs external validation before it can be used in 

clinical practice. When the model performs adequate in a different population it can be used 

to define subgroups, either for comparison of treatment result or to guide future trials for 

the development of new treatment strategies for specific subgroups of patients with EOC. 

 

The last chapters of this thesis focus on the prognostic influence of residual tumour 

after debulking surgery in advanced epithelial ovarian cancer and to find new diagnostic 

strategies to improve current surgery results.

Nowadays standard treatment of ovarian cancer consists of primary debulking sur-

gery (PDS) followed by six courses of taxane- and platinum-based systemic chemother-

apy. The goal of cytoreductive surgery is to resect all macroscopic tumour or at least to 

reduce the largest tumour residuals to less than a centimetre to optimize prognosis. If 

diagnostic evaluation, consisting of physical examination, ultrasonography, abdominal 

computed tomography (CT-scan), and measurement of serum tumour marker CA-125 

and CEA suggests that it is impossible to accomplish complete cytoreduction or when 

a patient is unable to sustain extensive surgery, interval debulking surgery (IDS) is an 

alternative. IDS implies three cycles of neoadjuvant chemotherapy (NACT) followed by 

cytoreductive surgery and another three courses of chemotherapy. The presence of 

residual tumour after debulking surgery is the only prognostic factor which can be in-

fluenced in patients with advanced ovarian cancer.

In chapter 5 we described the survival and the influence of residual disease after de-

bulking surgery in patients treated in the gynaecologic oncology centres in the North 
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Western part of the Netherlands. We analysed the survival of 689 patients treated with 

debulking surgery for advanced epithelial ovarian cancer by a gynaecologic oncologist 

in the Academic Medical Centre, the Free University Medical Centre and the Anthony 

van Leeuwenhoek Hospital between 1998 and 2010. 

In particular an analysis was performed whether residual disease after IDS influences 

survival. Consistent with previous studies in PDS we showed that residual disease is 

the most important prognostic factor for survival. At PDS all tumour deposits should 

be removed, since leaving any residual disease, even when this are minimal deposits, is 

associated with decreased survival. At IDS however, when it is not possible to remove 

all tumour deposits, one should aim to achieve residuals of less than one centimetre as 

this results in prolonged survival.

According to literature, in up to 60% of debulking surgeries, residual tumour of more 

than one centimetre is left. Therefore, it is essential to find methods to accurately select 

patients who should be treated with primary debulking surgery and those who should 

receive neoadjuvant chemotherapy and IDS instead. 

To identify more accurate tools to guide surgical treatment we investigated if pre-

diction models including computed tomography imaging (CT) or a more invasive dia-

gnostic tool, diagnostic laparoscopy can accurately predict residual disease. Chapter 

6 presents a systematic review of all existing models predicting the chance of residual 

disease after debulking surgery for primary epithelial ovarian cancer using computed 

tomography imaging features. This review shows that multiple prediction models exist, 

however only few are tested in an external population and these perform considerably 

less accurate than in the population in which they were developed. Moreover, only one 

model was build according to predefined methodological strategies. Therefore, prob-

ably none are used in daily practice at this moment. 

All prognostic variables analysed in these studies were collected and those significantly 

associated with residual disease were used to develop a new model to accurately predict 

the risk of residual disease after debulking surgery for advanced epithelial ovarian cancer. 

The model is presented in chapter 7. This model combines easily obtainable computed 

tomography features and WHO performance status. All existing models only predict the 

risk of residual disease of more than one centimetre. We decided not to validate an existing 

model but to develop and validate a new model to asses the risk of any residual disease.  

Candidate predictors identified within our review were scored using CT scans of pa-

tients treated with debulking surgery for advanced epithelial ovarian cancer in the three 

centres of the Centre of Gynaecologic Oncology Amsterdam. In total, 643 CT scans 

were scored by three dedicated radiologists, specialised in gynaecologic oncology. A 

logistic regression model indicated five features to be predictive for any residual disease; 

WHO-performance status, diaphragmal, mesenterial and omental tumour deposits and 

extension of omental disease to surrounding structures. The model had a good discrim-

inative capacity, with a c-statistic of 0.79. A nomogram was developed to increase clin-

ical applicability. The model was externally validated in all patients treated with interval 
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debulking surgery. At external validation the model performed less adequate (c-statistic 

0.64). Therefore we suggest that the model is updated in a different population and 

clinical impact is assessed before incorporating it in clinical practice. If after updating, 

the model performs well it can help the individual surgeon to optimize surgery result 

and aid in shared decision making, thereby providing treatment guidance.

Furthermore, we investigated the roll of diagnostic laparoscopy in treatment guid-

ance. Although laparoscopy is already used to predict resectability of tumour, no 

randomised studies have been performed. Chapter 8 presents a review of exist-

ing literature. The aim of this review was to investigate if laparoscopy is more ac-

curate to diagnose extensiveness of disease than standard staging. If so, an use-

less and unnecessary primary laparotomy can be avoided and these patients can 

start immediately with neoadjuvant chemotherapy followed by interval surgery. 

In total we identified seven studies which reported on six cohorts of patients. In these 

studies 364 patients underwent a laparoscopy to evaluate the extensiveness of disease 

in the abdomen. A limitation of the studies analysed in this review was that only two 

studies performed the laparoscopy and the laparotomy in all patients. If at laparoscopy 

it was thought that removing disease to at least residuals of less than one centimetre 

was not feasible this was correct. The other studies only performed a laparotomy when 

at laparoscopy it was thought that no optimal result was feasible and concluded the 

same. However, even when performing a laparoscopy there will still be patients under-

going unsuccessful primary laparotomy. Due to verification bias, because most studies 

did not perform a laparotomy in all patients, it is impossible to draw conclusion on 

sensitivity of this test. 

All studies concluded that if at laparoscopy it was thought that removing disease to at 

least residuals of less than one centimetre was not feasible this was correct. 

Three studies developed or validated a prediction model including laparoscopy to 

asses the risk of residual disease. These models were developed in the same cohort of 

patients as two of the included studies in the review. Using a prediction model including 

features scored at laparoscopy does not increase the sensitivity of a diagnostic laparo-

scopy and will result in more unnecessarily explored patients, due to a lower specificity.

Because the review was not conclusive we started a randomized controlled trial to 

asses the value of diagnostic laparoscopy in predicting whether PDS will result in resid-

ual disease not exceeding tumour deposits of more than one centimetre in diameter 

after primary debulking surgery. Patients who are eligible for primary debulking sur-

gery after standard work up are randomised to either primary debulking surgery or 

to additional diagnostic laparoscopy to decide between primary surgery followed by 

chemotherapy and neoadjuvant chemotherapy followed by interval debulking surgery. 

The rationale and design of this study, the LapOvCa trial, is presented in chapter 9. 

The study is still ongoing. The results of this trial will answer whether laparoscopy is of 

additional value to the standard diagnostic work-up of patients suspected of advanced 

stage ovarian cancer.
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In summary, epithelial ovarian cancer is a heterogeneous disease. Not only do patients 

respond different to treatment, also molecular differences are present. This study shows 

that based on gene expression profiles the low grade epithelial ovarian cancer are di-

vided in distinct subtypes. Furthermore, within the high grade epithelial ovarian cancer 

a group of patients with a favourable prognosis can be indentified based on expression 

of HLA-G.

We provided evidence that distinct risk groups can be defined using clinical biomark-

ers. The studies described in this thesis, emphasizes that development of new treatment 

modalities should focus on specific risk groups based on molecular and clinical biomark-

ers.
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Voorspellende factoren voor individuele behandeling in  
epitheliaal ovarium carcinoom

Met 1200 nieuwe patiënten en 1000 sterfgevallen per jaar in Nederland is eierstok-

kanker de meest lethale gynaecologische maligniteit. Doordat symptomen pas laat 

optreden en screening niet mogelijk is, wordt bij de meeste patiënten (70%) de ziekte 

pas gediagnosticeerd in een vergevorderd stadium. In eerste instantie reageren pa-

tiënten goed op de behandeling, maar ongeveer 80% van de patiënten krijgt een 

recidief. Hierdoor ligt de overleving van patiënten in het vergevorderd stadium op 

slechts 30%.

De standaardbehandeling is ‘primaire debulking’chirurgie, waarbij de beide eierstok-

ken, de baarmoeder, het vetschort en macroscopische tumordeposities worden verwij-

derd, gevolgd door zes kuren carboplatin/paclitaxel. Als er na de primaire debulking 

macroscopische tumorresten van meer dan 1 centimeter zijn achtergebleven (subopti-

maal), wordt na drie kuren nogmaals een debulking, een zogenaamde intervaldebul-

king, gedaan om de resterende tumor te verwijderen.

Patiënten in een slechte conditie, met uitgebreide metastases of comorbiditeit, wor-

den behandeld met neo-adjuvante chemotherapie gevolgd door een intervaldebulking 

na drie kuren. Hoewel bekend is dat eierstokkanker een zeer heterogene ziekte is, krij-

gen alle patiënten toch ongeveer dezelfde behandeling.

Ondanks verbeteringen in de behandeling, zoals uitgebreidere chirurgie, combinatie 

chemotherapie en intraperitoneale chemotherapie (chemotherapie in de buikholte), zijn 

de overlevingscijfers nauwelijks verbeterd. Zolang er geen mogelijkheden zijn de ziekte 

in een eerder stadium te diagnosticeren, moeten we ons richten op het verbeteren van 

de therapie voor de individuele patiënt.

In dit proefschrift hebben we gezocht naar prognostische factoren voor individuelere 

therapie en naar manieren om de kans van slagen van een chirurgische ingreep beter 

te kunnen voorspellen. In de eerste hoofdstukken worden studies beschreven die laten 

zien dat er verschillende subgroepen van eierstokkanker onderscheiden kunnen worden 

op moleculair niveau of op basis van klinische factoren. De laatste hoofdstukken van dit 

proefschrift beslaan studies over de prognostische waarde van tumorresten na chirurgie 

en diagnostische methoden om het resultaat van chirurgie te voorspellen.

Histologisch gezien bestaat epitheliaal eierstokkanker uit vijf verschillende typen: (laag- 

en hooggradig) sereus, endometrioid, mucineus, heldercellig en ongedifferentieerd 

adenocarcinoom. Diverse studies laten zien dat via genexpressie profielen epitheliaal ei-

erstokkanker in verschillende subgroepen kan worden verdeeld. Verschillen in morfolo-

gie, genexpressie en mutatieprofielen wijzen erop dat het epitheliaal ovariumcarcinoom 

op uiteenlopende manieren kan ontstaan. Binnen het epitheliaal ovariumcarcinoom zijn 

er volgens de studies twee typen tumoren. Type I, laaggradige tumoren, zijn langzaam 
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groeiende tumoren die ontstaan vanuit goedaardige voorlopers en zich ontwikkelen tot 

een maligniteit. Type II-tumoren, hooggradige tumoren zijn agressief en ontwikkelen 

zich snel. Diverse studies beschrijven dat deze tumoren een verschillend genexpressie-

patroon hebben. Het behandelingsresultaat en de overleving zouden verband kunnen 

houden met deze genexpressiepatronen , maar die patronen zijn nooit gevalideerd.

In hoofdstuk 2 beschrijven we de analyse van genexpressie profielen van negentig 

tumoren, die zijn verzameld bij chirurgische ingrepen voor epitheliaal ovariumcarcinoom 

in het Academisch Medisch Centrum (AMC). Wij analyseerden de genexpressie van 

de tumoren om nieuwe klinisch relevante subgroepen te onderscheiden en bestaande 

genexpressiepatronen te valideren. Hiervoor werd het RNA van negentig cryogepreser-

veerde tumoren geëxtraheerd en bewerkt. In onze dataset konden wij geen genexpres-

siepatronen correleren aan overleving of behandelingsresultaat en bestaande genex-

pressiepatronen konden niet worden gevalideerd. Wel vonden wij dat de histologische 

subtypen ook op het niveau van genexpressiepatroon duidelijk verschillen. Aan de hand 

van genexpressieprofielen worden de mucineuze en endometrioide subtypes onder-

scheiden van de andere histologische types. De bevindingen beschreven in dit hoofd-

stuk laten zien dat er niet alleen histologische verschillen zijn tussen de subtypen, maar 

dat die ook op genexpressie niveau terug te vinden zijn. Verder benadrukt deze studie 

dat epitheliaal eierstokkanker een heterogene ziekte is, ondanks dat het carcinoom zijn 

oorsprong heeft in één orgaan. Toekomstige studies moeten zich daarom richten op 

specifieke subtypen.

In hoofdstuk 3 laten we zien hoe de prognose van patiënten met hooggradig sereus 

en ongedifferentieerd ovariumcarcinoom wordt beïnvloed door de expressie van HLA 

klasse I, een groep eiwitten die verantwoordelijk is voor de regulatie van het immuun-

systeem. Patiënten met ovariumcarcinoom in een vergevorderd stadium hebben een 

slechte prognose. Een kleine groep van deze patiënten laat echter dezelfde overleving 

zien als patiënten die behandeld worden voor een ovariumcarcinoom in het vroege sta-

dium. De invloed van immuunsysteem zou dit verschil in overleving kunnen verklaren. 

Kankercellen wijken af van gezonde lichaamscellen, met name door een verschil in ex-

pressie van antigenen op het oppervlak van de kankercellen. Daarom kunnen zij worden 

uitgeschakeld door het immuunsysteem. Humane-leukocytenantigenen (HLA) molecu-

len presenteren eiwitten op het celoppervlak. Als de expressie van de HLA-moleculen 

op kankercellen afwijkt van die op gezonde lichaamscellen, kan het immuunsysteem 

zich richten tegen de kankercellen. Bij eierstokkanker, net als in borst-, darm- en baar-

moederhalskanker, is expressie van HLA geassocieerd met een betere prognose doordat 

het immuunsysteem wordt geactiveerd tegen de niet lichaamseigen cellen.

Wij hebben van 169 tumoren een ‘tissue micro array’ (TMA) gemaakt en immuno-

histochemisch gekleurd met antilichamen tegen HLA klasse I. Vervolgens hebben we 

de expressie van klassiek (A/B/C) en non-klassiek (G/E) HLA gecorreleerd aan klinische 

karakteristieken van de patiënte en haar overleving. We ontdekten dat er verband is 
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tussen expressie van niet-klassiek HLA-G en een betere overleving, langere progressie-

vrije overleving en een betere reactie op chemotherapie. Vervolgens onderzochten wij 

HLA-G-genexpressie en de aanwezigheid van sHLA-G in serum van dezelfde patiënten 

van wie het weefsel gebruikt is voor de TMA. Verhoogde HLA-G-genexpressie bleek 

inderdaad geassocieerd met een langere progressievrije overleving, maar aanwezigheid 

van sHLA-G was niet geassocieerd met een betere overleving. Wel zagen we dat tijdens 

behandeling de serumconcentratie van sHLA-G daalde. Hieruit concludeerden wij dat 

in de hooggradige epitheliale tumoren HLA-G-expressie een onafhankelijke parameter 

is voor betere overleving.

Het voorspellen van een prognose voor een individuele patiënt met eierstokkanker is 

lastig en veel verschillende prognostische factoren zijn bekend. In de meeste geval-

len wordt de prognose gegeven op basis van het stadium (FIGO) en de hoeveelheid 

tumor die niet verwijderd kon worden tijdens de chirurgische behandeling. Met een 

prognostisch model kunnen meerdere variabelen worden gebruikt voor het voorspellen 

van de overleving. In hoofdstuk 4 wordt een model gepresenteerd voor de 5-jaars-

overleving van patiënten met epitheliaal ovariumcarcinoom die behandeld zijn met een 

debulkingoperatie en chemotherapie. Voor de ontwikkeling van het model zijn de ge-

gevens van 840 patiënten met primair epitheliaal ovariumcarcinoom bestudeerd. Alle 

patiënten ondergingen debulkingchirurgie (primair ofwel interval) en chemotherapie. 

De prognostische variabelen die in dit model zijn toegepast, zijn FIGO-stadium, tumor-

resten na chirurgie, type van chirurgie, histologisch subtype, fysieke toestand, leeftijd, 

hoeveelheid ascites en het hebben van een BRCA-mutatie. Het model kan voor de indi-

viduele patiënt een voorspelling geven van de 5-jaarsoverleving. Tevens kan het model 

risicogroepen onderscheiden. Nadat het model de populatie in vier risicogroepen had 

verdeeld, bleek de hoogste risicogroep geen stadium I-patiënten te bevatten. Wel had 

een derde van de patiënten in de laagste risicogroep ziekte in een vergevorderd stadium 

(stadium III/IV). Deze patiënten hadden dus een betere prognose dan op basis van al-

leen hun ziekte stadium werd ingeschat.

Voordat dit model kan worden gebruikt in de kliniek, zal het eerst moeten worden 

gevalideerd met een andere populatie dan die waarmee het is ontwikkeld. Indien het 

model dan nog steeds adequaat de kans op overleving voorspelt, kan het in de praktijk 

worden ingezet. 

De laatste hoofdstukken uit dit proefschrift bevatten studies die de klinische waarde van 

tumorresten na debulkingchirurgie beschrijven en methoden om de uitkomst van een 

chirurgische interventie beter in te schatten. Het doel van zowel primaire debulking als 

intervaldebulking is om alle tumor macroscopisch te verwijderen, of ten minste tot de-

posities van minder dan 1 centimeter in diameter. Dit klinisch beleid is ontwikkeld, aan-

gezien de hoeveelheid tumor na debulking de belangrijkste prognostische factor vormt 

voor overleving. Als er grote tumorresten achterblijven, biedt chirurgie geen voordeel. 

In hoofdstuk 5 beschrijven wij de overleving van alle patiënten die in het Acade-
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misch Medisch Centrum, het Antoni van Leeuwenhoek-ziekenhuis en het VU Medisch 

Centrum tussen 1998 en 2010 chirurgisch zijn behandeld voor een gevorderd stadium 

eierstokkanker. Met name beschrijven we hoe tumorresten na zowel intervaldebulking 

als primaire debulking van invloed zijn op de overleving van deze patiënten. In totaal zijn 

689 patiënten geanalyseerd. Net als in bestaande studies blijkt tumorrest de belangrijk-

ste prognostische factor te zijn voor overleving in deze patiëntenpopulatie. Bij een pri-

maire debulking moet alle tumor macroscopisch verwijderd worden om de overleving 

te verbeteren. Indien bij een intervaldebulking niet alle tumorresten verwijderd kunnen 

worden, moet er naar worden gestreefd dat die resten niet groter zijn dan 1 centimeter. 

In tegenstelling tot bij de primaire debulking heeft dit een positieve invloed op de over-

leving ten opzichte van het achterlaten van grotere tumorresten.

De keuze of patiënten behandeld worden met een primaire debulking of neo-adjuvante 

chemotherapie krijgen, wordt gemaakt aan de hand van bevindingen bij lichamelijk on-

derzoek en beeldvormend onderzoek (zoals echo en CT-scan) en tumormarkers. Deze 

diagnostische middelen zijn echter niet specifiek waardoor bij 28% tot 62% van de 

patiënten de primaire debulking suboptimaal wordt verricht. 

In hoofdstuk 6 en 7 zetten wij uiteen wat de waarde is van predictiemodellen die 

gebruikmaken van een CT-scan voor het voorspellen van tumorresten na debulking. In 

hoofdstuk 6 presenteren wij een overzicht van de bestaande literatuur over predictie-

modellen voor tumorresten na debulkingchirurgie waarbij gebruik wordt gemaakt van 

variabelen die gescoord zijn op een CT-scan. Er zijn veel verschillende modellen ontwik-

keld in de afgelopen jaren, waarvan er enkele ook zijn gevalideerd in een andere po-

pulatie dan waarin ze ontwikkeld zijn. De modellen verliezen echter hun voorspellende 

waarde tijdens deze validatie. Dit verklaart waarschijnlijk waarom geen van bestaande 

modellen momenteel wordt gebruikt in de praktijk. 

De uitkomst van de verschillende modellen is de kans op tumorrest van 1 of meer 

centimeter. Aangezien het duidelijk is dat er gestreefd moet worden naar geen tumor-

resten, hebben wij een nieuw predictiemodel ontwikkeld met de prognostische varia-

belen die wij tijdens het schrijven van ons literatuuroverzicht vonden. Dit model wordt 

beschreven in hoofdstuk 7. Het model combineert vijf kenmerken die op een CT-scan 

makkelijk gescoord kunnen worden, met de fysieke toestand van de patiënt om zo het 

risico op tumorrest in te schatten. Het model is ontwikkeld in een cohort van patiën-

ten die primaire debulking ondergingen. Het model heeft een goede voorspellende 

waarde. Om toepassing in de praktijk makkelijker te maken is een nomogram ontwik-

keld. Vervolgens is het model gevalideerd met een cohort patiënten die een interval-

debulking ondergingen. In deze populatie voorspelt het model minder nauwkeurig of 

er tumorresten achterblijven na de chirurgische ingreep. Daarom raden wij het aan het 

model nogmaals in een andere populatie te valideren en aan te passen, alvorens het in 

de kliniek toe te passen.

Tevens hebben we de waarde van de diagnostische laparoscopie onderzocht. In verschil-
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lende klinieken in binnen- en buitenland wordt een diagnostische laparoscopie verricht 

om de operabiliteit te beoordelen. Het toevoegen van laparoscopie aan de standaard 

diagnostische strategie van patiënten met een ovariumcarcinoom in een gevorderd sta-

dium zou het percentage primaire operaties waarbij tumorresten achterblijven kunnen 

verminderen, waardoor een nutteloze primaire debulking kan worden voorkomen. Aan 

de andere kant is een diagnostische laparoscopie een kostbare, invasieve procedure met 

een gerede kans op complicaties. De voorspellende waarde ten aanzien van de uitkomst 

van chirurgie is echter nooit gerandomiseerd uitgezocht. 

In hoofdstuk 8 staat beschreven hoe we systematisch de bestaande literatuur heb-

ben geanalyseerd naar de toegevoegde waarde van de diagnostische laparoscopie. Na 

een uitgebreide zoekopdracht kwamen zeven studies in aanmerking voor de literatuur-

studie. In deze studies werden in totaal 364 patiënten beschreven die een diagnostische 

laparoscopie ondergingen om de uitgebreidheid van de ziekte in te schatten. Er waren 

slechts twee studies waarin alle patiënten na de laparoscopie ook een laparotomie kre-

gen ondanks dat tijdens de laparoscopie werd ingeschat dat een debulking met tumor-

resten van minder dan 1 centimeter niet mogelijk was. In de meeste studies werd dus 

niet voor alle patiënten getoetst of het oordeel bij de laparoscopie daadwerkelijk correct 

was. Hierdoor kan geen concrete uitspraak worden gedaan over de sensitiviteit van 

deze test. Wel concludeerden alle studies dat indien tijdens laparoscopie de inschatting 

wordt gemaakt dat er na een debulking veel tumor zal achterblijven, dit ook daadwer-

kelijk zo is. Wanneer bij laparoscopie wordt ingeschat dat het wel mogelijk is om tot een 

succesvol chirurgieresultaat te komen, blijkt in sommige gevallen dat laparotomie toch 

niet tot tumorresten van minder dan 1 centimeter leidt. 

Aangezien het reviewartikel geen sluitende conclusies opleverde, hebben we een ge-

randomiseerd onderzoek opgezet naar de voorspellende waarde van de laparoscopie 

in het diagnostische proces voor patiënten met ovariumcarcinoom in een gevorderd 

stadium, de LapOvCa-studie. 

Hoofdstuk 9 gaat over het studieprotocol van het gerandomiseerde onderzoek naar 

patiënten die een primaire debulking ondergaan: bij een groep zal wel laparoscopie 

worden verricht, bij de andere groep niet. De groepen worden via loting samenge-

steld. Voor de patiënten die laparoscopie ondergaan, zal aan de hand daarvan worden 

bepaald of primaire debulking zinvol is. De andere patiënten, die geen laparoscopie 

krijgen, zullen direct primaire debulking ondergaan. 

Het primaire eindpunt van deze studie is het percentage operaties waarbij meer dan 

1 centimeter tumor wordt achtergelaten. Deze studie zal antwoord geven op de vraag 

of laparoscopie aan de standaard diagnostische procedures voor patiënten met een 

ovariumcarcinoom moet worden toegevoegd. 

Concluderend, op basis van de studies die we hebben verricht, bevestigen we dat ei-

erstokkanker een heterogene ziekte is. Patiënten reageren niet alleen verschillend op 

behandeling, maar er zijn ook duidelijke verschillen tussen de type tumoren op mole-

culair niveau. Verder kunnen er specifiek risicogroepen worden gevonden op basis van 
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klinische factoren. Dit benadrukt dat bij de behandeling van patiënten met eierstokkan-

ker hiermee rekening moet worden gehouden. Nieuwe behandelingen zouden daarom 

gericht moeten zijn op subgroepen.
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