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1 General introduction
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Chapter 1

1.1 EPIDEMIOLOGY

With approximately 200,000 new patients each year ovarian cancer accounts for 4% of all can-
cers in women worldwide. Ovarian cancer is the fourth most common cause of cancer-related 
death in women and has the worst prognosis of all gynecologic cancers.1, 2 In the Netherlands 
each year 1100 new patients are diagnosed and approximately 900 women annually die due 
to this disease.3 

1.2 HISTOPATHOLOGY

Eighty percent of the ovarian cancers are of epithelial origin. According to WHO guidelines, all 
epithelial ovarian tumours are subdivided in serous, mucinous, endometroid, clear cell, and 
undifferentiated adenocarcinoma.4 
Differentiation is classified in grade 1 to 3, according to the Silverberg criteria.5

1.3 STAGING

Ovarian cancer is surgically staged according to the International Federation of Gynaecology 
and Obstetrics (FIGO) rules for classification. The staging classification is outlined in table 1 
and figure 1. 6 At the time of diagnosis 70% of the patients will have advanced stage disease, 
defined as FIGO stage IIB-IV.2

1.4 TREATMENT

Treatment of patients with advanced stage epithelial ovarian cancer (EOC) is grounded on 
cytoreductive surgery and paclitaxel/platinum-based chemotherapy. Primary cytoreductive 
surgery aims to resect all macroscopic tumour or at least to lesions <1cm.7, 8 Optimal cytore-
duction is generally defined as residual disease ≤ 1cm. However, several recent studies have 
shown the prognostic importance of resection to no macroscopic residual tumor. 7-9 
Optimal cytoreduction rates range from 40-90%, with a higher rate of optimal cytoreduction 
in patients treated by gynecologic oncologists and when surgery is performed in high volume 
institutions.7, 10 Unfortunately only 20-40% of the patients with EOC actually benefits from this 
optimal treatment.11

Patients with residual disease >1cm after cytoreductive surgery are generally believed to 
have limited survival benefit from this extensive procedure and are probably candidates for 



10

Chapter 1

an alternative treatment approach with neoadjuvant chemotherapy followed by interval 
cytoreduction and consecutive chemotherapy.8, 12-15

Prediction of suboptimal cytoreduction

An accurate preoperative assessment of patients with advanced stage EOC whose disease 
cannot be optimally cytoreduced at primary surgery may facilitate more tailored treatment 
strategies.16 Due to a poor detection of distant metastasis, prediction of suboptimal cytore-
duction by physical examination and ultrasound is limited.17 In order to increase the accuracy 
of the preoperative prediction, many authors have attempted to identify specific predictors for 
suboptimal cytoreduction. Presently available prediction models use clinical and radiographic 
characteristics. Firstly, the pre-operative CA125 level is associated with ability to predict sub-
optimal 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%.18-23 

Secondly, several studies identified computed tomography (CT) scan parameters predictive for 
suboptimal cytoreduction.16, 24-28 Accuracy ranges from 71% to 93%.16, 25, 26 However accuracy 
drops with at least 20% when these models are extrapolated in other patient populations.16, 29 
These poor predictive performances of available predictors and prediction models could be 
explained by their identification in retrospective studies with mixed inclusion criteria and dif-
ferent treatment policies.

Table 1. Carcinoma of the ovary: FIGO nomenclature for staging classification

Stage I Growth limited to the ovaries
Ia Growth limited to one ovary; no ascites present containing malignant cells. No tumor on the external surface; 
capsule intact
Ib Growth limited to both ovaries; no ascites present containing malignant cells. No tumor on the external surfaces; 
capsules intact
Ic a Tumor either Stage Ia or Ib, but with tumor on surface of one or both ovaries, or with capsule ruptured, or with 
ascites present containing malignant cells, or with positive peritoneal washings
Stage II Growth involving one or both ovaries with pelvic extension
IIa Extension and/or metastases to the uterus and/or tubes
IIb Extension to other pelvic tissues
IIc a Tumor either Stage IIa or IIb, but with tumor on surface of one or both ovaries, or with capsule(s) ruptured, or 
with ascites present containing malignant cells, or with positive peritoneal washings
Stage III Tumor involving one or both ovaries with histologically confirmed peritoneal implants outside the 
pelvis and/or positive retroperitoneal or inguinal nodes. Superficial liver metastases equals Stage III. Tumor 
is limited to the true pelvis, but with histologically proven malignant extension to small bowel or omentum
IIIa Tumor grossly limited to the true pelvis, with negative nodes, but with histologically confirmed microscopic 
seeding of abdominal peritoneal surfaces, or histologic proven extension to small bowel or mesentery
IIIb Tumor of one or both ovaries with histologically confirmed implants, peritoneal metastasis of abdominal 
peritoneal surfaces, none exceeding 2 cm in diameter; nodes are negative
IIIc Peritoneal metastasis beyond the pelvis >2 cm in diameter and/or positive retroperitoneal or inguinal nodes
Stage IV Growth involving one or both ovaries with distant metastases. If pleural effusion is present, there 
must be positive cytology to allot a case to Stage IV. Parenchymal liver metastasis equals Stage IV
a In order to evaluate the impact on prognosis of the different criteria for allotting cases to Stage Ic or IIc, it would be 
of value to know if rupture of the capsule was spontaneous, or caused by the surgeon; and if the source of malignant 
cells detected was peritoneal washings, or ascites.
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Since CT and Magnetic resonance imaging (MRI) are equally accurate in detection of tumor 
locations and prediction of suboptimal cytoreduction, MRI generally has no additional value in 
the preoperative work-up of patients with suspected advanced stage EOC.17, 30, 31

Finally, laparoscopy is propagated to be highly accurate in addressing inoperable disease. 
Accuracy ranges from 67% to 96%.32-34 Although possible development of port site metastases 
is thought to be without prognostic significance35, laparoscopy is an invasive procedure and 
reports on its predictive performance describe single centre results and small study popula-
tions. Reports on inter-observer reproducibility are not available. 

Figure 1. Carcinoma of the ovary. Staging ovarian cancer: primary tumor and metastases (FIGO and TNM). (Adapted 
from Heintz et al. (6))
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Postoperative morbidity and mortality

Extensive surgical procedures to achieve maximal cytoreduction are inevitably related to 
operative morbidity and mortality. Postoperative morbidity after primary cytoreductive sur-
gery for advanced stage ovarian cancer is reported inconsistently, without standard definitions 
of postoperative morbidity. Unadjusted morbidity rates range from 11 to 67%.36-46 Postopera-
tive mortality (POM) is generally defined as death from any cause within 30 days of operation. 
Reports on 30-day mortality after primary cytoreductive surgery for ovarian cancer range from 
1 to 6.2 per cent.12, 37, 42, 44, 47 Most of these studies describe small series from single institutions 
and results may be deflated due to selection bias. Predictive parameters for postoperative 
complications after primary cytoreduction for advanced stage EOC are age, performance sta-
tus, co-morbidity and extent of surgery. Alleti et al. developed a prediction model for morbidity 
and mortality after primary cytoreductive surgery for advanced stage ovarian cancer. Albumin, 
ASA and complexity of surgery were identified as predictors for 30-day morbidity. Predictors 
for 3-month mortality were age and ASA.36

1.5 PROGNOSIS

The average 5-year survival rate of women with EOC is 43%; however, up to 65% will eventually 
die from the disease.48 Prognosis depends on FIGO stage and the ability to perform optimal 
cytoreductive surgery.7, 13 Other prognostic factors are performance status, CA125 level, age at 
diagnosis, grade of tumour, histology, presence of ascites and albumin level. 49, 50

1.6 AIM AND OUTLINE OF THE THESIS

This thesis aims to evaluate the value of prediction models in determining treatment strategies 
in patients with advanced stage epithelial ovarian cancer. 
In Chapter 2 the prediction of suboptimal cytoreduction at primary cytoreductive surgery for 
advanced stage EOC will be analysed. We investigate the accuracy and reproducibility of the 
offhand clinical assessment of irresectable disease and develop a predictive model based on 
CT scan and clinical parameters in a prospective multi-institutional observational study. 

Chapter 3 focuses on peri- and postoperative complications in patients with cytoreductive 
surgery for advanced stage EOC. To obtain reference standards for postoperative mortality 
(POM), we perform a systematic review on published POM rates after primary cytoreductive 
surgery for advanced stage EOC. (Chapter 3.1)
To determine causes of 30-day mortality after surgery for EOC all postoperative deaths in the 
South Western part of the Netherlands over a 17-year period are analysed. (Chapter 3.2)
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Prediction models for 30-day morbidity could facilitate prediction of surgical outcome in 
daily clinical practice and can provide objective parameters to identify those patients with an 
increased operative risk who might benefit from alternative treatment approaches. In Chapter 
4 we perform a retrospective analysis in a cohort of 293 patients on peri- and postoperative 
complications after primary cytoreductive surgery for EOC. Predictive parameters for 30-day 
morbidity are identified and a prediction model is generated. In the final part we aim to iden-
tify predictors for progression-free (PFS) and overall survival (OS) in patients with EOC who 
underwent primary cytoreductive surgery followed by first-line paclitaxel/platinum-based 
chemotherapy, with the identified parameters a predictive model for PFS and OS will be gener-
ated (Chapter 5)
The content of this thesis is discussed and recommendations for further research are sug-
gested in Chapter 6.
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ABSTRACT

Objectives: Treatment of patients with an advanced stage epithelial ovarian cancer (EOC) 
is based on cytoreductive surgery and platinum-based chemotherapy. Amount of residual 
disease after primary cytoreductive surgery is an important prognostic factor. Objective of the 
present study was to evaluate the accuracy and reproducibility of preoperative clinical judg-
ment of residual disease after primary cytoreductive surgery and to compare the predictive 
performance of the offhand assessment to the predictive performance of prediction models.
Materials and Methods: Fifteen observers (5 gynecologic oncologists, 5 gynecologists, and 5 
senior residents) were offered preoperative data of twenty patients with advanced stage EOC 
who underwent primary cytoreductive surgery. The observers were asked to predict residual 
disease after cytoreductive surgery (≤1 or >1cm). Their estimation was compared to the per-
formance of two prediction models.
Results: Overall, suboptimal cytoreduction was predicted with a sensitivity of 50% and a 
specificity of 56%. The intraclass correlation coefficient was 0.27. 
Chi-square test showed no significant difference in prediction of suboptimal cytoreduction 
between the different subgroups or prediction models.
Conclusions: Clinical judgment of residual disease after primary cytoreductive surgery in 
patients with advanced stage EOC shows limited accuracy. Given the poor inter-observer 
reproducibility prediction models could attribute to uniform treatment decisions and improve 
counselling.
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INTRODUCTION

Ovarian carcinoma represents 25% of all malignancies of the female genital tract and is the 
most common cause of death from gynecologic malignancies.51The vast majority of patients 
present with advanced stage disease. 
Treatment in advanced-stage epithelial ovarian cancer (EOC) is based on primary cytoreduc-
tive surgery followed by platinum based chemotherapy. The amount of residual disease after 
primary cytoreductive surgery is an important predictor of prognosis.7 Optimal cytoreduction 
is generally defined as residual disease ≤ 1cm, although some authors advocate to change this 
definition in no macroscopic residual tumor.7 

Although optimal cytoreduction has been demonstrated to be a highly significant predictor of 
outcome, the benefit of suboptimal cytoreduction is less evident.13 
Patients with a suboptimal cytoreduction may probably more profit from an alternative treat-
ment approach with neoadjuvant chemotherapy and interval cytoreductive surgery. 12, 15 
An accurate preoperative assessment of patients with advanced stage EOC whose disease 
cannot be optimally cytoreduced at primary surgery may facilitate more tailored treatment 
strategies.16 In order to increase the accuracy of the preoperative prediction, many authors 
have attempted to identify specific predictors for suboptimal cytoreduction. Available predic-
tion models use clinical and radiographic characteristics. First the preoperative CA125 level is 
associated with ability to predict suboptimal cytoreduction. Most studies define a cut off value. 
Accuracy rates range from 50 to 78%. 18-21 
Computed tomographic (CT) scan predictors of suboptimal cytoreductive surgery are dia-
phragm disease, diffuse peritoneal thickening and large bowel mesentery implants. Six studies 
describe the predictive value of a preoperative CT scan. In these studies accuracy ranges from 
71 to 93%. 16, 25, 26, 52 However, external validation of these CT prediction models showed that 
accuracy was not as good as it appeared to be at initial presentation.16 
In view of these data, it is questionable whether the predictive performance of these models 
is superior to the offhand assessment that is made by clinicians when assessing a patient with 
suspected advanced stage ovarian cancer.

The objective of the present study was to evaluate the accuracy and reproducibility of the 
preoperative clinical judgment of suboptimal cytoreduction after primary cytoreductive sur-
gery in patients with advanced stage EOC and to compare the predictive performance of the 
offhand assessment with the predictive performance of prediction models.
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MATERIALS AND METHODS

Patients were recruited from a prospective registration study on treatment of ovarian cancer in 
the South Western part of the Netherlands. This region comprises 1 university hospital, 4 teach-
ing hospitals and 11 non-teaching hospitals serving a population of 2, 4 million inhabitants. 
Patients with advanced stage EOC (FIGO >IIB) who underwent primary cytoreductive surgery 
were eligible for this study. 
During the study period neoadjuvant chemotherapy was not the standard of care and only 
reserved for patients unable to undergo extensive surgical procedures due to a poor physical 
condition or with extensive extra-abdominal disease.
All patients were operated by a gynecologic oncologist with the intention of optimal cyto-
reduction. Cytoreductive surgery was performed using an abdominal midline incision and 
included total hysterectomy, bilateral salpingo-oophorectomy, and omentectomy. Other 
procedures such as bowel resection and lymph note removal were performed if warranted to 
achieve optimal cytoreduction, defined as residual disease 1cm or smaller. 
Histologic finding was classified according to the WHO criteria (2002) and stage of disease was 
determined according to the Federation of Obstetricians and Gynaecologists (FIGO) guide-
lines.53

Between October 2005 and December 2008, 147 women with suspected advanced stage EOC 
were prospectively included. All patients had a Risk of Malignancy Index (RMI) greater than 
200, based on CA125 level, ultrasound examinations and menopausal status.54

Eighteen patients were excluded because final histologic finding was different from EOC. 
Another 7 patients with early stage disease were excluded. Finally, 122 patients with advanced 
stage EOC were available for analysis. The characteristics of the study population are depicted 
in Table 1.

Twenty cases were randomly selected from this dataset and presented to fifteen observers (5 
gynecologic oncologists, 5 gynecologists, and 5 senior residents).
A senior resident is in training to become a gynecologist. The residents participating in this trial 
already finished at least 4 years of the 6-year training program.
Each observer, blinded for surgical outcome, was asked to estimate the outcome of primary 
cytoreductive surgery for each patient. This prediction was categorized in residual disease ≤ 1 
or > 1cm. The clinical judgment of surgical outcome was compared to the achieved result at 
primary cytoreductive surgery.

Case histories described a complete preoperative work-up. 
Standard preoperative work-up of the cases consisted of the patient’s history, physical exami-
nation (including vaginal examination) and transvaginal sonography. 
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Subsequently, a preoperative abdominal CT scan was performed within 4 weeks before primary 
cytoreductive surgery. A standard CT scanning protocol was used. With oral and intravenous 
contrast images with a 5mm collimation area were obtained. 
The observers received a written description of transvaginal sonography and CT scan results, 
and could review the preoperative CT scan themselves
Blood samples for measurement of CA125, blood platelet count, hemoglobin, and albumin 
serum concentrations were withdrawn within one week prior to surgery. Cancer antigen 125 
was assessed by enzyme immunoassay (Roche E170) using a sandwich method with chemo 
luminescence (Roche Diagnostics BV, Almere, the Netherlands). Serum levels of albumin were 

Table 1. Characteristics of the complete dataset of patients with advanced stage EOC who underwent primary 
surgery between October 2005 and December 2008. For the present study twenty cases were randomly selected from 
this dataset. TH-BSO=Total hysterectomy and bilateral-salpingo-oophorectomy.

Characteristics of the Study Population
Number of patients 122

Age (years)

Median 61

Range 15-84

FIGO stage, n (%)

IIB 6 (4.9) 

IIC 1 (0.8)

IIIA 5 (4.1)

IIIB 10 (8.2)

IIIC 79(64.8)

IV  21(17.2)

Histologic grade, n (%)

I 27 (22.1)

II 31 (25.4)

III 64 (52.5)

Histologic classification, n (%)

Serous  87 (71.3)

Other 35(28.7)

Operative procedure, n (%)

  TH-BSO 98 (80.3)

  Omentectomy 93 (76.2)

  Pelvic lymphadenectomy  3 (2.5)

  Para-aortic lymphadenectomy 3 (2.5)

  Pelvic peritoneum stripping 6 (4.9)

  Small bowel resection 5 (4.1)

  Large bowel resection 10 (8.2)

Residual disease, n (%)  

No gross residual disease 34 (27.9)

≤ 1cm 59 (48.4)

> 1cm 63 (52.6)
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assessed by a Hitachi 917 system (Roche GmbH, Mannheim, Germany). The blood platelet 
count and hemoglobin were assessed by a Sysmex XE 2100 system (Sysmex Corporation, Kobe, 
Japan).

Analysis

Sensitivity, specificity, PPV and NPV for prediction of suboptimal cytoreduction were calculated 
for all observers together, as well as for gynaecologic oncologists, general gynaecologists and 
senior residents. The Chi-square test was used to detect significant differences between the 
different subgroups.
Subsequently, the offhand assessment of suboptimal cytoreduction was compared to the 
predictive performance of two previously published prediction models.19, 25

These models were chosen because they were also restricted to patients with advanced stage 
EOC and showed a similar optimal cytoreduction rate.
The first prediction model describes prediction of suboptimal cytoreduction after primary 
cytoreductive surgery based on preoperative CA125 level. In 100 patients with stage III EOC 
and an 45 % optimal cytoreduction rate, a cut-off level of 500 U/ml predicted suboptimal 
cytoreduction with a sensitivity of 78% and specificity of 73%.19, 55

Next a predictive model constructed with 13 CT features and performance status was applied 
to our dataset. This model was developed in 41 patients with stage III/IV disease. Optimal 
cytoreduction was achieved in 20 patients (48.8%). Significant predictors were assigned a 
Predictive index value between 1 and 2. 
A total predictive index score of ≥ 4 predicted residual disease more than 1cm with a sensitivity 
of 100% and a specificity of 85%.25

To assess inter-observer reproducibility intraclass correlation coefficients (ICC) were calcu-
lated.56 The ICC expresses the degree to which the total variance can be attributed to the true 
variance: true differences between subjects. It not only assesses the strength of correlation 
between two measurements but also detects systemic errors.
ICC ranges from 0 to 1. Inter-observer reproducibility or strength of agreement is regarded as 
‘slight’ if the ICC value is between 0 and 0.2, between 0.2 and 0.4 as ‘fair’, between 0.4 and 0.6 as 
‘moderate’, between 0.6 and 0.8 as ‘substantial’ and between 1.0 as almost ‘perfect’.57

The statistical accuracy of agreement depends both on the number of subjects assessed and 
the number of assessors. To limit the burden of individual assessors, we chose to have a rather 
high number of assessors per group (N=5) with a rather modest number of subjects to be 
assessed (N=20).
With this design the width of the 95% confidence Interval would be +/- 0.2 around the esti-
mated value of the ICC.58
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RESULTS

As previously stated all twenty patients selected for this study were diagnosed with advanced 
stage EOC; 1patient was diagnosed with FIGO stage IIC disease, 15 patients with FIGO stage III 
disease and 4 patients with FIGO stage IV disease.
Median age was 60 years (range 31-81 years). Fifteen patients (75%) had ovarian carcinoma of 
serous histology, 1 patient had a clear cell carcinoma, 1 had an endometrioid carcinoma, and 
in 3 patients histologic finding was classified as undifferentiated adenocarcinoma. Optimal 
cytoreduction was achieved in 9 patients (45%).
We received 300 completed questionnaires resulting in a 100% response rate.
Participants used the CT scan in 286 judgements (95%). Laboratory results provided additional 
value in 116 judgments (39%). 
The predictive performance of the offhand assessment by the participating clinicians is listed 
in Table 2. Overall, suboptimal cytoreduction was predicted with a sensitivity of 50% and a 
specificity of 56%. Gynecologic oncologists showed a sensitivity of 45%, and a specificity of 62%, 
whereas sensitivity and specificity for general gynecologists was 62% and 49%, respectively. 
Residents predicted residual disease >1cm with a sensitivity of 44% and a specificity of 56%. 

CA125 level was higher than 500 in 13 patients. This implied a sensitivity of 73% and a specific-
ity of 44% for prediction of suboptimal cytoreduction. 
If residual disease was estimated with a prediction model based on CT predictors, residual 
disease >1cm was predicted with a sensitivity of 55% and a specificity of 44%.
Chi square test showed no significant difference between prediction by the different sub-
groups or prediction models.
The ICC for all participants was 0.27 (95% CI 0.15-0.47). For gynecologic oncologists the ICC 
was 0.23 (95% CI 0.058-0.480). General gynecologists showed an ICC of 0.28 (95% CI 0.097-
0.528) and finally the ICC for residents was 0.18 (95% CI 0.021-0.428). The poor inter-observer 
reproducibility is illustrated in figure 1. For each observer the fraction of true positives (TPR = 
true positive rate) is plotted versus the fraction of false positives (FPR = false positive rate). Each 
point represents the ability to distinguish between an optimal and a suboptimal cytoreduction. 

Table 2. Sensitivity, specificity, PPV and NPV for all observers, gynecological oncologists, general gynecologists and 
residents for prediction of suboptimal cytoreduction. In parentheses the predictive performance as described in the 
original cohort is shown.

Observer Sensitivity
(%)

Specificity (%) PPV 
(%)

NPV 
(%)

Overall (N=15) 50 56 58 48

Gynecological oncologists (N=5) 45 62 59 48

Gynecologists (N=5) 62 49 60 51

Residents (N=5) 44 56 55 45

CA125 (<500U/ml)8 73 (78) 44 (73) 62 (78) 57 (73)

CT scan12 55 (100) 44 (85) 55 (87) 44 (100)
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The closer the point is to the upper left corner (TPR 1, FPR 0, sensitivity 100% and specificity 
100%), the higher the accuracy of the estimation.

DISCUSSION

This study demonstrates a limited predictive performance and a poor inter-observer repro-
ducibility of the preoperative offhand assessment of suboptimal cytoreduction at primary 
cytoreductive surgery in patients with an advanced stage EOC. 

Residual disease after primary cytoreductive surgery is an important prognostic parameter 
in patients with advanced stage EOC.7, 13 This supports maximal efforts to reduce present 
tumor load to minimal residual disease at primary cytoreductive surgery. On the contrary, 
patients with suboptimal cytoreductive surgery will have limited survival benefit from this 
procedure. Although the actual value of an alternative treatment approach with neo-adjuvant 
chemotherapy followed by interval cytoreductive surgery is still under debate, these patients 
in particular are generally thought to be candidates for this strategy.

 

Figure 1. For each observer the fraction of true positives (TPR or sensitivity) is plotted versus the fraction of false 
positives (FPR or one minus specificity).
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Prediction models identifying those patients with a high risk for suboptimal cytoreduction 
could help guiding treatment decisions. Yet, available predictors or prediction models are not 
sufficient enough to guarantee proper management. 
Prediction models based on radiographic and clinical characteristics show accuracy rates rang-
ing from 50 to 93%.16, 19, 20, 25, 26 However accuracy drops when these models are extrapolated 
in other patient populations.16 The poor predictive performance of available predictors and 
prediction models could be explained by their identification in retrospective studies with 
mixed inclusion criteria and different treatment policies.

Laparoscopy is propagated to be highly accurate in addressing inoperable disease. 34 
Although possible development of port site metastases is thought to be without prognostic 
significance35, laparoscopy is an invasive procedure and reports on its predictive performance 
describe single centre results and small study populations. Reports on inter-observer repro-
ducibility are not available. 

The observed poor inter-observer reproducibility of the offhand assessment of suboptimal 
cytoreduction is the main argument to use prediction models in the preoperative assessment 
of patients with suspected advanced stage EOC. This lack of concordance between gynaecolo-
gists is also seen in estimating pregnancy changes in sub fertile couples. 59

Apparently the clinical estimation of the individual physician is often based on subjective 
personal parameters. Improving outcome in advance stage ovarian cancer demands uniform 
selection criteria that can identify patients who benefit from other treatment strategies.

There are several limitations of the current study. First, the lack of statistically significant dif-
ferences in predictive performance could be explained by the small sample size used in our 
study. This design was suitable to determine reproducibility of the offhand assessment and 
limited the burden of the individual assessors. A large prospective multi-institutional study 
is necessary to determine the actual predictive performance of the offhand assessment. Sec-
ond, according to currently used classification guidelines of advanced stage disease, patients 
with FIGO stage IIB and IIC disease were also included. Other studies restrict their analyses 
to patients with bulky disease, defined as FIGO stage IIIC ( with extensive peritoneal disease) 
and IV disease, reflecting to a clear need for a revised sub classification of advanced stage 
disease.60 Although 90% of our included patients were diagnosed with FIGO stage IIIC or IV it 
would have been more appropriate to include only those patients who will need substantial 
cytoreduction. Future studies should limit their inclusion to patients with FIGO stage IIIC (with 
extensive peritoneal disease) and IV.
Finally, although our observers had access to the objective preoperative parameters, such 
as laboratory results and CT-scan results, subjective parameters, most importantly physical 
examination, were only available on paper. Clinical examination can improve the predictive 
performance of the offhand clinical judgement in daily clinical practise.
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An adequate preoperative assessment of operation risk and operability is essential to ensure 
optimal treatment for the individual patient. Predictive models should be able to identify 
patients with irresectable disease. Ovarian cancer is a heterogeneous disease entity therefore 
the perfect prediction model remains an illusion. However large prospective multicentre trials 
should be able to improve performance or identify more accurate predictors. In the future 
computerized patient files will facilitate easily application and updating of institutional or 
regional prediction models.

In conclusion, preoperative clinical judgment of suboptimal cytoreduction at primary cyto-
reductive surgery in patients with advanced stage EOC shows limited accuracy. Given the 
poor inter-observer reproducibility prediction models could attribute to uniform treatment 
decisions and improve counseling.
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ABSTRACT

Objectives: Maximal cytoreduction to minimal residual tumor is the most important determi-
nant of prognosis in patients with advanced stage epithelial ovarian cancer (EOC). Preoperative 
prediction of suboptimal cytoreduction, defined as residual tumor >1cm, could guide treat-
ment decisions and improve counselling. The objective of this study is to identify predictive 
computed tomography (CT) scan and clinical parameters for suboptimal cytoreduction at 
primary cytoreductive surgery for advanced stage EOC and to generate a nomogram with the 
identified parameters which is easy to use in daily clinical practice.
Materials and Methods: Between October 2005 and December 2008 all patients with primary 
surgery for suspected advanced stage EOC at six participating teaching hospitals in the South 
Western part of the Netherlands entered the study protocol. To investigate independent 
predictors of suboptimal cytoreduction, a Cox’ proportional hazard model with backward 
stepwise elimination was utilized. 
Results: One hundred fifteen patients with FIGO stage III/IV EOC entered the study protocol. 
Optimal cytoreduction was achieved in 52 (45%) patients. A suboptimal cytoreduction could 
be predicted by preoperative blood platelet count (P = 0.1990; OR 1.002), diffuse peritoneal 
thickening (DPT) (P= 0.0074; OR 3.021), and presence of ascites on at least two thirds of CT scan 
cuts (P = 0.0385; OR 2.294) with a for optimism corrected c-statistic of 0.67. 
Conclusions: Suboptimal cytoreduction could be predicted by preoperative platelet count, 
DPT and presence of ascites. The generated nomogram can, after external validation, be used 
to estimate surgical outcome and to identify those patients who might benefit from alterna-
tive treatment approaches.
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INTRODUCTION

Worldwide, each year approximately 200,000 women are diagnosed with ovarian cancer. Ovar-
ian cancer accounts for 5% of cancer-related death in women.1

Cytoreductive surgery and Placlitaxel platinum chemotherapy are the cornerstone of treatment 
for advanced stage epithelial ovarian cancer (EOC). Maximal cytoreduction to no macroscopic 
residual tumor is the most important determinant of prognosis. 7, 61 Patients with residual 
disease >1cm after cytoreductive surgery are generally believed to have limited survival ben-
efit from this extensive procedure and are probably candidates for an alternative treatment 
approach with neo-adjuvant chemotherapy followed by interval cytoreduction.8, 12-15

Optimal cytoreduction rates range from 40-90%, with a higher rate of optimal cytoreduction 
in patients treated by gynecologic oncologists and when surgery is performed in high volume 
institutions.7, 10 It is suggested that outcome could be improved by referral of all patients with 
suspected EOC to high volume centres.
Ovarian cancer has an insidious onset and heterogeneous presentation and the vast majority 
of patients will present in a regional, low volume hospital. In order to prevent under treatment 
in a substantial number of patients, an accurate preoperative assessment on resectability and 
operative risk is therefore essential to guarantee proper decision making and management of 
these patients.11, 62 

Several studies identified computed tomography (CT) scan parameters predictive for sub-
optimal cytoreduction at primary cytoreduction for advanced stage EOC.16, 24-27 Accuracy 
ranges between 71 and 93%.16, 25, 26 Each study identifies a different set of CT scan predic-
tors in relatively small single centre data sets with retrospective study designs, resulting in 
a disappointing predictive performance if applied to other patients cohorts. 16, 29 In order 
to determine the actual value of CT scan and clinical predictors we decided to perform a 
prospective multi-institutional study on prediction of suboptimal cytoreduction at primary 
cytoreductive surgery for advanced stage EOC. With this study we aimed to identify CT scan 
and clinical predictors and to generate a nomogram for suboptimal cytoreduction easy to use 
in daily clinical practise.

MATERIALS AND METHODS

Selection of patients and study design

Between October 2005 and December 2008 all patients with primary surgery for suspected 
advanced stage EOC at six participating teaching hospitals in the South Western part of the 
Netherlands entered the study protocol. All patients had a Risk of Malignancy Index (RMI) 
>200, based on CA125 level, ultrasound examinations and menopausal status.54
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Only patients with a histological diagnosis of FIGO stage III/IV EOC who underwent primary 
cytoreductive surgery were eligible for this study. 
During the study period neo-adjuvant chemotherapy was not the standard of care and only 
reserved for patients unable to withstand extensive surgical procedures due to a poor physical 
condition or with extensive extra-abdominal disease.
The study was approved by the Medical Ethical Committee of the Erasmus University Medical 
Center and was performed according to the standards outlined in the Declaration of Helsinki. 

Pre-operative assessments

Demographic data, laboratory results, surgical findings and results were registered in our 
prospectively maintained Ovarian Cancer database.
Standard preoperative work-up of the patients consisted of patient history, physical examina-
tion, transvaginal sonography (TVS) and abdominopelvic CT scan. CT scans were made within 
4 weeks prior to surgery. A standard CT scanning protocol was used. With oral and intravenous 
contrast images with a 5mm collimation area through the abdomen and pelvis were obtained. 
Two study radiologists systematically reviewed all CT scans. The radiologists were blinded to 
the surgical findings and outcome. Discrepancies between the two radiologists were discussed 
until consensus was reached. 
To accurately estimate logistic regression coefficients without overestimation and improve 
predictive performance of our prediction model, we selected a set of earlier reported predic-
tors for suboptimal cytoreduction.63 
From previously published CT scan studies on prediction of suboptimal cytoreduction at 
primary cytoreduction for advanced stage EOC, four CT scan parameters with the best predic-
tive performance were chosen: diffuse peritoneal thickening (DPT), large bowel mesentery 
implants (LBMI), ascites on two thirds of CT scan cuts 
and diaphragm disease. 16, 24-27

DPT was defined as peritoneal thickening to ≥ 4mm involving at least two of the five following 
areas: lateral colic gutters, lateral conal fascia, anterior abdominal wall, diaphragm, and pelvic 
peritoneal reflections, as described by Dowdy et al.26

Blood samples for measurement of CA125, blood platelet count, and albumin serum concen-
trations were drawn within four weeks prior to surgery. CA 125 was assessed by enzyme immu-
noassay (Roche E170) using a sandwich method with chemoluminescence (Roche Diagnostics 
BV, Almere, the Netherlands). The blood platelet count and albumin were assessed by a Sysmex 
XE 2100 system (Sysmex Corporation, Kobe, Japan). Performance status was defined according 
to WHO criteria. 

Treatment regimen

Primary cytoreductive surgery was performed by a gynecologic oncologist using an abdomi-
nal midline incision and included total hysterectomy, bilateral salpingo-oophorectomy, 
omentectomy and resection of all visible and palpable bulky tumor. The aim of this procedure 
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was to resect all macroscopic tumor or at least to lesions ≤1cm. Bowel resection, splenectomy, 
diaphragmatic stripping, partial liver resection and lymphadenectomy were performed if war-
ranted to achieve an optimal cytoreduction, defined as residual disease ≤ 1cm. 

Histo-pathological assessment

Histology was classified as serous, mucinous, endometroid, clear cell, and undifferentiated 
adenocarcinoma. Differentiation was classified in grade 1 to 3, according to the Silverberg 
criteria.5 Subsequently, stage of the disease was determined according to FIGO guidelines.53

Study parameters and outcome measures

Parameters for analysis were the earlier described CT scan parameters, WHO performance 
status, CA125, albumin and blood platelet concentrations. 
Primary outcome measure was suboptimal cytoreduction, defined as residual tumor >1cm.

Analysis

Data analysis, utilizing the software package SPSS 14.0 (SPSS, Chicago, IL, USA), was performed 
on all patients fulfilling in- and exclusion criteria of the study. The Student-t test was utilized 
to compare pre-operative serum concentrations of log CA 125, blood platelet, and albumin 
between the group of patients with suboptimal cytoreduction and those patients with optimal 
cytoreduction. Chi square tests were used to compare the preoperative WHO performance 
status, FIGO stage, presence on CT scan of diffuse peritoneal thickening (DPT), large bowel 
mesentery implants (LBMI), ascites and diaphragm disease between the groups of patients 
with residual disease > 1cm to the group of patients with residual disease ≤ 1cm. P<0.05 was 
considered as statistically significant. We accounted for missing values by multiple imputation.64 
Based on the univariate analysis, initial predictive parameters for suboptimal cytoreduction 
with P < 0.30 were selected to be assessed by multivariate Cox’ regression analysis with back-
ward stepwise elimination.63 The selected parameters were entered into a prognostic model. 
The discriminative ability of the prognostic model, or the ability to distinguish patients with 
suboptimal cytoreduction from patients with optimal cytoreduction, was expressed by means 
of the c-statistic.65 The internal validity of the model was tested by a bootstrapping method in 
which the selection and estimation process was repeated 200 times. Each of these repetitions 
consisted of creating a new dataset (bootstrap sample) by drawing cases with replacement 
from the original data. The backward stepwise elimination process was performed on this 
dataset, yielding a set of selected predictors and parameter estimates.65, 66 Resulting model 
estimates of each bootstrap sample were evaluated on the original data, and a shrinkage fac-
tor was estimated to correct for statistical over optimism. In addition, a correction for optimism 
in the c-statistic was derived from the bootstrap method. 
A nomogram was generated with the identified predictive parameters. 
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RESULTS

Recruitment and demographic characteristics of the patients

Between October 2005 and December 2008, 140 patients who underwent primary cytoreduc-
tive surgery for suspected advanced stage EOC, were included. 
Eighteen patients were excluded because final histology was different from EOC. (benign 
ovarian neoplasm (N=6), Borderline ovarian tumor (N=7), other primary tumor (N=5)). Subse-
quently seven patients with early stage disease were excluded.
Finally, 115 patients with advanced stage EOC were eligible.
Median age was 62.4 years (range 15.9-83.6 years), with thirty-seven patients (32%) aged ≥ 70 
years at time of surgery. Twenty-seven patients (23.5%) were cytoreduced to no macroscopic 
residual disease; cytoreduction to residual disease < 1cm was achieved in another twenty-five 
patients (21.7%). 
Five patients were diagnosed with FIGO stage IIIA, 10 patients with FIGO stage IIIB, 79 patients 
with FIGO stage IIIC (extensive peritoneal disease) and 21 patients with stage IV disease. Fur-
ther patients characteristics are depicted in Table 1.

Table 1. Patient characteristics of the study population.

Characteristics of the Study Population 
Study

Population
Residual disease

≤ 1cm
Residual disease

> 1cm

Number of patients, n (%) 115 52 (45.2) 63 (54.8) 

Age, n (%)  

< 50 years 15 (13.0) 6 (11.5) 9 (14.3)

50-59 years 31 (27.0) 18 (34.6) 14 (22.2)

60-69 years 32 (27.8) 17 (32.7) 15 (23.8)

> 70 years 37 (32.2)  11 (21.2) 26 (41.3)

WHO performance, n (%)

WHO 0-I 106 (92.2) 51 (98.0) 55 (87.3)

WHO 2 5 (4.3) 0 (0) 5 (7.9)

WHO >2 4 (3.5) 1 (2.0) 3 (4.8)

FIGO stage, n (%)

III 94 (81.7) 46 (88.4) 48 (76.2)

IV 21 (18.3) 6 (11.5) 15 (23.8)

Histologic grade, n (%)

1 25 (21.7) 10 (19.2) 15 (23.8)

2 29 (25.0) 13 (25.0) 16 (25.4)

3 61 (53.0) 29 (55.8) 32 (50.8)

Histologic classification, n (%)

Serous 83 (72.2) 38 (73.1) 45 (71.4)

Other 32 (27.8) 14 (26.9) 18 (28.6)
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Initial predictive parameters for suboptimal cytoreduction

Median preoperative platelet count differed markedly between patients with residual disease 
≤ 1cm and those with residual disease > 1cm; 341± 144.5 vs. 419.0 ± 177.7 *109/L (P=0.033), 
respectively. WHO performance status, preoperative serum CA125 level and albumin were 
comparable in both groups. (Table 2)
The CT scan parameters: DPT, diaphragm disease and ascites were different between patients 
with suboptimal and patients with optimal cytoreduction, respectively: 42 (66.7%) vs. 19 
(36.5%)( P=0.001), 23 (36.5%) vs. 9(17.3%) (P= 0.022) and 36 (57%) vs.15(28.8%) (P=0.002).

Multivariate analysis of predictors for suboptimal cytoreduction

The results of the univariate analyses are depicted in Table 3. The variables with P<0.30 in the 
univariate analysis were assessed by multivariate Cox’ regression, utilizing a backward elimina-
tion procedure. A suboptimal cytoreduction could be predicted by preoperative blood platelet 
count (P= 0.1990, OR 1.002), DPT (P=0.0074, OR 3.021) and presence of ascites (P= 0.0385, 
OR2.494) with a c-statistic of 0.74. In other words our model accurately discriminated patients 
with and without suboptimal cytoreduction in 74% of the time. Because our model was devel-
oped and evaluated on the same data, the performance of the model is too optimistic. To cor-
rect for the optimism in discriminative ability, the steps taken in Cox regression were internally 
validated by 200 random bootstrap samples. The for optimism corrected c-statistic was 0.67. 
A shrinkage factor of 0.69 was estimated from the bootstrap procedure. This indicates that in 

Table 2 Predictive parameters for suboptimal cytoreduction in patients with advanced stage of epithelial ovarian 
cancer. Differences, if any, between the group of patients with residual disease ≤ 1cm and those with residual disease 
>1cm are tested with Student-T and Chi square tests. Data is presented as median with standard deviation or in 
absolute numbers, when applicable. DPT=diffuse peritoneal thickening; LBMI=large bowel mesentery implants.

Predictors for suboptimal cytoreduction in Patients with Advanced Stage Epithelial Ovarian Cancer (FIGO III-IV)
Residual disease

≤ 1cm
Residual disease

> 1cm
Significance

Number of patients 52 63

WHO performance, n (%)

WHO 0 26 (50.0) 25 (39.7) 0.140

WHO 1 25 (48.1) 30 (47.6)

≥WHO 2 1 (1.9) 8 (12.7)

Platelet count (*109/L) 341.0 ± 144.5 419.0 ± 177.7 0.033
Log CA 125 (kU/L) 2.53 ± 3.32 2.80 ± 4.20 0.375

Albumin (g/L) 32 ± 17.0 29.0 ± 15.9 0.453

CT scan parameters, n (%)

Diffuse peritoneal thickening 19 (36.5) 42 (66.7) 0.001 
Large bowel mesentery implants  14 (26.9) 27 (42.9) 0.076

Ascites on two thirds of CT scan cuts  15 (28.8) 36 (57.1) 0.002
Diaphragm disease 9 (17.3) 23 (36.5) 0.022 



38

Chapter 2.2

case of replication of this analysis, the resulting coefficients of the final model are on average 
0.69 smaller. The generated nomogram, consisting of blood platelet count, DPT and ascites, for 
the probability of suboptimal cytoreduction is depicted in figure 1. 

DISCUSSION

In the current study we identified predictors for suboptimal cytoreduction at primary cyto-
reductive surgery for advanced stage EOC. Preoperative platelet count, diffuse peritoneal 
thickening (DPT) and presence of ascites on two thirds of the CT scan cuts were predictive for 
residual disease >1cm. With these parameters we generated a nomogram to predict subopti-
mal cytoreduction in the individual patient.

Multiple retrospective studies have shown the prognostic importance of maximal attempt to 
achieve cytoreduction to minimally tumor residu.7, 8 
On the contrary, patients with suboptimal cytoreductive surgery will have limited survival ben-
efit from this procedure. To determine the actual value of an alternative treatment approach 
with neo-adjuvant chemotherapy, the EORTC initiated a randomized trial to compare these 
two treatment approaches in patients with FIGO stage IIIC and IV EOC. The first results of these 
trial show no difference in progression-free and overall survival between both treatment strate-
gies.15 The most important prognostic factor was complete resection of all macroscopic tumor. 

Table 3. Univariate analysis of predictors of suboptimal cytoreduction. CT= computed tomography scan; DPT= 
diffuse peritoneal thickening; LBMI= large bowel mesentery implants; OR= odds ratio; NS=not significant; 
CI=confidence interval.

Univariate analysis of predictors of 
suboptimal cytoreduction

Variable Significance OR (95% CI)

WHO performance status 0.1513
1.248 

(0.582- 2.68)  

Platelet count 0.0107
1.004

(1.001-1.010)

Log CA 125 0.1357
1.206 

(0.943-1.540)

Albumin level 0.0709
0.952

(0.902-1.000)
CT scan parameters

DPT 0.0015
3.474

(1.608-7.500)

LBMI 0.0779
2.036 

(0.924-4.490)

Ascites 0.0028
3.289

(1.507-7.180)

Diaphragm Disease 0.3197
2.042 

(0.500-8.330)
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Preoperative selection of those patients in whom complete resection can be achieved could 
guide treatment decisions.
Many investigators attempted to identify accurate predictors of irresectable disease.
Prediction models based on radiographic characteristics show accuracy rates ranging from 71 
to 93%.16, 25, 26, 30, 52, 67, 68 However accuracy drops when these models are extrapolated in other 
patient populations.16, 29 
Our nomogram accurately predicted surgical outcome in 74% of the patients. This confirms 
the limited accuracy of currently available predictors. Nevertheless, we do believe prediction 
models could be of value in the management of these heterogeneous patient population. 
In contrast to a subjective offhand assessment of suboptimal cytoreduction and operative 
risk, prediction models are reproducible and could support multidisciplinary discussions on 
optimal treatment in the individual patient. Future research should be directed into identifying 
more accurate predictors of surgical outcome.69
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Points
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Platelet count (10^9/L)
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  0  20  40  60  80 100 120 140 160 180 200 220
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Figure 1. Nomogram for prediction of suboptimal cytoreduction.
For each level of predictive factors there is a number of points allocated at the point scale above. By adding the 
points of each parameter, the total points could be calculated. This number represents the probability of suboptimal 
cytoreduction. 
RD=residual disease; DPT=diffuse peritoneal thickening.
For example in a patient with respectively a preoperative platelet count of 300 [25 points], DPT [70 points] and 
ascites on two thirds of the CT scan cuts [57 points] the total score is 152 points (25+70+57) representing a 74% 
change of suboptimal cytoreduction.
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Our study is, to our knowledge the second large prospective study on CT scan predictors of 
suboptimal cytoreduction ever conducted. Nevertheless, 115 patients is still a small data set, 
for this reason we considered a limited selection of earlier described predictors found in other 
studies.16, 24-27 With this design we were able to generate a model with identical predictors 
as described by Dowdy et al.26 In a recent multicenter validation study on CT predictors of 
suboptimal cytoreduction, the predictive model of Dowdy et al. based on DPT and ascites 
showed the best predictive performance. Although external validation of our model has to be 
performed to determine the applicability of our nomogram in other patient populations, these 
data support the predictive importance of those CT predictors in patients with an advanced 
stage EOC. In contrast to earlier described prediction models, we aimed to generate a simple 
model which is easy to use in daily clinical practise.28 The annotation in a nomogram facilitates 
a convenient clinical utilization. 

Nevertheless, our current study has several limitations that must me recognized and consid-
ered in interpreting these data. Firstly, the optimal cytoreduction rate is 45 %, although within 
range of other reports, relatively low, this could reflect a less aggressive philosophy. Unfortu-
nately, our study population was to small to determine the impact of individual surgeon’s skills 
and philosophy on surgical outcome. 
Secondly, we developed a predictive model for patients with suspected advanced stage EOC. 
Other studies restrict their analyses to patients with bulky disease, defined as FIGO stage IIIC 
( with extensive peritoneal disease) and IV disease, reflecting to a clear need for a revised sub 
classification of advanced stage disease.60 
Finally, our nomogram was internally validated by bootstrapping. However, before applying 
the nomogram in daily clinical practise, the nomogram needs to be externally validated.

In conclusion, we developed and internally validated a nomogram predicting suboptimal 
cytoreduction at primary cytoreductive surgery for advanced stage EOC. Preoperative platelet 
count, diffuse peritoneal thickening (DPT) and presence of ascites on two thirds of the CT scan 
cuts were predictive for residual disease >1cm.
The generated nomogram can, after external validation, be used to estimate surgical outcome 
in each individual patient and be valuable for counselling and electing tailored treatment 
strategies. 
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ABSTRACT

Objectives: Accurate estimation of the risk of postoperative mortality (POM) is essential for 
the decision whether or not to perform cytoreductive surgery in a patient with advanced stage 
ovarian cancer. To ascertain modern reference figures, a systematic review of studies reporting 
POM after primary cytoreductive surgery for advanced stage epithelial ovarian cancer (EOC) 
was performed.
Materials and Methods: A Medline search was performed to retrieve papers on primary 
cytoreductive surgery for advanced stage EOC. Twenty-three papers met the inclusion criteria 
and were reviewed.
Results: According to population-based studies, POM after primary cytoreductive surgery 
for EOC is 3.7% on average. Single centre studies report an average rate of 2.5%. The overall 
mean POM is 2.8%. POM is more frequent for elderly women and after extensive procedures. 
Accurate information on age-specific and procedure-specific rates could not be obtained.
Conclusions: POM rates after surgery for EOC are satisfactorily low. There is a clear need for 
reliable reference figures for mortality after debulking surgery in the elderly.
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INTRODUCTION

Epithelial ovarian cancer (EOC) continues to be the leading cause of death from gynecologi-
cal cancer.51 Cure rates are low because most patients are diagnosed with advanced disease. 
Treatment is based on cytoreductive surgery and platinum-based chemotherapy. Individual 
prognosis depends on FIGO (International Federation of Gynaecology and Obstetrics) stage 53 
and the ability to perform optimal cytoreductive surgery.7, 70, 71 To achieve a minimal residual 
tumour load, surgery may need to be quite extensive and can be accompanied by postopera-
tive complications. 
Postoperative morbidity and mortality depend upon the extent of surgery, age, performance 
status and comorbidity.36, 72-74 Cytoreductive surgery clearly improves survival but may be 
withheld if the operative risk is deemed too high. The role of upfront cytoreductive surgery in 
patients with unresectable disease is under debate. Several studies suggest that neoadjuvant 
chemotherapy followed by interval surgery will lead to similar survival with less operative 
morbidity. 12, 14, 75

POM is generally defined as death from any cause within 30 days of operation and has been 
suggested as a performance indicator for other types of cancer. For ovarian cancer, POM is con-
sidered to be low but may yet be useful as an objective parameter of surgical care. To obtain 
reference standards for POM, we performed a systematic review on published POM rates after 
primary cytoreductive surgery for advanced stage EOC.

MATERIALS AND METHODS

Search methods

We performed a Medline search of English-language articles published between January 1, 
1981, and March 1, 2008. The keywords used were: “ovarian carcinoma”, “ovarian cancer” ,“ovar-
ian neoplasma” and “cytoreductive surgery”, “surgical outcome”, “30-day mortality”, “in hospital 
mortality”, “postoperative death”, “postoperative mortality” and “postoperative complications”. 
Additionally, the Cochrane Library and Embase were searched for any relevant reports. 

Inclusion criteria

POM was defined as death from any cause within 30 days of operation and in-hospital mortal-
ity as death of a patient without being discharged after surgery. Manuscripts were included 
if POM or in-hospital mortality after primary cytoreductive surgery for advanced stage (FIGO 
stage III/IV) EOC, fallopian tube or peritoneal cancer was reported. 
Studies reporting results from interval cytoreductive surgery, surgery for recurrent ovarian 
cancer and those reporting results of second-look laparotomy were excluded from analysis.
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Data extraction

Two authors (C.G.G. and R.A.D.) reviewed the articles that fulfilled the inclusion criteria. From the 
selected articles we abstracted the following information: name of the first author, year of pub-
lication, type of patient cohort, type of surgery, number of patients, median patient age, FIGO 
stage, optimal cytoreduction rate, definition of optimal cytoreduction, number and percentage 
of patients who died in the postoperative period. If mentioned, cause of death information 
was also extracted. Cause of death was reclassified according to the methodology proposed by 
Waljee et al.76 In this classification the complication that attributed most to the patient’s death 
during a postoperative course has to be assigned and stratified in five main categories. (Table 4)

Data analysis

Included studies were divided in two main categories: studies reporting results of general 
primary cytoreductive surgery and studies reporting specific surgical procedures at primary 
surgery in patients with advanced stage EOC. Subsequently, study results were sorted and 
summarized in tables according to type of cohort reported (population-based, single centre, 
multi centre) and year of publication.

RESULTS

Description of studies

We identified 23 eligible reports on primary cytoreductive surgery for advanced stage EOC. 
Twenty reports described retrospectively collected data; three studies reported results of a 
prospective study. 

Population-based studies

Three population-based case series on cytoreductive surgery for advanced stage EOC were 
found, with a mean POM rate of 3.7% (range 2.5 - 4.8%) (Table1).

Single centre studies

Twenty single centre reports, on primary cytoreductive surgery for advanced stage EOC, 
reported data on postoperative mortality. POM ranged from 0 to 6.7 % (mean 2.5%) (Table 2). 

Table 1. Review of population-based studies describing postoperative mortality after primary cytoreductive surgery for 
advanced stage EOC. N= number of patients; POM=postoperative mortality; RD=residual disease; NA=not applicable.

Article Publication 
year

Country N Median 
age
(years)

FIGO
stage

Optimal
Cytoreduction
%               RD

   POM

   N (%)

Soegaard (30) 2005 Denmark 83 NA III-IV 79%        <1cm   4 (4.8)
Engelen (23) 2006 Netherlands 240 NA III 52%        <2cm   6 (2.5)
Marx (31) 2007 Denmark 292 62 III 39%        <1cm 13 (4.4)
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Reports on specific surgical procedures

Subsequently, 7 reports on specific surgical procedures at primary surgery in patients with 
advanced stage EOC were added (Table 3). Again, the majority described retrospective data 
(86%). POM rates after surgery for EOC including bowel surgery varied between 0 en 5.9 % 
(mean 2.7%). Most reports described small case series (median 66 patients, range 42-101). 
Two studies reporting results of operations involving splenectomy met the inclusion criteria, 
they described a POM rate of 8.8 and 17% (Table 3).

Cause of death

Cause of death was specified in 11 studies (48%). Most common causes of death were sepsis 
(20.8%) and pulmonary embolism (25.0%) (Table 4). 

Table 2. Postoperative mortality after primary debulking surgery for advanced stage EOC reported from single 
institutions.

Article Year of 
publication

N
Median 
age
(years)

FIGO 
stage

Optimal 
cytoreduction
 %            RD

Definition
POM

POM

N (%)
1980-1990
Hacker(32) 1983 47 58 III-IV 66          <1.5cm 30d 1 (2.1)
Chen(33) 1985 60 59 III-IV 100        <1.5cm 30d 1 (1.7)
Piver(34) 1986 50 62 III-IV 76           ≤2cm 30d 0 (0)
Heintz(35) 1986 70 58 III-IV 46           ≤1cm H 2 (2.9)
1991-2000
Eisenkop(36) 1992 263 61 IIIC-IV 54            ≤1cm 28d 16 (6.1)
Venesmaa(37) 1992 264 NA III-IV NA 30d 4 (1.5)
Marchetti(19) 1993 70 63 III-IV 37            ≤2cm 30d 1 (1.4)
Guidozzi(38) 1994 30 56 III-IV 76            ≤2cm 30d 2 (6.7)
Michel(39) 1997 152 NA IIIB-IV 91            ≤2cm 30d 2 (1.3)
Liu(40) 1997 47 NA IV 30            ≤2cm 30d 1 (2.1)
Lichtenegger(41) 1998 117 NA III-IV 57            ≤2cm 30d 2 (1.7)
Vergote(12) 1998 112 56 III-IV 89            ≤1.5cm 30d 7 (6.2)
Bristow(42) 1999 84 61 IV 30            ≤1cm 30d 5 (6)
Suzuki(43) 1999 45 NA III-IV 57            ≤2cm 30d 0 (0)
2001-2008
Bristow(44) 2001 45 62 IIIB-IV 84            ≤1cm 30d 1 (2.2)
Eisenkop(45) 2003 408 63 IIIC 96            ≤1cm 30d 10 (2.5)
Eltabbakh(46) 2004 72 60 III-IV 49             ≤1cm 30d 1 (1.4)
Chi(47) 2004 140 60 IIIC-IV 63            ≤1cm 30d 1 (0.7)
Aletti(48) 2006 244 64 IIIC-IV NA 30d 3 (1.2)
Susini(15) 2007 47 NA III-IV 45            <1cm 30d 0 (0)

N= number of patients; RD=residual disease; 30d= 30-day mortality; H= in-hospital mortality; NA=not 
applicable.
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DISCUSSION

Population-based reports on POM after primary cytoreductive surgery for advanced stage EOC 
vary with rates ranging from 2.5.% to 4.8%, with a mean of 3.7%. Reports from single centres 
present slightly better results, with a mean POM of 2.5%. The overall POM is 2.8% on average. 
Published results may, however, be biased due to reporting and publication bias. 

Table 3. Postoperative mortality after primary cytoreductive surgery for advanced stage EOC including bowel 
resection or splenectomy. 

Article Year 
of 
publication

Perspective N Median 
age 
(years)

FIGO 
stage

Optimal 
cytoreduction
%        RD

Definition 
POM

POM

N(%)
Bowel
Scarabelli(49) 2000 Single 66 NA IIIC-IV 100    ≤2cm 30d 0 (0)
Gilette-Cloven(50) 2001 Multi-center 101 65 III-IV 30      <1cm 30d 6 (5.9)
Mourton(51) 2005 Single 70 59 IIIC-IV 79       ≤1cm 30d 1 (1.4)
Estes(52) 2006 Single 48 66 III-IV 52       ≤1cm 30d 2 (4)
Cai(53) 2007 Single 42 52 IIIC 67       ≤1cm 30d 0 (0)
Splenectomy
Sonnendecker(54) 1989 Single 6 56 III-IV 100      ≤1cm 30d 1 (17)
Ayhan(55) 2004 Single 34 60 IIIC NA month 3 (8.8)

N= number of patients; 30d= 30-day mortality; month= postoperative mortality within one month after 
surgery; RD=residual disease; NA=not applicable.

Table 4. Tabulation of causes of death.

Cause of death  N (%)
Surgical  site complications  

Haemorrhage
Surgical site infection Sepsis 
Bowel perforation

Pulmonary failure
Pneumonia
Prolonged ventilator assistance
Unplanned intubation

Cardiac complications
Myocardial infarction
Unexplained cardiac arrest
Congestive heart failure

7 (29)
1
5
1

1 (4)
1

3 (13)
3

Venous thrombo- embolism
Deep venous embolism
Pulmonary embolus

Other
Bowel obstruction
Renal failure
Stroke
Progressive disease

6 (25)

6

7 (29)
1
1
2
3



51

Chapter 3.1

The low operative risk corroborates the current treatment strategy of primary cytoreductive 
surgery followed by platinum based chemotherapy in patients with advanced stage EOC. Thus 
far, retrospective studies on neoadjuvant chemotherapy and interval surgery have shown 
inconsistent results. Until prospective trials demonstrate a clear benefit on survival or operative 
morbidity, the latter approach should be reserved for patients with probable residual disease 
and for patients in a poor physical condition. 

Risk factors for POM

The studies included describe cohorts with rather heterogeneous patient and treatment 
characteristics. Documentation of these characteristics was too inconsistent to assess risk fac-
tors for POM but death in the postoperative period is known to be more common in elderly 
patients and after extensive surgery. 
Unfortunately, many reports on cytoreductive surgery in the elderly had to be excluded from 
our analysis,. Although cytoreductive surgery for EOC is feasible at higher age procedures 
will be associated with increased morbidity and mortality 72, 74, 77-80. This can be attributed to 
diminished vital functions and the presence of co-morbidity 72, 74. 
Postoperative mortality rates in patients aged 80 years and older range from 5,4% till 11,7% 
72, 73, 81, 82. We recently reviewed all postoperative deaths after surgery for EOC in the south-
western part of the Netherlands between 1989 and 2005. In this analysis POM increased with 
age from 1,5% for the age group 20-69 to 6,6 % for the age group 70-79 and 9,8% for patients 
aged 80 years or older. These results corroborate an increased POM rate for the elderly. Exclu-
sion criteria may, however, seriously confound comparisons and information on comorbidity 
and performance status is necessary to interpret results in elderly series. In this context the risk 
factor profile proposed by Janda et al. provides a more individual risk assessment which may 
guide optimal choice of treatment 74. This risk profile is based on age, FIGO stage, co-morbidity 
status and type of hospital. Patients are assigned to one of three groups, respectively, low-, 
moderate- and high risk for dying within 12 months from diagnosis. POM for patients aged ≥ 
80 years was 0%, 9% and 21% in the low-, moderate- and high-risk groups, respectively.
Surgery for EOC is very heterogeneous and may range from a simple ovariectomy to major 
debulking operations involving bowel surgery and removal of internal organs. Obviously, POM 
will be associated with the extent of procedures performed but few studies report results by 
type of operation. Unfortunately, none of the population-based studies featured data on this 
subject. Reports on extensive procedures during primary cytoreductive surgery definitely 
show higher postoperative morbidity rates but the relation with POM is less evident. No rel-
evant difference in postoperative mortality was seen if surgery included bowel surgery but a 
splenectomy has a negative impact on the peri- and postoperative course. 
Treatment in high-volume hospitals and by specialized surgeons improves prognosis of EOC 
patients 7, 10, 83 but reports focusing on hospital procedures volume and surgeon specialty thus 
far failed to show a statistically significant association with operative morbidity or mortality 73, 

83-85. No studies were found reporting a significant difference in POM rate related to hospital 
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procedures volume or surgeon specialty. Engelen et al. demonstrated a difference in POM after 
cytoreductive surgery by general gynecologists compared to gynecologic oncologists (3.4% 
versus 1.0%) but this was non-significant (p=0.41) 85. In a Canadian population-based study, 
POM did not differ markedly by hospital volume, institution type, or surgeon volume 84. Earle 
et al. found a 2.1% POM rate for patients treated by gynecologic oncologists, 2.1% for patients 
treated by general gynecologists and 4% for patients treated by general surgeons (p=0.01) 83. 
Results for the advanced stages could not be extracted from this report.

Individual preoperative risk assessment is suggested as a method to reduce postoperative 
mortality. Such an assessment should not only estimate the risk of peri- and postoperative 
complications but also predict the probability of extensive residual disease. Alleti et al. recently 
developed a prediction model for morbidity and mortality after primary cytoreductive surgery 
for advanced stage ovarian cancer. Albumin, American Society of Anesthesiologists (ASA) 
score and complexity of surgery were identified as the main predictors for 30-day morbidity. 
Predictors for 3-month mortality were age and ASA score 36. Given the absence of other treat-
ment options with an intention for cure, it is unsure at what risk patients should be advised 
to refrain from surgical treatment. In high-risk patients surgery may be delayed to optimize 
the patient’s physical condition, for example by improving the nutritional status or adequate 
treatment of co-morbidity 86, 87. 

Unfortunately, the actual cause of death is only reported in a minority of the studies. Overall, 
cause of death appears to be more often related to general events than to surgical complica-
tions. Thrombosis and pulmonary embolism are frequently reported, underlining the impor-
tance of adequate antithrombotic therapy in surgery for ovarian cancer88.

Systematic assessment of the peri- and postoperative course after major surgery is suggested 
to improve results. This is confirmed by reports on the National Surgical Quality Improvement 
Program (NSQIP) 89-91. This program started in 1994 and assesses surgical quality by registration 
and analysis of peri- and postoperative complications after major surgery in the USA. With the 
use of these data, case-mix adjusted results can be generated for participating clinics, allowing 
these centres to compare their performance. Since the onset of this program, 30-day mortality 
rate after major surgery has decreased by 31% 91. Periodically performed institutional evalu-
ations of postoperative complications can improve surgical quality by identifying structure 
and process failures. To determine similar reference standards and case-mix models for ovarian 
cancer, a meta-analysis of individual data from multiple centers will be required. An interna-
tional standard for data collection and reporting needs to established. 

In conclusion, POM after primary cytoreductive surgery for advanced stage EOC is satisfactory 
low. For elderly patients with extensive disease, other treatment strategies may be considered. 
However, even in the elderly cytoreductive surgery can be performed at acceptable risk. POM 
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prediction models can be used to identify patients who may benefit from alternative treatment 
approaches. Assessment of prognostic factors needs to be facilitated by accurate and uniform 
registration during the pre-, peri- and postoperative period across a broad cohort of patients.
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ABSTRACT

Objectives: Residual disease after cytoreductive surgery is an important prognostic factor in 
patients with advanced stage epithelial ovarian cancer (EOC). Aggressive surgical procedures 
necessary to achieve maximal cytoreduction are inevitably associated with postoperative 
morbidity and mortality. 
The objective of the present study was to determine causes of postoperative mortality after 
surgery for epithelial ovarian cancer .
Materials and Methods: The Rotterdam Cancer Registry records all newly diagnosed cases 
of cancer in the south-western part of the Netherlands. All patients who died within 30 days 
after surgery for cancer of the ovary or fallopian tube over a 17-year period were identified and 
analysed by reviewing medical notes. 
Results: Between 1989 and 2005, 2434 patients underwent cytoreductive surgery for EOC. 
Sixty-seven patients (3.1%) died within 30 days after surgery. Postoperative mortality increased 
with age from 1.5% (26/1765) for the age-group 20-69 to 6.6 % (32/486) for the age-group 
70-79 and 9.8% (18/183) for patients aged 80 years or older. Pulmonary failure (18%) and 
surgical site infection (15%) were the most common causes of death. Only a quarter of deaths 
resulted from surgical site complications.
Conclusions: Our results suggest that causes of postoperative mortality after surgery for EOC 
are very heterogeneous. Given the impact of general complications, progress in preoperative 
risk assessment, preoperative preparation and postoperative care seem essential to reduce the 
occurrence of fatal complications.
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INTRODUCTION

Treatment of patients with advanced stage epithelial ovarian cancer (EOC) is based on cyto-
reductive surgery and platinum based chemotherapy. Prognosis mainly depends on FIGO 
(International Federation of Gynaecology and Obstetrics) stage and the extent of residual 
disease after primary cytoreductive surgery.7, 8, 92 
Aggressive surgical procedures, necessary to achieve maximal cytoreduction, are associated 
with peri- and postoperative morbidity and mortality.36, 37, 42 Extent of surgery, age, comorbidity 
and performance status are important predictors for short-term postoperative outcomes.36, 72 

Postoperative morbidity after primary cytoreductive surgery for advanced stage ovarian 
cancer is reported inconsistently, without standard definitions of postoperative morbidity. 
Unadjusted morbidity rates range between 11 and 67%.
Postoperative mortality (POM) is generally defined as death from any cause within 30 days 
of operation. POM rates after primary cytoreductive surgery for advanced stage EOC vary 
between 0 and 6.7%, with a mean POM rate of 2.8%.93

Little is known about the causes of postoperative mortality after surgery for EOC. Hospital 
series are generally too small whereas population-based studies lack clinical information. In 
an attempt to detect preventable complications, we decided to perform a retrospective chart 
review of all postoperative deaths in a region with 16 hospitals over a 17-year period.

MATERIALS AND METHODS

Information on all patients who died within 30 days after surgery for cancer of the ovary or fal-
lopian tube was retrieved from the Rotterdam Cancer Registry. This registry started in 1982 and 
reached complete coverage of the south western part of the Netherlands in 1989. Newly diag-
nosed cases of cancer are reported to the registry by pathology laboratories and by the hospital 
administration for discharge records. The region comprises one university hospital, four teaching 
hospitals and eleven non-teaching hospitals serving a population of 2,4 million inhabitants.
The study was approved by the Medical Ethical Committee of the Erasmus University Medical 
Center and was performed according to the standards outlined in the Declaration of Helsinki. 

From 1989 through 2005, 3257 patients were diagnosed with EOC and in 2434 patients (75%) 
some form of resectional surgery, excluding diagnostic biopsies, had been performed. 1217 
(50%) of the patients were operated in a teaching hospital. For all patients who died within 30 
days of surgery (n=76, 3.1%), information was sent to the hospitals to obtain access to the medi-
cal records for review by two clinicians (CG and MdV). General case notes, surgical reports and 
pathology reports were reviewed. When available, autopsy records (n=8) were also examined. 
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Preoperative patient characteristics included age, World Health Organization (WHO) perfor-
mance status, ASA classification, preoperative CA125 level and comorbidity status. Comorbid-
ity was scored and categorized using a modification of the Charlson comorbidity index (CCI).94 

Type of surgery, surgical procedures, type of surgeon, type of hospital, duration of surgery, 
estimated blood loss, and postoperative residual disease were registered. Optimal cytoreduc-
tion was defined as residual disease < 1 cm.1,2 To assess the extent of surgical procedures, the 
surgical complexity score (SCS) described by Aletti and colleagues.36 was adopted. Based on 
number and complexity of the surgical procedures performed patients are assigned to one of 
three groups: low-, intermediate and complex surgery. (Table 3)
Stage of disease was established as defined by the International Federation of Gynaecology and 
Obstetrics (FIGO).53 Tumour type was described according to the WHO guidelines. Tumour differ-
entiation was classified as well (grade I), moderately (grade II), or poorly differentiated (grade III).

All peri- and postoperative complications were registered and classified according to the 
definitions of the National Surgical Quality Improvement Program.90 This instrument divides 
complications into two broad categories, surgical and medical.(Table 4) Cause of death was 
systematically described by applying the methodology proposed by Waljee and colleagues.76 

In this classification the complication that attributed most to the patient´s death during a 
postoperative course has to be assigned.

All patient data were entered in a computerized relational database (Microsoft Access 2000). 
Tabulations and statistical testing (chi-square) were performed using SPSS 14.0 for Windows 
(Chicago, IL).

RESULTS

During the study period the Rotterdam Cancer Registry recorded 76 patients (3.1%) who died 
within 30 days after surgery for ovarian cancer. 
Fourteen patients had to be excluded because medical records were not available (n=9) or 
incomplete (n=5). In seven patients, final histological diagnosis was different from epithelial 
ovarian cancer, leaving a study population of fifty-five patients.

Patient characteristics are depicted in Table 1. The median age at operation was 75 years (range 
42 to 97). Operative mortality increased with age from 1,5% (26/1765) for the age-group 20-69 
to 6,6 % (32/486) for the age-group 70-79 and 9,8% (18/183) for patients aged 80 years or older.

The WHO performance status was 0 or 1 in 51 patients (93%) and only 7 patients (13%) were 
classified with ASA 3. 
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Coronary artery disease (22%) and hypertension (16%) were the most frequent comorbid con-
ditions (Table 2). Peripheral artery disease, diabetes, pulmonary disease and a prior malignant 
tumour were seen in 11% of patients. The CCI was >1 in 15 patients (27%). Mean CA125 level 
was 975 UI/ml (range 10-5977 UI/ml).

In 44 patients (80%) primary cytoreductive surgery was performed (Table 3). Two patients 
underwent interval debulking surgery, one patient was operated for staging purposes. Six 
patients needed emergency surgery (for bowel obstruction or perforation). In two patients 
ovarian cancer was accidentally diagnosed during surgery without previous suspicion (lapa-
rotomy for cervical neoplasia in one and hernia epigastrica repair in the other patient).

Residual disease was < 1cm in 18 patients (32 %). The vast majority of patients (85%) were 
diagnosed with advanced stage disease (FIGO stage III/IV). 

Table 1. Patient characteristics (N=55).

N %
Age (years) 20-69 18 33

70-79 22 40

> 79 15 27

WHO performance score 0 15 27

1 36 66

≥2 4 7

ASA 1 22 40

2 26 47

3 7 13

Comorbidity Index 0 21 38

1 18 33

2 9 16

>2 6 11

Unknown 1 2

FIGO stage I 8 14

II 2 4

III 29 53

IV 16 29

Residual tumor ≥ 1cm 37 67

< 1cm 18 33

Differentiation grade I 5 9

II 18 33

III 27 49

Not specified 5 9

Morphology Serous 22 40

Mucinous 10 18

Clear Cell 5 9

Endometrioid 5 9

Mixed mullerian 3 5

Undifferentiated 10 18
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The operative procedure was classified as low complex surgery (SCS ≤ 3) in 47 patients (85%). 
Thirty-two patients (58%) were treated in a teaching hospital, including four patients oper-
ated on in the university hospital. Surgery was performed by a gynecologic oncologist in 16 
(29%) patients. Mean operative time was 135 minutes (range 24-258 minutes), mean estimated 
blood loss was 841 ml (range 100 to 3500 ml). 

Eighty-seven intra- and postoperative complications were recorded according to the NSQIP 
definitions. (Table 4) The main surgical complication was surgical site infection (36%). Pulmonary 
failure was the most frequent medical complication (33%). Seven patients required a reopera-
tion, which was called for by postoperative bleeding in two patients, and by bowel perforation, 
gastric perforation, intraabdominal abscess, fascial disruption and peritonitis in the other five. 

Table 2. Prevalence of comorbid conditions according to the modified Charlson comorbidity index.

Comorbid condition Index Points Number of patientsa (%)
Coronary artery disease b 1 12 22

Congestive heart failure 1 2 4

Cerebrovascular disease 1 5 9

Peripheral vascular disease 1 6 11

Hypertension 1 9 16

Dementia 1 2 4

Diabetes (mild or moderate) 1 6 11

Pulmonary disease 1 6 11

Renal disease 1 2 4

Any prior malignant tumour 2 6 11

Hepatic disease 3 2 4

a One patient may have several comorbid conditions
b Including myocardial infarction, coronary artery bypass graft, percutaneous transluminal coronary 
angioplasty and angina pectoris

Table 3. Procedures performed in the analysed patients and their surgical complexity score. Based on number and 
complexity of the surgical procedures performed patients are assigned to one of three groups: low-,intermediate- 
and complex surgery. SCS=surgical complexity score.

Operative procedure N SCS

Hysterectomy 22 1

Salpingo-oophorectomy 49 1

Omentectomy 28 1

Lymphadenectomy (pelvic or para-aortic) 5 1

Small bowel resection 4 1

Large bowel resection 11 2

Colostomy 8 2

Complexity score groups
SCS ≤ 3: Low complex surgery 
SCS 4-7: Intermediate complex surgery
SCS ≥ 8: High complex surgery
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The main causes of death were surgical site infection (n=8) and pulmonary failure (n=10) 
(Table 5, figure 1). Death occurred within a mean of 13 days (range 0 to 30 days) after surgery. 
Pulmonary failure was a more common cause of death if surgery was performed by gynaeco-
logic oncologists or in a teaching hospital. Surgical site complications were the most common 
cause of death in patients operated on by a general gynaecologist, general surgeon or in non 
teaching hospitals. These differences were not statistically significant.

Table 4. Peri- and postoperative complications according to National Surgical Quality Improvement Program 
definitions.

Surgical complications (45) N

Haemorrhage (8) Intraoperative
Postoperative

3
5

Bowel laceration (7) Large bowel laceration
Small bowel laceration

2
5

Bowel obstruction 6

Surgical site infection (16) Sepsis
Intraabdominal abcess
Peritonitis
Urinary tract infection
Superficial wound infection

8
1
2
3
2

Wound dehiscence/fascial
disruption

1

Reoperation 7

Medical complications (42) N

Cardiac (11) Myocardial infarction
Atrial and ventricular arrhythmias
Unexplained cardiac arrest
Congestive heart failure

1
2
3
5

Venous thrombo-embolism (7) Deep venous embolism
Pulmonary embolus

2
5

Pulmonary failure (14) Pneumonia
Prolonged ventilator assistance
Unplanned intubation

7
5
2

Renal failure 4

Gastrointestinal bleeding 4

Stroke 2

Other (liver failure) 1
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DISCUSSION

This study is one of the first reports that focuses on causes of death in patients who die in 
the postoperative phase after cytoreductive surgery for EOC. The main cause of death was 
pulmonary failure and only a quarter of deaths resulted from surgical site complications. Our 
results show that causes of death are very heterogeneous and the major importance of general 

Table 5. Tabulation of causes of death.

Cause of death  N (%)
Surgical  site complications  

Haemorrhage
Surgical site infection

13 (23.6)
5
8

Pulmonary failure
Pneumonia
Prolonged ventilator assistance
Unplanned intubation

10 (18.2)
3
5
2

Cardiac complications
Myocardial infarction
Unexplained cardiac arrest
Congestive heart failure

7 (12.7)
1
2
4

Venous thrombo- embolism
Deep venous embolism
Pulmonary embolus

6 (10.9)
2
4

Other
Bowel obstruction
Gastrointestinal bleeding
Renal failure
Stroke
Liver failure
Treatment refusal
Progressive disease
Infection during chemotherapy
Unknown

19 (34.5)
1
3
1
1
1
1
7
1
3

24%

34% Surgical
Pulmonary
Cardiac

18%

Cardiac
VTE
Other

13%
11%

Figure 1. Pie chart with distribution of the identified causes of death. Surgical=surgical site complication; 
pulmonary=pulmonary failure; cardiac=cardiac complication; VTE=venous thrombo-embolism.
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complications such as thrombo-embolism (11%), pulmonary failure (18%) and cardiac failure 
(13%) suggests that interventions will rather rely on improvement of general postoperative 
care than on changes in surgical management. 

Cytoreductive surgery is the cornerstone of treatment for advanced stage EOC but coincides 
with a considerable risk of morbidity and mortality. The 3,1% POM rate in our study is com-
parable with other series93, despite the high proportion of elderly patients. At higher age, 
the operative risk tends to increase, which is confirmed by the 7.5 % postoperative mortality 
in patients aged 70 years and older. Diaz-Montes and colleagues previously described a 2.3 
times higher 30-day mortality rate for patients aged 80 years and older and suggested a higher 
frequency of emergency surgery.73 In our series, of the 15 patients aged 80 years or older, 5 
(33%) died after emergency surgery. 

Residual disease after primary cytoreductive surgery is an import prognostic factor in advanced 
stage epithelial ovarian cancer7, 8 and the ability to achieve optimal cytoreduction is related to 
surgeons specialty and type of hospital.7, 10, 83, 85 One would expect a higher postoperative 
mortality after more extensive surgery and for audit purposes the SCS should be used to allow 
meaningful comparisons.36

Whether the causes of death were accurately determined, might be questioned. Due to the 
retrospective nature of this study and an autopsy rate of only 15%, we had to rely on standard 
case notes. Accurate prospective recording of comorbidity, extent of surgery and postoperative 
complications seems important to develop preventive measures. Alleti and colleagues recently 
developed a prediction model for morbidity and mortality after primary cytoreductive surgery 
for advanced stage ovarian cancer. Albumin, ASA and complexity of surgery were identified 
as predictors for 30-day morbidity. Predictors for 3-month mortality were age and ASA.36 Our 
study corroborates the importance of comorbidity and performance status. Sixty-two percent 
of the patients was known with some comorbid condition and in 65% performance status was 
influenced at the time of cancer diagnosis. Prediction models may identify patients who can 
benefit from alternative treatment strategies such as neoadjuvant chemotherapy or optimize 
physical performance before surgery, for example by improving the nutritional status.

For several reasons, postoperative mortality appears to be a poor quality indicator for gynae-
cological surgery. First, it is a rare event, considering that an average hospital would encounter 
only one case every four years. Second, results depend on the extent of surgery performed and 
fatal complications tend to be non-surgery related. 
It also remains remarkable that in our series most surgical procedures were low complex and 
that in two thirds of patients tumour removal was suboptimal. Several authors suggested that 
surgery for ovarian cancer should be centralized in specialized hospitals.10, 95 Others suggest 
that results can be improved by a consultant gynecologic oncologist.85To reduce postoperative 
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mortality, the latter option will be less effective. To ensure optimal care all aspects, diagnostics, 
selection, surgery and postoperative care need to be of high standard. 

In conclusion, clinical evaluation of adverse events remains an essential method to improve the 
quality of care. Nonetheless, postoperative complications will inevitably occur after surgery for 
ovarian cancer. To some extent, age and comorbidity can predict the postoperative risk but 
even in elderly patients cytoreductive surgery should be considered given the poor results of 
alternative options. 
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ABSTRACT

Objectives: Treatment in advanced stage epithelial ovarian cancer (EOC) is based on primary 
cytoreductive surgery followed by platinum-based chemotherapy. Successful cytoreduction to 
minimally residual tumour burden is the most important determinant of prognosis. However, 
extensive surgical procedures to achieve maximal debulking are inevitably associated with 
postoperative morbidity and mortality. The objective of this study is to determine predictors 
of 30-day morbidity after primary cytoreductive surgery for advanced stage EOC.
Materials and Methods: All patients in the South Western part of the Netherlands who 
underwent primary cytoreductive surgery for advanced stage EOC between January 2004 
and December 2007 were identified from the Rotterdam Cancer Registry database. All peri- 
and postoperative complications within 30 days after surgery were registered and classified 
according to the definitions of the National Surgical Quality Improvement Program (NSQIP).
To investigate independent predictors of 30-day morbidity, a Cox’ proportional hazard model 
with backward stepwise elimination was utilized. The identified predictors were entered into 
a nomogram. 
Results: Two hundred ninety-three patients entered the study protocol. Optimal cytoreduc-
tion was achieved in 136 (46%) patients. 30-day morbidity was seen in 99 (34%) patients. 
Postoperative morbidity could be predicted by age (P = 0.007; OR 1.034), WHO performance 
status (P= 0.046; OR 1.757), extent of surgery (P= 0.1308; OR=2.101), and operative time (P = 
0.017; OR 1.007) with a for optimism corrected c-statistic of 0.68.
Conclusions: 30-day morbidity could be predicted by age, WHO performance status, opera-
tive time and extent of surgery. The generated nomogram could be valuable for predicting 
operative risk in the individual patient.
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INTRODUCTION

Currently, treatment in advanced stage epithelial ovarian cancer (EOC) is based on primary 
cytoreductive surgery followed by platinum-based chemotherapy. 
Successful cytoreduction to minimally residual tumor burden is the most important determi-
nant of prognosis.7, 61, 71, 96 However, extensive surgical procedures to achieve maximal deb-
ulking are inevitably associated with postoperative morbidity and mortality. Reported 30-day 
morbidity after primary cytoreductive surgery for advanced stage EOC ranges from 11 to 67 
%.36-43, 45, 46, 85, 97 Postoperative mortality (POM) rates vary between 0 and 6.7%, with a mean 
POM rate of 2.8%.93

Predictive parameters for postoperative complications after primary cytoreduction for 
advanced stage EOC are age, performance status, co-morbidity and extent of surgery. Risk-
adjustment models for postoperative morbidity and mortality after major surgical procedures, 
developed for inter- and intra-institutional audits, have shown to improve surgical outcome.91

We currently know of only one study on risk-adjustment for surgical outcome in EOC patients.36 
Prediction models for 30-day morbidity could facilitate prediction of surgical outcome in daily 
clinical practice and can provide objective parameters to identify those patients who might 
benefit from alternative treatment approaches.

The objective of this study was to identify predictive parameters for 30-day morbidity after 
primary cytoreductive surgery for advanced stage EOC and to develop a nomogram to predict 
30-day morbidity.

MATERIALS AND METHODS

Selection of patients and study design

From January, 2004 to December, 2007 all patients with primary surgery for EOC were retrieved 
from the Rotterdam Cancer Registry database.
The Rotterdam Cancer Registry covers the South Western part of the Netherlands, this region 
comprises one university hospital, four teaching hospitals and eleven non-teaching hospi-
tals serving a population of 2,4 million inhabitants. All newly diagnosed cases of cancer are 
reported to the Registry by pathology laboratories and by the hospital administration for 
discharge records. Patients with advanced stage EOC, defined as International Federation of 
Gynecology and Obstetrics (FIGO) stage III/IV, who underwent primary cytoreductive surgery 
were eligible for this study. For all patients information was sent to the hospitals to obtain 
access to the medical records for review by two clinicians (CG and GMN). General case notes, 
surgical reports and pathology reports were reviewed.
The study was approved by the Medical Ethical Committee of the Erasmus University Medical 
Center and was performed according to the standards outlined in the Declaration of Helsinki. 
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Pre-operative assessments

Standard preoperative work-up of the patients consisted of patients’ history, physical 
examination and transvaginal sonography. CT-scans were electively made at the discretion 
of the attending physician. Blood samples for measurement of CA125, blood platelet count, 
and haemoglobin concentrations were withdrawn within one week prior to surgery. CA125 
was assessed by enzyme immunoassay (Roche E170) using a sandwich method with chemo 
luminescence (Roche Diagnostics BV, Almere, the Netherlands). The blood platelet count and 
haemoglobin were assessed by a Sysmex XE 2100 system (Sysmex Corporation, Kobe, Japan). 

Treatment regimen

Primary cytoreductive surgery was performed using an abdominal midline incision and 
included total hysterectomy, bilateral salpingo-oophorectomy, and omentectomy and 
resection of all visible and palpable bulky tumour. The aim of this procedure was to resect 
all macroscopic tumour or at least to lesions < 1cm.7, 61 Bowel resection, pancreas resection, 
splenectomy, diaphragmatic stripping, partial liver resection and lymphadenectomy were per-
formed if warranted to achieve an optimal cytoreduction, defined as residual disease <1cm. 

Histo-pathological assessment

Histology was classified as serous, mucinous, endometroid, clear cell, and undifferentiated 
adenocarcinoma. Differentiation was classified in grade 1 to 3, according to the Silverberg 
criteria.5 Subsequently, stage of the disease was determined according to FIGO guidelines.53

Study parameters and outcome measures

Preoperative parameters for analysis were patients’ age, clinical condition according to the 
WHO performance scale, comorbidity status, presence of ascites prior to surgery, CA125-, 
blood platelet- and haemoglobin concentrations. Ascites was defined as the presence of pelvic 
fluid on ultrasound, CT-scan and/or at laparotomy. Comorbidity was scored and categorized 
using a modification of the Charlson comorbidity index (CCI) (Table 1).94

Postoperative parameters for analysis were residual disease, type of surgeon, extent of surgical 
procedures, operative time, histology, histological differentiation and FIGO stage. To assess the 
extent of surgical procedures, the surgical complexity score (SCS) described by Aletti and col-
leagues was adopted.36 Based on number and complexity of the surgical procedures performed 
patients are assigned to one of three groups: low-, intermediate and complex surgery. (Table 2). 
All peri- and postoperative complications were registered and classified according to the defi-
nitions of the National Surgical Quality Improvement Program (NSQIP).76, 90, 98 Postoperative 
mortality (POM) was defined as death from any cause within 30 days of operation. Cause of 
death was systematically described by applying the methodology proposed by Waljee and 
colleagues. In this classification the complication that attributed most to the patient’s death 
during a postoperative course has to be assigned.76 (Table 7)
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Postoperative morbidity included the following selection of adverse events seen within 30 
days after surgery: POM, bleeding requiring>4 U of transfused blood, sepsis, pneumonia, 
venous thrombo-embolism (pulmonary embolus or deep venous thrombosis), any type of 
complication requiring re-operation, any bowel injury (leak, fistula, anastomotic leakage), 
prolonged ileus (>6 days), urinary complications (ureteral fistula, obstruction or leak), failure to 
wean from the ventilator >48 hours after operation, renal failure requiring dialysis, myocardial 
infarction, stroke, and unplanned intubation. 
The primary outcome measure was 30-day morbidity.

Analysis

Data analysis, utilizing the software package SPSS 14.0 (SPSS, Chicago, IL, USA), was performed 
on all patients fulfilling in- and exclusion criteria of the study. The Student-t test was utilized to 

Table 1. The Modified Charlson Comorbidity Index.21

Comorbid condition Index Points
Coronary artery disease a 1
Congestive heart failure 1
Cerebrovascular disease 1
Peripheral vascular disease 1
Hypertension 1
Dementia 1
Diabetes (mild or moderate) 1
Pulmonary disease 1
Renal disease 1
Any prior malignant tumor 2
Hepatic disease 3

a Including myocardial infarction, coronary artery bypass graft, percutaneous transluminal coronary 
angioplasty and angina pectoris.

Table 2. Surgical complexity score and complexity score groups developed by Alleti and colleagues. SCS=Surgical 
complexity score;TH-BSO=Total hysterectomy and bilateral-salpingo-oophorectomy.13

Operative procedure SCS
TH-BSO 1

Omentectomy 1

Pelvic lymphadenectomy 1

Para-aortic lymphadenectomy 1

Pelvic peritoneum stripping 1

Abdominal peritoneum stripping 1

Small bowel resection 1

Large bowel resection 2

Liver resection 2

Splenectomy 2

Diaphragm stripping 2

Recto-sigmoidectomy T-T anastomosis 3

Complexity score groups
SCS ≤ 3: Low complex surgery 
SCS 4-7: Intermediate complex surgery
SCS ≥ 8: High complex surgery
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compare patients’ age, operative time and preoperative serum concentrations of log CA125, 
blood platelet, and haemoglobin between the group of patients with 30-day morbidity and 
those patients with an uncomplicated postoperative course. Chi square tests were used to com-
pare the preoperative presence of ascites, WHO performance status, CCI, FIGO stage, residual 
disease, extent of surgical procedures performed, type of surgeon, histological differentiation 
and histology between the groups of patients with 30-day morbidity to the group of patients 
with an uncomplicated postoperative course. Based on the univariate analysis, initial predictive 
parameters for 30-day morbidity with P < 0.50 were selected to be assessed by multivariate 
Cox’ regression analysis with backward stepwise elimination. In order to prevent overestima-
tion and to achieve a better model performance parameters with P < 0.15 were entered into 
our prognostic model.63 We accounted for missing values by multiple imputation.64 
The discriminative ability of the prognostic model, or the ability to distinguish patients with 
the poor outcome from patients with a favourable outcome, was expressed by means of the 
c-statistic.65 The internal validity of the model was tested by a bootstrapping method in which 
the selection and estimation process was repeated 200 times. Each of these repetitions con-
sisted of creating a new dataset (bootstrap sample) by drawing cases with replacement from 
the original data. The backward stepwise elimination process was performed on this dataset, 
yielding a set of selected predictors and parameter estimates.65, 66 Resulting model estimates 
of each bootstrap sample were evaluated on the original data, and a shrinkage factor was 
estimated to correct for statistical over optimism. In addition, a correction for optimism in the 
c-statistic was derived from the bootstrap method. 
A nomogram was generated with the identified predictive parameters. 

RESULTS

Recruitment and demographic characteristics of the patients

Between January 2004 and December 2007, 494 patients underwent primary surgery for EOC. 
One hundred eighty-eight patients with early stage EOC and 13 patients with emergency 
surgery were excluded. Finally, 293 patients with advanced stage EOC who underwent primary 
cytoreductive surgery entered the study protocol.
Median age was 64 years (range 15.0-90.5 years), with ninety-one patients (31%) aged ≥ 70 years 
at time of surgery. Fourteen (4.8%) patients were diagnosed with FIGO stage IIIA, 23(7.8%) patients 
with FIGO stage IIIB, 208 (71.0%) patients with FIGO stage IIIC and 48(16%) patients with stage 
IV disease. Sixty-seven patients (22.9%) were cytoreduced to no gross residual disease; optimal 
cytoreduction (residual disease < 1cm) was achieved in another sixty-nine patients (23.5%). 
30-day morbidity was seen in 99 patients (34%). POM was 4.8% (N=14). Cause of death is listed 
in Table 3. Further patients characteristics are depicted in Table 4-6.
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Table 3. Tabulation of causes of death. CCI=Charlson comorbidity index; SCS=surgery complexity score; VTE= 
VTE=venous thromboembolism.

Age
(years)

WHO CCI FIGO
Residual

Tumor
SCC Cause of death

1 43 1 1 IIIC >1cm 1 Sepsis

2 81 0 0 IV >1cm 1 Haemorraghe

3 50 1 0 IIIC >1cm 2 VTE

4 67 0 1 IV <1cm 1 Pulmonary failure

5 67 1 2 IIIC <1cm 1 Pulmonary failure

6 82 0 1 IV >1cm 1 Pulmonary failure

7 78 3 2 IIIC >1cm 2 Progressive disease

8 76 2 2 IIIC >1cm 1 Haemorraghe

9 78 0 IIIC >1cm 1 Progressive disease

10 74 1 2 IV >1cm 1 Sepsis

11 66 1 0 IIIC >1cm 2 Anastomotic leakage 

12 84 1 0 IIIC >1cm 1 Progressive disease

13 81 1 2 IIIC >1cm 1 Anastomotic leakage

14 70 1 0 IIIC >1cm 1 Renal failure

Table 4. Preoperative characteristics of study population. Differences, if any, between the group of patients with 30-
day morbidity and those with an uncomplicated postoperative course are tested with Student-T and Chi square tests, 
when applicable. SD= standard deviation, CCI= Charlson comorbidity index.

Preoperative Characteristics of the Study Population of Patients with Advanced Stage Ovarian Cancer (FIGO 
III-IV)

Study
Population

No complications 30-day morbidity p-value

Number of patients (n) 293 194(66%) 99 (34%)

Preoperative parameters
Age, n (%)

Median
(range)

64.7 
(15.9-90.5)

62.5 
(31.0-90.5)

66.7
(15.9-81.1)

0.012

< 50 years 34 (11.6) 25 (73.5) 9 (26.5)

50-59 years 80 (27.3) 60 (75.0) 20 (25.0)

60-69 years 88 (30.0) 57 (64.8) 31 (35.2)

> 70 years 91 (31.0) 52 (57.1) 39 (42.9)

WHO performance, n (%) 0.043

  WHO 0 161 (54.9) 118 (73.3) 43 (26.7)

  WHO I 117 (39.9) 68 (58.1) 49 (41.9)

  ≥WHO II 15 (5.1) 8  (53.3) 7 (46.7)

CCI,  n (%) 0.981

  0 129 (44.0) 89 (69.0) 40 (31.0)

  1 84 (28.7) 55 (65.5) 29(34.5)

  ≥2 80 (27.3) 50 (62.5) 30(37.5)

Presence of ascites, n (%) 174 (59.3) 109 (62.6) 65 (37.4) 0.665

Preoperative serum 
parameters
Haemoglobin (mmol/L)±SD 7.9±0.99 8.0±0.98 7.6±0.99 0.051

Platelet count (*109/L)±SD 381±140 380±142 388±137 0.221

Log CA125 (kU/L)±SD 2.80±3.90 2.67±3.98 2.98±3.40 0.459
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Table 5. Perioperative characteristics of study population. Differences, if any, between the group of patients with 30-
day morbidity and those with an uncomplicated postoperative course are tested with Student-T and Chi square tests, 
when applicable. Min=minutes, SCS=Surgical complexity score

Perioperative Characteristics of the Study Population of Patients with Advanced Stage Ovarian Cancer (FIGO 
III-IV)

Study
Population

No complications 30-day morbidity p-value

Type of surgeon, n (%) 0.217

Gynaecologic
oncologist

109(37.2) 77(70.6) 32(29.4)

General
gynaecologist

184(62.8) 117(63.5) 67(36.4)

Operative time <0.0001
Mean

(range)
152 min.
(40-384) 

124 min.
(40-327)

189 min.
(40-384)

SCS,  n (%) <0.0001
1 259 (88.4) 182 (70.3) 77 (29.7)

2 32 (10.9) 12 (37.5) 20 (62.5)

3 2 (0.7) 0 (0) 2 (100)

Table 6. Postoperative characteristics of study population. Differences, if any, between the group of patients with 
30-day morbidity and those with an uncomplicated postoperative course are tested with Student-T and Chi square 
tests, when applicable.

Postoperative Characteristics of the Study Population of Patients with Advanced Stage Ovarian Cancer (FIGO 
III-IV)

Study
Population

No complications 30-day morbidity p-value

Number of patients (n)
Postoperative 
parameters
FIGO, n (%) 0.228

 III 245 (83.6) 162 (66.1) 83 (33.9)

 IV 48 (16.4) 32 (66.7) 16 (33.3)

Differentiation, n (%) 0.051

 1 17 (5.8) 8(47.1) 9 (52.9)

 2 96 (32.8) 55 (57.3) 41 (42.7)

 3 139 (47.4) 97 (69.8) 42 (30.2)

 unknown 41 (14.0) 34(82.9) 7 (17.1)

Residual disease, n (%) 0.991

No macroscopic disease 67 (22.9) 45 (67.2) 22 (32.8)

 <1cm 69 (23.5) 45 (65.2) 24 (34.8)

 >1cm 157 (53.6) 104 (66.2) 53(33.8)

Histology, n(%) 0.162

 Serous 209(71.3) 142 (67.9) 67 (32.1)

 endometrioid 22(7.5) 14 (63.6) 8 (36.4)

 mucinous 17 (5.8) 7 (41.2) 10 (58.8)

 Clear cell 10(3.4) 7 (70.0) 3 (30.0)

 Undifferentiated
adenocarcinoma

26 (8.9) 20 (76.9) 6 (23.1)
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Initial predictive parameters for 30-day morbidity

Median age was higher in the group of patients with 30-day morbidity when compared to the 
group of patients without complications, 66.7±12.2 vs. 62.5±11.3 years with P=0.012. WHO 
performance status was significantly better in the group of patients with an uncomplicated 
postoperative course (P=0.043). Co-morbidity status, preoperative haemoglobine, serum 
CA125 level, platelet count, and presence of ascites were comparable in both groups. (Table 4)
Mean operative time differed markedly between those patients with 30-day major morbidity 
and those without complications, 189± 93 vs. 124± 61 minutes with P<0.0001. SCS was >1 in 
22 (22.2%) patients with 30-day morbidity vs. 12 (6.2%) patients without complications with 
P<0.0001. (Table 5)
Optimal cytoreduction rate, type of surgeon, histology, histological differentiation and FIGO 
stage were similar in both groups. (Table 6)

Uni- and multivariate analysis of predictors for 30-day major morbidity

The results of the univariate analyses are depicted in table 7. The variables with P<0.50 in the uni-
variate analysis were assessed by multivariate Cox’ regression, utilizing a backward elimination 
procedure. Postoperative morbidity could be predicted by age (P = 0.007; OR 1.034), WHO perfor-
mance status (P= 0.046; OR 1.757), extent of surgery (P= 0.1308; OR=2.101), and operative time 
(P = 0.017; OR 1.007) with a c-statistic of 0.73. In other words our model accurately discriminated 

Table 7. Univariate analysis of the potential predictors of 30-day morbidity. Parameters with p<0.50 were included in 
the multivariate Cox’ regression analysis. OR= odds ratio; NS=not significant; CI=confidence interval; CCI=Charlson 
comorbidity index; SCS=surgery complexity score.

Univariate analysis of predictors of 30-day morbidity
Variable Significance OR (95% CI)

Preoperative parameters
Age 0.013 1.028 (1.006 - 1.050)

WHO performance status 0.018 1.977 (1.191 - 3.280)

CCI 0.913 1.173 (0.654 - 2.110)

Presence of ascites 0.947 0.976 (0.480 - 1.990)

Preoperative serum parameters
Haemoglobin 0.062 0.976 (0.952- 1.000)

Platelet count 0.366 1.001 (0.999 - 1.000)

Log CA125 0.430 1.069 (0.905 - 1.260)

Postoperative parameters
Residual tumour < 1cm 0.991 0.997 (0.614 - 1.620)

Histological differentiation

Histology

0.080

0.324

1.304 (0.770 - 2.210)
0.662 (0.241 - 1.820)

FIGO stage 0.942 0.976 (0.506 - 1.880)

Type of surgeon 0.218 1.378 (0.827 - 2.290)

SCS <0.0001 4.333 (2.042 - 9.190)

Operative time 0.002 1.008 (1.003 - 1.010)
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patients with and without 30-day morbidity in 73% of the time. Because our model was devel-
oped and evaluated on the same data, the performance of the model is too optimistic. To correct 
for the optimism in discriminative ability, the steps taken in Cox regression were internally vali-
dated by 200 random bootstrap samples. The for optimism corrected c-statistic was 0.68 (Table 
5). A shrinkage factor of 0.79 was estimated from the bootstrap procedure. This indicates that 
in case of replication of this analysis, the resulting coefficients of the final model are on average 
0.79 smaller. The generated nomogram, consisting of age, WHO performance status, extent of 
surgery, and operative time, for the probability of 30-day morbidity is depicted in figure 1. 

DISCUSSION

In the above study we identified predictors for postoperative morbidity and mortality after 
primary cytoreductive surgery for advanced stage EOC. Age, WHO performance status, opera-
tive time and extent of surgery were predictive for 30-day morbidity. With these parameters a 
nomogram was generated to predict operative risk in the individual patient.

0 10 20 30 40 50 60 70 80 90 100
Points

 0 10 20 30 40  50 60 70 80 90 100

Age in Years
30 35 40 45 50 55 60 65 70 75 80 85 90

Operative time (min )Operative time (min.)
0 50 100 150 200 250 300 350 400

WHO PS
0 1

>1

0 1

SCS
1

>1

Total Points
  0  20  40  60  80 100 120 140 160 180 200

Chance of 30-day morbidity
0.1 0.2 0.4 0.6 0.8

Figure 1. Nomogram for prediction of 30-day morbidity.
For each level of predictive factors there is a number of points allocated at the point scale above. By adding the 
points of each parameter, the total points could be calculated. This number represents the probability of 30-day 
morbidity. 
For example in a 80-year-old patient [57 points] with respectively a WHO 0 performance status [0 points], SCS of 1 [0 
points] and operative time of 150 minutes [37 points] the total score is 94 points (57+37+0+0) representing a 38% 
change of 30-day morbidity.
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The ability to perform cytoreduction to minimal residual disease determines disease free 
interval and survival in patients with advanced stage EOC.7, 61 Aggressive surgical procedure 
including upper abdominal procedures increases optimal cytoreduction rates, resulting in 
improved overall survival.99, 100 However extensive surgical procedures are inevitably related 
to operative morbidity and mortality.
Postoperative morbidity after primary cytoreductive surgery for advanced stage ovarian 
cancer is reported inconsistently, without standard definitions of postoperative morbidity. 
Unadjusted morbidity rates range between 11 and 67%.36-46 In our study one out of three 
patients experienced a major complication. 
Although overall POM is low with a mean POM rate of 2.8%, POM rates in the elderly are signifi-
cantly higher ranging from 5.4% till 11.7%.72, 73, 81, 93 
To provide accurate reference figures an international standard for data collection and report-
ing of 30-day morbidity needs to be established. In our opinion these standard could be 
derived from the National Surgical Quality Improvement Program (NSQIP) methodology.90, 98 
This risk-adjustment program started in 1994, and generates periodically observed/expected 
ratios for 30-day morbidity and mortality after major surgical procedures. With these data 
inter- and intra-institutional audits are performed to identify structural and procedural failures 
at the participating hospitals. Ten year after its introduction the overall morbidity- and mortal-
ity rates after major surgery decreased significantly.

Predictive parameters for postoperative complications after primary cytoreduction for advanced 
stage EOC are age, performance status, co-morbidity and extent of surgery. Aletti and colleagues 

developed a risk-adjustment model for primary surgery in advanced stage EOC. Independent 
predictors of 30-day morbidity were serum albumin level, performance status (ASA) and surgical 
complexity. 91 In our study those parameters were also predictive for morbidity. Unfortunately, 
albumin level was not available in most patients and for this reason not included in our analysis. 
Our generated nomogram facilitates prediction of 30-day morbidity in daily clinical practice and 
provides objective parameters to identify those patients who might benefit from an alternative 
treatment approach with neoadjuvant chemotherapy followed by interval debulking surgery. 
The actual value of this approach is still under debate, but several studies show comparable 
survival outcomes with less operative morbidity at least in a subgroup of patients. 12, 14, 15, 101 

The importance of individual risk assessment is even more important in the elderly.
Cytoreductive surgery for EOC at higher age is associated with increased morbidity and mor-
tality. Exclusion criteria may, however, seriously confound comparisons and information on 
co-morbidity and performance status is necessary to interpret results in elderly series. In our 
opinion maximal cytoreduction is feasible in the majority of patients at higher age. Prediction 
models for operative risk can improve management in this enlarging subgroup of patients by 
determining individual risk profiles.74
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Our study has several limitations; due to the retrospective nature of data collection the actual 
rate of complications could be underscored.
Second, the optimal cytoreduction rate in our study was lower when compared to reports 
from specialized centres. This supports the general opinion that treatment of patients with 
an advanced stage EOC should be performed in high volume hospitals with specialized sur-
geons.7 However, since its insidious onset, heterogeneous presentation, and clinical course, 
the vast majority of patients will be referred after an initial examination in a general hospital 
by a general gynecologist. An accurate preoperative assessment on resectability and opera-
tive risk is therefore essential to guarantee proper decision making and management of these 
patients. As suggested by other authors risk-adjustment models should be developed in a 
general population rather than in a selection of patients treated in specialized high volume 
hospitals.36

Finally, our nomogram was internally validated by bootstrapping. However, before applying 
the nomogram in daily clinical practise, the nomogram needs to be externally validated.
In conclusion, we developed and internally validated a nomogram predicting 30-day morbid-
ity after primary cytoreductive surgery for advanced stage EOC.
This nomogram is valuable for predicting operative risk in the individual patient.
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ABSTRACT

Objectives: Prognosis in ovarian cancer patients mainly depends on FIGO stage and the ability 
to perform optimal cytoreductive surgery. Since ovarian cancer has a heterogeneous presen-
tation and clinical course, predicting progression-free (PFS) and overall survival (OS) in the 
individual patient is difficult. The objective of this study is to determine predictors of PFS and 
OS in patients with advanced stage epithelial ovarian cancer (EOC) after primary cytoreductive 
surgery and first-line platinum-based chemotherapy.
Materials and Methods: All patients who underwent primary cytoreductive surgery for 
advanced stage EOC followed by first-line platinum-based chemotherapy at three regional 
clinics between January 1998 and October 2004 were identified from the Ovarian Cancer 
Database. To investigate independent predictors of PFS and OS, a Cox’ proportional hazard 
model was utilized. Nomograms were generated with the identified predictive parameters.
Results: A total of 118 patients entered the study protocol. Median PFS and OS were 15 and 
44 months, respectively. Preoperative platelet count (P=0.007), and residual disease <1 cm 
(P=0.004) predicted PFS with a for optimism corrected c-statistic of 0.63. Predictive parameters 
for OS were preoperative haemoglobin serum concentration (P=0.012), preoperative platelet 
counts (P=0.031) and residual disease <1 cm (P=0.028) with a for optimism corrected c-statistic 
of 0.67.
Conclusions: PFS could be predicted by postoperative residual disease and pre-operative 
platelet counts whereas residual disease, preoperative platelet counts and preoperative hae-
moglobin serum concentration were predictive for OS. The proposed nomograms needs to be 
externally validated.
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INTRODUCTION

With approximately 1,500 new cases and 1,100 deaths annually, ovarian cancer is the leading 
cause of death from gynecological malignancies in the Netherlands.1 Worldwide, approxi-
mately 192,000 women are annually diagnosed with ovarian cancer.2 The majority (>80 %) of 
these malignant ovarian tumours are epithelial carcinomas.3 Ovarian cancer is the second most 
frequent gynecological cancer in developed countries. It is the fourth most common cause of 
cancer-related death in women worldwide, accounting for 5% of all cancer deaths in women.4 
The average five-year survival rate of women with epithelial ovarian cancer is 43%, however 
up to 65% will eventually die from the disease.5 Due to the insidious onset of the disease, the 
majority of cases are not detected before the disease progressed to an advanced stage.6 
The standard of care treatment for advanced ovarian cancer, defined by the International Fed-
eration of Gynecology and Obstetrics (FIGO) as stage IIB-IV7, consists of upfront cytoreductive 
surgery, followed by platinum-based intravenous chemotherapy.8,9 
Achieving resection of all macroscopic disease to lesions <1 cm, and preferably complete 
resection of all macroscopic disease, by upfront cytoreductive surgery offers the best progno-
sis for patients with advanced ovarian cancer in terms of survival.10,11 Median survival increases 
with 5.5% for every 10% gain in optimal surgical cytoreduction rate.10 
However, residual disease is not the only predictor for survival. Other predictive parameters 
include age, performance status, race, tumour grade, histology, FIGO stage, pre-operative 
CA125 serum concentration, pre-operative haemoglobin, pre-operative platelet count, the 
presence or absence of ascites, and various molecular markers.12-15 
To provide better information to the patient and to select the most optimal treatment for the 
individual patient, prediction models for outcome are extremely valuable. Alternatively, these 
models may serve as instruments to assess the efficacy of treatment. Nomograms have been 
developed as predictive tools for outcomes in malignancies such as prostate cancer, sarcoma, 
and gastric carcinoma.16-18 A limited number of nomograms for survival in ovarian cancer have 
been proposed previously.19,20 These nomograms consist of respectively nine and six param-
eters and, as a consequence, are inconvenient to use in daily routine practice. Hence, a simple 
nomogram for survival in ovarian cancer is desired. 
The objective of this study was to develop a nomogram to predict the probability of a 5-year 
PFS and OS after primary cytoreductive surgery followed by paclitaxel/ platinum-based che-
motherapy for advanced stage epithelial ovarian cancer that relies on less clinical parameters 
in comparison to the previous reported nomograms. 
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MATERIALS AND METHODS

Selection of patients and study design

All patients with ovarian cancer who underwent primary cytoreductive surgery followed by 
platinum-based chemotherapy at three regional clinics between January 1998 and October 
2004 were identified from the Ovarian Cancer Database. Patients with advanced ovarian cancer, 
defined as FIGO stage IIB-IV were eligible for the study. Patients with respectively non-epithelial 
ovarian carcinoma, a history of prior cancer and those receiving neoadjuvant chemotherapy 
were excluded. The studied population is a subset of patients described previously.21 

The study was approved by the Medical Ethical Committee and was performed according to 
the standards outlined in the Declaration of Helsinki.

Pre-operative assessments

Standard preoperative work-up of the patients consisted of patient history, physical exami-
nation and transvaginal sonography (TVS). CT-scans were electively made at the discretion 
of the attending physician. Blood samples for measurement of CA 125, blood platelet count, 
haemoglobin, albumin and lactate dehydrogenase (LDH) serum concentrations were with-
drawn within one week prior to surgery. CA 125 was assessed by enzyme immunoassay (Roche 
E170) using a sandwich method with chemoluminescence (Roche Diagnostics BV, Almere, the 
Netherlands). The inter- and intra-assay coefficient of variance were 2.8 and 0.2%, respectively. 
Serum levels of LDH and albumin were assessed by a Hitachi 917 system (Roche GmbH, 
Mannheim, Germany). The blood platelet count and haemoglobin were assessed by a Sysmex 
XE 2100 system (Sysmex Corporation, Kobe, Japan).

Treatment regimen

Upfront cytoreductive surgery was performed by abdominal midline incision. This procedure 
was characterized by total hysterectomy, bilateral salpingo-oophorectomy (BSO), sampling of 
any intraperitoneal fluid, omentectomy and resection of all visible and palpable bulky tumor. 
Bowel resection, pancreas resection, splenectomy, diaphragmatic stripping, partial liver resec-
tion and lymphadenectomy were performed if warranted to achieve an optimal cytoreduc-
tion. The aim of this procedure was to resect all macroscopic tumour or at least to lesions < 
1 cm.10 Surgery was performed by gynecological oncologists or gynecologists with specific 
oncological expertise.
Following surgical debulking, patients received 6 to 9 cycles paclitaxel (175 mg/m2) carbo-
platin (AUC 6), paclitaxel (175 mg/m2) cisplatin (75 mg/m2) or induction therapy with weekly 
paclitaxel (90 mg/m2) carboplatin (AUC 6) aiming to achieve a sustained remission of the 
disease. Patients with residual disease >1cm after primary cytoreductive surgery underwent 
interval debulking surgery after induction chemotherapy.
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Follow-up assessments

Subsequent to the initial treatment, patients were followed up at regular intervals by a gyne-
cological oncologist and medical oncologist. Standard follow-up examination consisted of 
general physical and gynecological examination, transvaginal ultrasound and/or CT-scans, and 
serum CA 125 levels. Response and progression were defined according to the RECIST criteria 
and GCIG modifications.22,23 Patients with recurrent disease received three-weekly or weekly 
cycles with paclitaxel/platinum and secondary cytoreductive surgery if warranted. Follow-up 
data were available until June 2006. 

Histo-pathological assessment

Tissue obtained by surgical staging, upfront debulking, and interval debulking was histologi-
cally classified as serous, mucinous, endometroid, clear cell, and undifferentiated adenocar-
cinoma. Differentiation was classified in grade 1 to 3, according to the Silverberg criteria.24 
Subsequently, stage of the disease was determined according to FIGO guidelines.7

Study parameters and outcome measures

Preoperative parameters for analysis were patients’ age, clinical condition according to the 
WHO performance scale, presence of ascites prior to surgery, and CA 125, blood platelet, 
haemoglobin, albumin and LDH serum concentrations. Ascites was defined as the presence of 
any pelvic fluid on ultrasound, CT-scan and/or at laparotomy.
Postoperative parameters for analysis were residual tumour, histology, histological differen-
tiation and FIGO stage. The primary outcome measure was OS and the secondary outcome 
measures were response and PFS. Operation date was considered the starting point of patient 
PFS and OS. End points in PFS were disease progression, death, or last follow-up date. End 
points in patient OS were death , or last follow-up date. 

Statistical Analysis

Data analysis, utilizing the software package SPSS 14.0 (SPSS, Chicago, IL, USA) and Graphpad 
Prism 5.01 (Graphpad Software, San Diego, CA, USA), was performed on all patients fulfilling 
in- and exclusion criteria of the study. The Student-t test was utilized to compare patients’ age 
and pre-operative serum concentrations of log CA 125, blood platelet, haemoglobin, albumin 
and LDH between the group of patients with progressive disease or who died and the group 
of patients without a recurrence or who were alive at last date of follow-up, respectively. Chi 
square tests were used to compare the preoperative presence of ascites, FIGO stage, presence 
of postoperative residual disease, response, histological differentiation and histology between 
the groups of patients with progressive disease or who died of their disease to the group of 
patients without a recurrence or who were alive at last date of follow-up, respectively. The 
Kaplan-Meier method was applied for calculating PFS and OS. Based on the univariate analysis, 
initial predictive parameters for PFS and OS with P < 0.30 were selected to be assessed by mul-
tivariate Cox’ regression analysis with backward stepwise elimination. The selected parameters 
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were entered into a prognostic model. We accounted for missing values by multiple imputa-
tion.25 
The discriminative ability of the prognostic model, or the ability to distinguish patients with 
the poor outcome from patients with a favorable outcome, was expressed by means of the 
c-statistic.26 The internal validity of the model was tested by a bootstrapping method in which 
the selection and estimation process was repeated 200 times. Each of these repetitions con-
sisted of creating a new dataset (bootstrap sample) by drawing cases with replacement from 
the original data. The backward stepwise elimination process was performed on this dataset, 
yielding a set of selected predictors and parameter estimates.26,27 Resulting model estimates 
of each bootstrap sample were evaluated on the original data, and a shrinkage factor was 
estimated to correct for statistical over optimism. In addition, a correction for optimism in the 
c-statistic was derived from the bootstrap method. 
Nomograms were generated with the identified predictive parameters. P<0.05 was considered 
as statistically significant.

RESULTS

Recruitment and demographic characteristics of the patients

Of the previously reported dataset, consisting of 179 patients with the clinical suspicion of 
advanced ovarian cancer,21 143 patients were surgically staged as FIGO stage IIB-IV. In 25 
patients surgery was not followed by chemotherapy. This was because of death within 30 days 
after surgery (n=12), poor physical condition (n=5) and patient refusal (n=8). The 118 patients 
who received intravenous platinum-based chemotherapy following upfront surgical cytore-
duction were analyzed for this study. 
The median age of the patients at time of surgery was 62 (range 28-85) years. Median follow-up 
of patients alive at time of analysis was 40 (range 16-94) months. Further details are listed in 
Table 1.

Treatment modalities

An optimal cytoreduction, defined as < 1 cm residual tumour, was established in 57 patients of 
the 118 patients (48.3%). Patients received median 6 (range 1-12) cycles paclitaxel carboplatin 
or cisplatin in a weekly and/or 3-weekly regimen. Further details are depicted in Figure 1.

Treatment outcome

A complete clinical response was achieved in 86 patients (73%). In 14 patients a partial 
response was established and three patients had stable disease. In 15 patients (12.7 %) pro-
gressive disease was observed during first-line chemotherapy. Multivariate logistic regression 
revealed postoperative residual tumor < 1cm as the single prognostic parameter for achieving 
a complete clinical response to therapy (P<0.001). 
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Recurrent disease was observed in 73 patients (62%). The median PFS was 15.4 months (95% 
CI 12.3-18.4 months) with a 5-year PFS probability of 20.5% (95% CI 12.3-28.7%). A total of 
63 patients (53%) died during follow-up. Sixty-two patients died of ovarian cancer and one 
patient died of acute myeloid leukaemia. The median OS was 44.1 months (95% CI 36.6-51.5 
months) with a 5-year OS probability of 32% (CI 26-37%). The overall survival curve is depicted 
in Figure 2.

Initial predictive parameters for survival

The median preoperative serum blood platelet counts were higher in the groups of patients 
with progressive disease and of those who died of their disease when compared to the group 
of patients without recurrence and those alive at last follow-up date, 332 ± 124 and 334 ± 127 
vs. 251 ± 122 and 267 ± 115*109/L with P = 0.005 and < 0.0001, respectively (Figure 3). The 
haemoglobin concentrations were lower in patients who died of their disease in comparison 
to those in patients who survived, 7.75 ± 0.90 vs. 8.02 ± 0.67 mmol/L, P = 0.033 (Figure 3). Dif-
ferences in serum haemoglobin concentration between patients with progressive disease and 

Table 1. Patient characteristics of the study population.

Study
Population

Progressive Disease Dead of Disease

Number of patients (n) 118 88 63 

Age (n,%) 

< 50 years 22 (18.6%) 17 (19.3%) 13 (20.6%)

50-59 years 30 (25.4%) 22 (25.0%) 12 (19.0%)

60-69 years 43 (36.4%) 33 (37.5%) 23 (36.5%)

> 70 years 23 (19.5%) 16 (18.2%) 15 (23.8%)

WHO performance (n.%)

WHO 0 46 (39.0%) 36 (40.9%) 20 (31.7%)

WHO I 49 (41.5%) 33 (37.5%) 24 (38.1%)

WHO II 4 (3.4%) 4 (4.5%) 4 (6.3%)

Unknown 19 (16.1%) 15 (17.0%) 15 (23.8%)

FIGO stage (n,%)

II 10 (8.5%) 5 (5.7%) 2 (3.2%)

III 89 (75.4%) 65 (73.9%) 46 (73.0%)

IV 19 (16.1%) 18 (20.5%) 15 (23.8%)

Histologic grade (n,%)

I 6 (5.1%) 2 (2.3%) 1 (1.6%)

II 34 (28.8%) 26 (29.5%) 18 (28.6%)

III 78 (66.1%) 60 (68.2%) 44 (69.8%)

Histological classification (n,%)

Serous 90 (76.3%) 67 (76.1%) 46 (73.0%)

Mucinous 11 (9.3%) 8 (9.1%) 8 (12.7%)

Undifferentiated 8 (6.8%) 8 (9.1%) 5 (7.9%)

Miscellaneous 9 (7.6%) 5 (5.7%) 4 (6.3%)
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Patients Receiving Chemotherapy
n=118

Paclitaxel  
Carboplatin

81

Paclitaxel 
Cisplatin

31

Alternative 
Chemotherapy

6n=81 n=31 n=6

3-Weekly 
Courses

n=76

Weekly 
Courses

n=5

3-Weekly 
Courses

n=25

Weekly 
Courses

n=5

Follow-up

Figure 1. Flow chart of all 118 patients receiving intravenous chemotherapy following upfront surgical 
cytoreduction. Patients received courses of concomitant paclitaxel (175 mg/m2) carboplatin (AUC 6) or paclitaxel 
(175 mg/m2) cisplatin (75 mg/m2) every week or three-weekly. A total of six patients received an alternative 
chemotherapeutic regimen.

Figure2. Kaplan-Meier survival curve of patients with advanced ovarian cancer (n = 118) undergoing upfront surgical 
cytoreduction followed by courses of intravenous chemotherapy. The black line represents the overall survival (OS) 
and the dotted black line represents the progression-free survival (PFS).
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patients in remission were not significant. Preoperative performance status, serum albumin, 
LDH, logarithmically transformed CA 125 level and presence of ascites were comparable in all 
groups (Table 2 and 3). 
Postoperative residual tumour > 1cm was more frequently observed in the progressive disease 
and death of disease groups of patients when compared to the remission and survivor groups, 
52 and 43 vs. 9 and 18; P < 0.006 and <0.0001 (Table 2 and 3). 
Histology, histological differentiation and FIGO stage were similar in all groups (data not shown).

Multivariate analysis of predictors for survival

The variables showing a statistical difference between the group of patients with progressive 
disease and those in remission in the univariate analysis were assessed by multivariate Cox’ 
regression, utilizing a backward elimination procedure. PFS could be predicted by preopera-
tive blood platelet counts (P=0.007) and postoperative residual tumour < 1 cm (P=0.004) were 
able to predict PFS with a for optimism corrected c-statistic of 0.63 (Table 4). The shrinkage 

Figure 3Figure 3. Box and whisker plots of pre-operative blood platelet counts(top) and haemoglobin (bottom) serum 
concentrations in patients with an advanced stage of epithelial ovarian cancer. Top panels: The left plot represents 
blood platelet counts in patients with recurrent disease compared to the counts in patients in remission. The right plot 
represents the blood platelet counts in patients who died of their disease compared those of patients alive with or 
without disease. Bottom panels: The left plot represents serum haemoglobin concentrations in patients with recurrent 
disease compared to the concentrations in patients in remission. The right plot represents the serum haemoglobin 
concentrations in patients who died of their disease compared those of patients alive with or without disease.



92

Chapter 5

Table 2. Predictive parameters for progression-free survival in patients with advanced stage of epithelial ovarian 
cancer. Differences, if any, between the group of patients with progressive disease and those with no evidence of 
disease are tested with Student-T and Chi square tests, when applicable. Data are presented as median and range 
between brackets or in absolute numbers with standard deviation, when applicable.

Recurrent 
Disease 

No evidence of disease Significance

Number of patients (n) 88 30

Preoperative parameters
Age (years) 62 (28-85) 61 (30-83) 0.958
Presence of ascites (n) 63 (71.6%) 20 (66.7%) 0.610

Preoperative serum parameters
Haemoglobin (mmol/L) 7.83 ± 0.85 8.03 ± 0.68 0.125
Platelet count (*109/L) 332.0 ± 124.4 251 ± 122.8 0.005
Log CA 125 (kU/L) 2.71 ± 3.36 2.53 ± 3.55 0.053
Albumin (g/L) 34 ± 8.02 34.5 ± 10.59 0.964
LDH (E/l) 408.5 ± 247.0 375 ± 527.48 0.558

Postoperative parameters
FIGO stage (n) 0.082
II 5 5
III 65 24
IV 18 1
Residual tumour (n) 0.006
< 1 cm 36 (40.9%) 21 (70%)
> 1 cm 52 (59.1%) 9 (30%)

Table 3. Predictive parameters for overall survival in patients with an advanced stage of epithelial ovarian cancer. 
Differences, if any, between the group of patients who died and those with alive with or without disease are tested 
with Mann-Whitney U and Chi square tests, when applicable. Data are presented as median (range) or in absolute 
numbers with standard deviation, when applicable.

Dead of Disease 
Alive with or without 

Disease
Significance

Number of patients (n) 63 55

Preoperative parameters
Age (years) 64.0 (28-85) 59.7 (30-83) 0.395
Presence of ascites, n(%) 45 (71) 38 (69) 0.782

Preoperative serum parameters
Haemoglobin (mmol/L) 7.75 ± 0.90 8.02 ± 0.67 0.033
Platelet count (*109/L) 334 ± 127 267 ± 115 <0.0001
Log CA 125 (kU/L) 2.68 ± 3.19 3.25 ± 3.72 0.405
Albumin (g/L) 32 ± 7.77 36.5 ± 9.67 0.252
LDH (E/l) 408 ± 273.7 395 ± 396 0.653

Postoperative parameters
FIGO stage (n) 0.061
II 2 8
III 46 43
IV 15 4
Residual tumour, n(%) <0.0001
< 1 cm 20 (32) 37 (67)
> 1 cm 43 (68) 18 (33)
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factor of 0.27 was estimated from the bootstrap procedure. This indicates that in case of repli-
cation of this analysis, the resulting coefficients of the final model are on average 0.27 smaller. 
The generated nomogram, consisting of blood platelet counts and residual tumour, for the 
probability of 5-year PFS is depicted in Figure 4. 
The initial predictive parameters for OS were assessed by a similar method of multivariate 
analysis. OS could be predicted by preoperative blood platelet counts (P = 0.031), preoperative 
haemoglobin serum concentrations (P = 0.012) and postoperative residual tumour < 1 cm (P 
= 0.028) were able to predict OS with a for optimism corrected c-statistic of 0.67 (Table 4). The 
resulting nomogram for OS, consisting of blood platelet counts, haemoglobin and residual 
tumour, is depicted in Figure 5. 

Table 4. Multivariate Cox’ regression analysis with backward stepwise elimination. With the potential predictive 
parameters for progression-free and overall survival in patients with an advanced stage of epithelial ovarian cancer. 
Optimism corrected c-statistics were 0.63 and 0.67, respectively. HR= hazard ratio; NS=not significant; CI=confidence 
interval.

Variable Progression-free survival Overall survival

Significance HR (95% CI) Significance HR (95%CI)
Preoperative parameters

Age (years) NS NS

WHO performance status

Presence of ascites 

NS

NS

NS

NS

Preoperative serum parameters

Haemoglobin NS 0.012 0.70 
(0.52-0.92)

Platelet count 0.007 1.002
(1.001-1.003)

0.031 1.002 
(1.000-1.004)

Log CA 125 NS NS

Albumin NS NS

LDH NS NS

Postoperative parameters

Residual tumour < 1cm 0.004 0.50 (0.31-0.80) 0.028 0.50 (0.27-0.93)

Histological differentiation

Histology

NS

NS

NS

NS

FIGO stage NS NS
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DISCUSSION

Data of the presented study showed that survival for the individual patient with advanced 
epithelial ovarian cancer was predictable by their preoperative blood platelet counts and 
haemoglobin serum concentrations in addition to postoperative residual tumour. 
Following upfront cytoreductive surgery and subsequent paclitaxel carboplatin cycles, the 
specific estimate for the survival outcomes in each individual patient with advanced epithe-
lial ovarian cancer is inaccurate when these estimates are based on FIGO data.6 These data 
represent overall survival stratified for FIGO stage and postoperative residual tumour. As a 
result, counselling of the patients following treatment often results in inaccurate estimations 
of prognosis. 
Although postoperative residual tumor is a strong predictor for prognosis10,11, we dem-
onstrated that it was not the only predictive parameter for survival in advanced epithelial 
ovarian cancer. Several other parameters have been suggested to be predictive for survival 
in advanced ovarian cancer including age13, performance status29, tumor histology30, histo-
logical grade31, presence of ascites14,32, and preoperative blood platelets33,34, hemoglobin32, 
albumin29,35, LDH36, and CA12535,36,37 serum concentrations. Most of these studies focused on 
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Figure 4. Nomogram for prediction of 5-year progression-free survival (PFS).
For each level of prognostic factors there is a number of points allocated at the point scale above. By adding the 
points of each parameter, the total points could be calculated. This number represents the probability of 5-year 
progression-free survival (PFS). For example: patient A; Platelets; 375 [40 points]; Residual tumour < 1cm [0 points]; 
total score 40+0= 40 points; probability of 5-year progression-free survival: 27%.
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identification of prognostic parameters. Multivariate analysis of these predictors attempts to 
exclude interrelated factors and by combining the remaining predictors outcome in advanced 
ovarian cancer may be predicted. 
When analyzed in these terms, this study was able to generate a nomogram for predicting 
both the PFS and OS in advanced ovarian cancer. While prediction of PFS may be of value for 
determining trial eligibility criteria and designing alternative therapeutic strategies, in addition 
prediction of OS is particularly valuable for counselling the patients in addition to the previ-
ously mentioned arguments. Alternative nomograms for the prediction of overall survival have 
been proposed previously.19,20 These nomograms consisted of six to nine predictive param-
eters. However, the contribution of tumour histology and histological grade in predicting 
survival was limited to 20 of the 240 points in the nomogram proposed by Chi et al. The goal 
of this study was to design a simple nomogram that is suitable for utilization in daily routine 
practice. In our opinion, a nomogram of three parameters is better suited for this purpose. 
Moreover, the c-statistic of our nomogram was similar to the nomogram proposed by Chi et al. 
Analyses aiming to predict survival in advanced ovarian cancer should include clinical, histo-
pathological, and (peri)operative parameters. However, a recently proposed prognostic index, 
without including preoperative serum parameters38, could be externally validated.39 Although 
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Figure 5. Nomogram for prediction of 5-year overall survival (OS).
For each level of prognostic factors there is a number of points allocated at the point scale above. By adding the 
points of each parameter, the total points could be calculated. This number represents the probability of 5-year 
overall survival (OS). For example in a patients with respectively haemoglobin = 9 [20 points], platelets = 375 [40 
points], and residual tumour < 1cm [0 points] the total score is 60 points (20+40+0) representing a 55% probability 
of 5-year survival.
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in the univariate analysis more parameters showed to be predictive, solely post operative 
residual tumour and preoperative blood platelet and/or hemoglobin serum concentrations 
were predictive in the final model indicating that the other parameters may be interrelated 
to the predictive parameters in the final model. Indeed, a previous report demonstrated that 
preoperative albumin and CA125 serum concentrations are strongly related to postoperative 
residual tumour.21 Other parameters may have been omitted for similar reasons. 
The proposed nomograms were internally validated by bootstrapping. However, the external 
validation of the nomograms is still lacking, thus the nomograms are not yet suitable for 
application in daily routine practice. In addition, external validation of the models in a large 
population of patients with advanced ovarian cancer may overcome the limitation that the 
model may solely be applicable in this relatively small population of patients with advanced 
ovarian cancer. 
In conclusion, we developed and internally validated a 2-variable nomogram for predicting 
PFS and a 3-variable nomogram for predicting OS in patients undergoing upfront surgical 
cytoreduction followed by paclitaxel platinum-based chemotherapy for advanced stage 
epithelial ovarian cancer. The nomogram for predicting PFS maybe valuable for academic 
purposes while the nomogram for predicting OS is extremely valuable for counseling patients, 
follow-up logistics, determine trial eligibility criteria, and electing tailored treatment strate-
gies. The individual OS of patients could be predicted accurately with a c-statistic of 0.67. Prior 
to applying the nomogram in daily routine practice, the nomogram needs to be externally 
validated.
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This thesis aims to evaluate the value of prediction models in determining treatment strategies 
in patients with advanced stage epithelial ovarian cancer (EOC). 
In this final chapter the content of this thesis is discussed and recommendations for further 
research are suggested.

6.1 Prediction of suboptimal cytoreduction

Although the course of disease in patients with advanced stage EOC is to some extent 
determined by preoperative tumor spread and biologic characteristics of the tumor, multiple 
studies have shown the survival benefit of optimal cytoreduction, with the best outcome in 
patients with no macroscopic tumor residuals after cytoreductive surgery. 1, 2 On the other 
hand patients with residual disease >1cm after primary cytoreduction will not have a sub-
stantial survival advantage from this procedure.3, 4 These patients will probably benefit from 
an alternative approach with neo-adjuvant chemotherapy followed by interval cytoreductive 
surgery.5 To determine the actual value of neo-adjuvant chemotherapy, the European Organi-
sation for Research and Treatment of Cancer (EORTC) initiated a randomized trial to compare 
these two treatment approaches in patients with FIGO stage IIIC and IV EOC. The first results of 
these trial show no difference in overall survival between both treatment strategies and less 
operative morbidity in the neo-adjuvant chemotherapy arm.6 
Together with the advantage of avoidance of aggressive surgery in women with chemoresis-
tant disease, these data support an alternative management in patients with high chances on 
suboptimal cytoreduction or with an increased operative risk. 
The preoperative assessment of expected stage of disease and expected residual disease 
after cytoreduction becomes even more important to facilitate a more tailored treatment. 
Furthermore, an adequate assessment could improve counselling patients to their chances 
of extensive surgical procedures and in the decision whether or not to refer the patient to an 
expert centre.
In clinical practise this preoperative assessment is most often based on a subjective assessment 
based on clinical features and experience. Our study on the accuracy and reproducibility of this 
offhand assessment of residual disease showed the limitations of this assessment. (Chapter 
2.1) This study was designed to evaluate the inter-observer reproducibility and lacked the 
statistical power to determine the actual predictive performance of the offhand assessment. 
However, the observed poor reproducibility of the offhand assessment offers opportunities for 
prediction models to improve management of patients with advanced stage EOC. 
Unfortunately, currently available predictors are not accurate enough to guarantee proper 
management. Our study, described in chapter 2.2, is the second large multicentre prospec-
tive study on CT predictors of suboptimal cytoreduction. Preoperative platelet count, diffuse 
peritoneal thickening and presence of ascites on at least two thirds of CT scan cuts were identi-
fied and used to generate a nomogram. Our model accurately discriminates patients with and 
without suboptimal cytoreduction in 74 % of the time. Nevertheless, our current study has 
several limitations that must be recognized and considered in interpreting these data. 
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Firstly, selection of predictors in relatively small data sets incorporates a risk of overfitting or 
overestimation of regression coefficients. To prevent overfitting the number of possible pre-
dictive parameters should be in reasonable balance with the number of events. In general the 
number of events per parameter should be at least ten. In our studies we adopted the method-
ology as described by Steyerberg et al. They suggest to select a limited set of important earlier 
described predictors and improve performance by shrinkage of the regression coefficients.7 
Secondly, we were not able to account for the impact of surgeon’s skills and philosophy on 
surgical outcome. This parameter is one of the key determinants of optimal surgical resection, 
but essentially impossible to control or study. The impact of surgeon capacities and philosophy 
could possibly be embedded in future prediction models by calculating a personal optimal 
cytoreduction rate. Including optimal cytoreduction rate in future prediction models could 
also correct for differences between institutions. 
Thirdly, we include all patients with stage III-IV EOC, whilst the only patients who will need sub-
stantial cytoreduction are those with bulky disease. Future studies on prediction of suboptimal 
cytoreduction should limit their inclusion to stage IIIC (with bulky disease) and stage IV EOC. 
A new sub classification of stage IIIC disease seems obligatory, since current FIGO guidelines 
classifies both patients with positive retroperitoneal or inguinal nodes and patients with 
extensive upper-abdominal disease as stage IIIC disease. Obviously those two patient groups 
are not comparable with respect to chances on optimal cytoreduction and prognosis. 
The same argument can be made with respect to inclusion of all histologic types. Given the 
prognostic differences between different histologic types, future trials should also stratify for 
histologic type. Since serous histology is by far the most common histologic type in advanced 
stage EOC, focussing on patients with serous histology seems defendable in future trials. The 
other histologic types should be investigated in other trials.
Finally, external validation is mandatory before our nomogram can be used in clinical practise.

In conclusion, due to the heterogeneity of ovarian cancer a perfect prediction model remains 
an illusion. However large prospective multicentre trials with well defined inclusion criteria 
should be able to improve performance or identify more accurate predictors. In the future 
computerized patient files will facilitate easily application and updating of institutional or 
regional prediction models. These models should incorporate the impact of surgeon’s skills 
and philosophy. 
Although accuracy of available models is limited, prediction models on suboptimal cytoreduc-
tion could provide a uniform basis for decision-making on feasibility of optimal cytoreduction 
in a multidisciplinary setting.

6.2 Prediction of 30-day morbidity

According to unadjusted morbidity rates approximately one out of three patients will experi-
ence a serious complication after primary cytoreductive surgery for EOC. 
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Age, performance status and co morbidity status are patient related risk factors for peri- and 
postoperative complications.8, 9

Our systematic review on postoperative mortality (POM) after cytoreductive surgery for EOC 
revealed a mean POM rate of 2.8%, POM rates in the elderly are significantly higher ranging 
from 5.4% till 11.7%.10-13. (Chapter 3.1)
The low operative risk corroborates the current treatment strategy of primary cytoreductive 
surgery followed by paclitaxel/platinum-based chemotherapy in patients with advanced stage 
EOC. For elderly patients with extensive disease and a diminished performance status, other 
treatment strategies may be considered.

POM is more often related to general complications rather than surgical complications, this 
demands improvement of preoperative risk-assessment, preoperative preparation and post-
operative care. (Chapter 3.2)
Uniform registration and definitions of 30-day morbidity are essential to determine the actual 
rate of complications and identification of risk factors for operative morbidity.
The National Surgical Improvement Program (NSQIP) is a prospective risk-adjustment program 
generating periodically observed/expected ratios for 30-day morbidity and mortality after 
major surgical procedures. Due to identification of structural and procedural failures at the 
participating hospitals, morbidity and mortality rates have been decreased significantly.14

We suggest a prospective registration of all peri- and postoperative complications after major 
surgery. This registration should be based on NSQIP definitions.
Treatment of patients with EOC should be limited to hospitals with high quality peri and 
postoperative care.

Risk-adjustment models can provide a more individual and accurate prediction of operative 
risk and corroborate the decision to withheld patients from extensive surgical procedures. 
Prediction models for operative risk can especially improve management in the enlarging 
subgroup of elderly patients by determining individual risk profiles. Our proposed nomogram 
(chapter 4) is to our knowledge the second prediction model on 30-day morbidity after pri-
mary cytoreductive surgery for EOC. Age, WHO performance status, operative time and extent 
of surgery were predictive for 30-day morbidity. Further studies are warranted to validate 
currently available models and to identify preoperative predictors of 30-day morbidity. 

6.3 Prediction of overall survival

Finally prediction of prognosis is an important issue in this heterogeneous patient popula-
tion. In our study on prediction of progression-free and overall survival we confirmed the 
importance of other prognostic factors than FIGO stage alone. (Chapter 5) Platelet count and 
residual disease were indentified as most important predictors. 
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Our series again confirm the importance of residual disease after cytoreduction in patients 
with advanced stage EOC. This advocates aggressive surgical procedures to achieve minimal 
tumor residuals. Highest rates of optimal and complete cytoreduction are achieved in high 
volume hospitals and when surgery is performed by gynecologic oncologists. Referral of all 
patients with suspected advanced stage EOC to specialized hospitals is suggested to improve 
prognosis. 15, 16 
In contrast to other studies on prediction of prognosis with difficult prediction models, the 
annotation in a nomogram in our study facilitates an easy clinical use.17-19

6.4 Conclusion

Ovarian cancer is a heterogeneous disease. This demands an individualization of treatment. In 
this thesis we describe the benefits and limitations of prediction models in managing patients 
with advanced stage EOC. Prediction models can be valuable in determining treatment strate-
gies by providing a more uniform basis for treatment decisions, counselling, and selection of 
patients for clinical trials.
Patients with suspected advanced stage EOC should be treated in high volume hospitals by 
experienced teams with the availability of optimal peri- and postoperative care. The decision 
to perform primary cytoreductive surgery should be based on a reproducible assessment of 
resectability and operative risk. To provide accurate reference figures an international standard 
for data collection and reporting of 30-day morbidity needs to be established.
The proposed prediction models in this thesis may support an objective estimation of surgical 
outcome and prognosis. However, before application in clinical practice external validation is 
warranted. 
Large prospective multi-centre trials are necessary to determine the true value of prediction 
models based on biochemical-, radiological-, clinical- and laparoscopic parameters. Future 
models on prediction of suboptimal cytoreduction should concentrate on patients with 
serous stage IIIC (bulky disease) and IV EOC and incorporate the impact of surgeon’s skills and 
philosophy.
Generated prediction models should be simple and easy to use in daily clinical practise by 
annotation in a nomogram or by development of a computer program. 20 Furthermore, future 
trials should be directed to identify more accurate predictors and to develop new techniques 
which can improve predictive performance.21
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SUMMARY

This thesis aims to evaluate the value of prediction models in determining treatment strategies 
in patients with advanced stage epithelial ovarian cancer (EOC).
The background of treatment and treatment decisions in these heterogeneous patient 
population is described in the first chapter. Chapter 2 investigates the accuracy of an offhand 
clinical assessment of irresectable disease and proposes a predictive model of suboptimal 
cytoreduction based on computed tomography (CT) scan and clinical parameters. Chapter 
3 evaluates the incidence and causes of postoperative mortality after cytoreductive surgery 
for EOC. Chapter 4 aims to identify predictive parameters and generate a predictive model 
of 30-day morbidity. Chapter 5 concerns development of a predictive model of prognosis in 
patients with advanced stage EOC. Finally, chapter 6 discusses the content of this thesis and 
recommendations for further research are suggested. 

Chapter 1.

General introduction

Ovarian cancer is the fourth most common cause of cancer-related death in women and has 
the worst prognosis of all gynecologic cancers. Prognosis mainly depends on the International 
Federation of Gynaecology and Obstetrics (FIGO) stage and the ability to achieve maximal 
cytoreduction with minimal or no macroscopic residual disease.
In the Netherlands each year 1100 new patients are diagnosed and approximately 900 women 
annually die due to this disease. The vast majority of patients presents with an advanced 
stage of disease, defined as FIGO stage IIB-IV. Treatment in advanced stage EOC is based on 
primary cytoreductive surgery followed by paclitaxel/platinum-based chemotherapy. Optimal 
cytoreduction is generally defined as residual disease ≤ 1cm. However, several recent studies 
have shown the prognostic importance of resection to no macroscopic residual tumor. Patients 
with residual disease >1cm after cytoreductive surgery are generally believed to have limited 
survival benefit from this extensive procedure and are probably candidates for an alternative 
treatment approach with neo-adjuvant chemotherapy followed by interval cytoreduction and 
consecutive chemotherapy. An accurate preoperative assessment of patients with advanced 
stage EOC whose disease cannot be optimally cytoreduced at primary surgery may facilitate 
more tailored treatment strategies. In order to increase the accuracy of the preoperative predic-
tion, many authors have attempted to identify specific predictors for suboptimal cytoreduction. 
Unfortunately, presently available predictors and prediction models are not accurate enough 
to achieve widespread applicability. The poor predictive performances can be explained by 
identification of predictors in retrospective studies with mixed inclusion criteria and different 
treatment policies.
Aggressive surgical procedures necessary to achieve maximal cytoreduction are inevitably 
associated with postoperative morbidity and mortality. 
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Postoperative morbidity is reported inconsistently, without standard definitions of postopera-
tive morbidity. Unadjusted morbidity rates range from 11 to 67%. Reports on 30-day mortality 
after primary cytoreductive surgery for ovarian cancer range from 1 to 6.2 per cent. Predictive 
parameters for postoperative complications after primary cytoreduction for advanced stage 
EOC are age, performance status, co-morbidity and extent of surgery.

Chapter 2 

Prediction of suboptimal cytoreduction at primary cytoreductive surgery for advanced 
stage epithelial ovarian cancer. 

Chapter 2.1 

Prediction of residual disease after primary cytoreductive surgery for advanced stage 
ovarian cancer: accuracy of clinical judgment 

An accurate preoperative assessment of patients with advanced stage EOC whose disease 
cannot be optimally cytoreduced at primary surgery may facilitate more tailored treatment 
strategies. In daily clinical practice prediction of irresectable disease is often based on an off-
hand clinical estimation. With this chapter we aim to evaluate the accuracy and reproducibility 
of this judgment. Fifteen observers (5 gynecologic oncologists, 5 gynecologists, and 5 senior 
residents) are offered preoperative data of twenty patients with advanced stage EOC who 
underwent primary cytoreductive surgery. The observers are asked to predict residual disease 
after cytoreductive surgery (≤1 or >1cm). Their estimation is compared to the performance 
of two prediction models. Overall, suboptimal cytoreduction is predicted with a sensitivity of 
50% and a specificity of 56%. The intraclass correlation coefficient is 0.27. 
Chi-square test shows no significant difference in prediction of suboptimal cytoreduction 
between the different subgroups or prediction models.
In conclusion clinical judgment of residual disease after primary cytoreductive surgery in 
patients with advanced stage EOC shows limited accuracy. Given the poor inter-observer 
reproducibility prediction models can attribute to uniform treatment decisions and improve 
counselling.

Chapter 2.2 

Nomogram for suboptimal cytoreduction at primary surgery for advanced stage ovarian 
cancer

In order to determine the actual value of CT scan and clinical predictors we have decided to 
perform a prospective multi-institutional study on prediction of suboptimal cytoreduction at 
primary cytoreductive surgery for advanced stage EOC. With this study we aim to identify CT 



109

Sum
m

ary

scan and clinical predictors and to generate a nomogram for suboptimal cytoreduction easy 
to use in daily clinical practise.
Between October 2005 and December 2008 all patients with primary surgery for suspected 
advanced stage EOC at six participating teaching hospitals in the South Western part of the 
Netherlands enter the study protocol.
To investigate independent predictors of suboptimal cytoreduction, a Cox’ proportional haz-
ard model with backward stepwise elimination is utilized. 
One hundred fifteen patients with FIGO stage III/IV EOC enter the study protocol. Optimal cyto-
reduction is achieved in 52 (45%) patients. A suboptimal cytoreduction can be predicted by 
preoperative blood platelet count (P = 0.1990; OR 1.002), diffuse peritoneal thickening (DPT) 
(P= 0.0074; OR 3.021), and presence of ascites on at least two thirds of CT scan cuts (P = 0.0385; 
OR 2.294) with a for optimism corrected c-statistic of 0.67. The generated nomogram can, after 
external validation, be used to estimate surgical outcome and to identify those patients who 
may benefit from alternative treatment approaches.

Chapter 3. 

Postoperative mortality after surgery for epithelial ovarian cancer.

Chapter 3.1

Postoperative mortality after primary cytoreductive surgery for advanced stage epithelial 
ovarian cancer: A systematic review

Accurate estimation of the risk of postoperative mortality (POM) is essential for the decision 
whether or not to perform cytoreductive surgery in a patient with advanced stage ovarian 
cancer. To ascertain modern reference figures, a systematic review of studies reporting POM 
after primary cytoreductive surgery for advanced stage epithelial ovarian cancer (EOC) is per-
formed. A Medline search is performed to retrieve papers on primary cytoreductive surgery for 
advanced stage EOC. Twenty-three papers met the inclusion criteria and are reviewed. Accord-
ing to population-based studies, POM after primary cytoreductive surgery for EOC is 3.7% on 
average. Single centre studies report an average rate of 2.5%. The overall mean POM is 2.8%. 
POM is more frequent for elderly women and after extensive procedures. Accurate information 
on age-specific and procedure-specific rates can not be obtained.
In conclusion POM rates after surgery for EOC are satisfactorily low. There is a clear need for 
reliable reference figures for mortality after debulking surgery in the elderly.
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Chapter 3.2

Causes of postoperative mortality after surgery for ovarian cancer

To determine causes of postoperative mortality after surgery for EOC all postoperative deaths 
in the South Western part of the Netherlands over a 17-year period are identified and are 
analysed by reviewing medical notes. 
Between 1989 and 2005, 2434 patients undergo cytoreductive surgery for EOC. Sixty-seven 
patients (3.1%) die within 30 days after surgery. Postoperative mortality increases with age 
from 1.5% (26/1765) for the age-group 20-69 to 6.6 % (32/486) for the age-group 70-79 and 
9.8% (18/183) for patients aged 80 years or older. Pulmonary failure (18%) and surgical site 
infection (15%) are the most common causes of death. Only a quarter of deaths result from 
surgical site complications.
Our results suggest that causes of postoperative mortality after surgery for EOC are very 
heterogeneous. Given the impact of general complications, progress in preoperative risk 
assessment, preoperative preparation and postoperative care seem essential to reduce the 
occurrence of fatal complications.

Chapter 4.

Prediction of 30-day morbidity after primary cytoreductive surgery for advanced stage 
ovarian cancer. 

The objective of this chapter is to determine predictors of 30-day morbidity after primary 
cytoreductive surgery for advanced stage EOC. All patients in the South Western part of the 
Netherlands who underwent primary cytoreductive surgery for advanced stage EOC between 
January 2004 and December 2007 are identified from the Rotterdam Cancer Registry database. 
All peri- and postoperative complications within 30 days after surgery are registered and are 
classified according to the definitions of the National Surgical Quality Improvement Program 
(NSQIP).
To investigate independent predictors of 30-day morbidity, a Cox’ proportional hazard model 
with backward stepwise elimination is utilized. The identified predictors are entered into a 
nomogram. Two hundred ninety-three patients enter the study protocol. Optimal cytoreduc-
tion is achieved in 136 (46%) patients. 30-day morbidity is seen in 99 (34%) patients. Postopera-
tive morbidity is predicted by age (P = 0.007; OR 1.034), WHO performance status (P= 0.046; OR 
1.757), extent of surgery (P= 0.1308; OR=2.101), and operative time (P = 0.017; OR 1.007) with a 
for optimism corrected c-statistic of 0.68. The generated nomogram can, after external valida-
tion, be used to estimate surgical outcome and to identify those patients who may benefit 
from alternative treatment approaches.
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Chapter 5.

The prediction of progression-free and overall survival in patients with an advanced stage 
of epithelial ovarian carcinoma.

Since ovarian cancer has a heterogeneous presentation and clinical course, predicting 
progression-free (PFS) and overall survival (OS) in the individual patient is difficult. The objec-
tive of this chapter is to determine predictors of PFS and OS in patients with advanced stage 
epithelial ovarian cancer (EOC) after primary cytoreductive surgery and first-line paclitaxel/
platinum-based chemotherapy.
All patients who underwent primary cytoreductive surgery for advanced stage EOC followed 
by first-line platinum-based chemotherapy at three regional clinics between January 1998 and 
October 2004 are identified from the Ovarian Cancer Database. To investigate independent 
predictors of PFS and OS, a Cox’ proportional hazard model is utilized. Nomograms are gener-
ated with the identified predictive parameters.
Hundred-eighteen patients enter the study protocol. Optimal cytoreduction is achieved in 57 
(48%) patients. Eighty-eight patients (74%) develop progressive disease. Sixty-three patients 
(53%) die. Median PFS and OS are 15 and 44 months, respectively. 
Preoperative platelet count (P=0.007), and residual disease <1 cm (P=0.004) predict PFS with a 
for optimism corrected c-statistic of 0.63. Predictive parameters for OS are preoperative hemo-
globin serum concentration (P=0.012), preoperative platelet counts (P=0.031) and residual 
disease <1cm (P=0.028) with a for optimism corrected c-statistic of 0.67.
In conclusion PFS is predicted by postoperative residual disease and pre-operative platelet 
counts whereas residual disease, preoperative platelet counts and preoperative hemoglobin 
serum concentration are predictive for OS. The proposed nomograms needs to be externally 
validated.

Chapter 6. 

General discussion

Ovarian cancer is a heterogeneous disease. This demands an individualization of treatment. In 
this thesis we describe the benefits and limitations of prediction models in managing patients 
with advanced stage EOC. Prediction models can be valuable in determining treatment strate-
gies by providing a more uniform basis for treatment decisions, counselling, and selection of 
patients for clinical trials.
Patients with suspected advanced stage EOC should be treated in high volume hospitals by 
experienced teams with the availability of optimal peri- and postoperative care. The decision 
to perform primary cytoreductive surgery should be based on a reproducible assessment of 
resectability and operative risk. To provide accurate reference figures an international standard 
for data collection and reporting of 30-day morbidity needs to be established.
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The proposed prediction models in this thesis may support an objective estimation of surgical 
outcome and prognosis. However, before application in clinical practice external validation is 
warranted. 
Large prospective multi-centre trials are necessary to determine the true value of prediction 
models based on biochemical-, radiological-, clinical- and laparoscopic parameters. Future 
models on prediction of suboptimal cytoreduction should concentrate on patients with 
serous stage IIIC (bulky disease) and IV EOC and incorporate the impact of surgeon’s skills and 
philosophy.
Generated prediction models should be simple and easy to use in daily clinical practise by 
annotation in a nomogram or by development of a computer program. Furthermore, future 
trials should be directed to identify more accurate predictors and to develop new techniques 
which can improve predictive performance.
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NEDERLANDSE SAMENVATTING

Het doel van dit proefschrift is het evalueren van de waarde van predictiemodellen bij het 
bepalen van behandelstrategieën bij patiënten met een gevorderd stadium epitheliaal ovari-
umcarcinoom (EOC). 
Hoofdstuk 1 beschrijft de achtergrond van behandeling en van behandelkeuzes in deze 
heterogene patiëntenpopulatie. Het tweede hoofdstuk onderzoekt de waarde van de klini-
sche blik in het voorspellen van het operatieresultaat bij gevorderd stadium EOC. Daarnaast 
wordt een predictiemodel voor suboptimale cytoreductie gebaseerd op computertomografie 
(CT-) scan- en klinische parameters ontwikkeld. Hoofdstuk 3 evalueert de incidentie en de 
oorzaken van postoperatieve sterfte na cytoreductieve chirurgie voor EOC. Hoofdstuk 4 heeft 
als doel factoren te vinden die het optreden van morbiditeit binnen 30 dagen na primaire 
cytoreductieve chirurgie voor gevorderd stadium EOC kunnen voorspellen. Met de gevonden 
factoren wordt een predictiemodel gegenereerd. Hoofdstuk 5 beoogt ontwikkeling van een 
predictiemodel voor prognose in patiënten met een gevorderd stadium EOC. Tot slot, wordt in 
hoofdstuk 6 de inhoud van dit proefschrift bediscussieerd en worden aanbevelingen gedaan 
voor nieuwe onderzoeken in de toekomst. 

HOOFDSTUK 1.

Algemene introductie

Ovariumcarcinoom is de vierde oorzaak van kankergerelateerde sterfte bij vrouwen en heeft 
de slechtste prognose van alle gynaecologische maligniteiten. De prognose wordt voorname-
lijk bepaald door het stadium van de ziekte en de mogelijkheid tot het bereiken van maximale 
cytoreductie met achterlaten van een minimale hoeveelheid tumor. 
In Nederland worden per jaar 1100 nieuwe patiënten met ovariumcarcinoom gediagnos-
ticeerd en ongeveer 900 vrouwen sterven jaarlijks ten gevolge van deze ziekte. De meeste 
patiënten presenteren zich met een gevorderd stadium, dit wordt gedefinieerd als FIGO 
(International Federation of Gynaecology and Obstetrics) stadium IIB-IV. De behandeling van 
gevorderd stadium ovariumcarcinoom bestaat uit primaire cytoreductieve chirurgie gevolgd 
door placlitaxel/platinum bevattende chemotherapie. Patiënten met een suboptimale cytore-
ductie, gedefinieerd als tumorrest > 1cm, hebben over het algemeen weinig overlevingswinst 
van deze uitgebreide procedure en zijn wellicht beter af met een alternatieve behandeling 
middels neo-adjuvante chemotherapie gevolgd door uitgestelde cytoreductieve chirurgie. 
Een adequate preoperatieve beoordeling van patiënten met niet optimaal te reseceren ziekte 
kan zorgen voor een individualisatie van behandelstrategieën. Veel onderzoekers hebben 
geprobeerd specifieke parameters voor suboptimale cytoreductie te vinden waarmee de pre-
operatieve inschatting verbeterd kan worden. Helaas zijn de huidige voorspellende factoren 
en predictiemodellen niet accuraat genoeg om te kunnen worden toegepast in de praktijk. De 
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tegenvallende resultaten kunnen worden verklaard door het feit dat de predictoren geïdenti-
ficeerd zijn in retrospectieve studies met wisselende inclusiecriteria en behandelprotocollen.

Uitgebreide chirurgische procedures die nodig zijn om maximale cytoreductie te bereiken 
zijn onherroepelijk geassocieerd met postoperatieve morbiditeit en mortaliteit. Postopera-
tieve morbiditeit wordt inconsequent en zonder gebruik van vaste definities geregistreerd. 
Het optreden van morbiditeit varieert tussen de 11 en 67%. Gerapporteerde postoperatieve 
mortaliteit varieert tussen de 1 en 6.2%. Risicofactoren voor het optreden van postoperatieve 
complicaties zijn een toegenomen leeftijd, slechte performance status, aanwezigheid van 
comorbiditeit en uitgebreidere chirurgie. 

HOOFDSTUK 2.

Predictie van suboptimale cytoreductie bij primaire cytoreductieve chirurgie voor 
gevorderd stadium epitheliaal ovariumcarcinoom.

Hoofdstuk 2.1

Waarde van de klinische blik in het voorspellen van het operatieresultaat bij gevorderd 
stadium ovariumcarcinoom.

In de praktijk wordt de beslissing om af te zien van een primaire debulking gebaseerd op een 
afweging van de verwachte voor- en nadelen van een dergelijke uitgebreide ingreep. Bij deze 
‘klinische blik’ spelen patiënt gerelateerde factoren (bv. aanwezige comorbiditeit en leeftijd) 
en tumor gerelateerde factoren (bv. aanwezigheid van afstand metastasen) een belangrijke 
rol. Er is tot op heden geen onderzoek gedaan naar de accuratesse van deze ‘klinische blik’. 
Doel van dit hoofdstuk is het bepalen van de accuratesse en reproduceerbaarheid van inschat-
ting van het operatieresultaat o.b.v. de ‘klinische blik’. 
Vijftien onderzoekers (5 gynaecoloog-oncologen, 5 gynaecologen, 5 arts-assistenten in 
opleiding tot gynaecoloog) worden twintig casus met een gevorderd stadium (FIGO III-IV) ova-
riumcarcinoom voorgelegd. Het betreft patiënten bij wie een primaire debulking is verricht. 
Onderzoekers zijn niet op de hoogte van het resultaat van deze operatie. De onderzoekers 
wordt gevraagd of zij denken dat optimale cytoreductieve chirurgie (afzonderlijke tumorrest < 
1 cm) heeft plaatsgevonden. Om dit te kunnen beoordelen kunnen zij gebruik maken van de 
volgende parameters: anamnese, lichamelijk onderzoek, laboratoriumwaarden (o.a. CA125), 
echogegevens en CT-abdomen. 
De inschatting van de onderzoekers wordt vergeleken met een inschatting op basis van 2 
predictiemodellen.
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Het operatieresultaat wordt in 53% van de patiënten juist voorspeld. Gynaecoloog-oncologen 
voorspellen het operatieresultaat met een accuraatheid van 53%. Voor gynaecologen is dit 
56% en voor de arts-assistenten in opleiding 49%. 
Accuraatheid van de voorspelling is, wanneer gebruik gemaakt wordt van predictiemodellen 
gebaseerd op CA125 of CT-scan parameters, respectievelijk 60% en 50%. Het verschil in accu-
raatheid tussen de verschillende onderzoeksgroepen en predictiemodellen is niet statistisch 
significant.
De intra-class-correlatiecoëfficiënt voor alle onderzoekers is 0.27. Voor de gynaecoloog-
oncologen 0.23, gynaecologen 0.28 en voor de arts-assistenten in opleiding 0.18.
Concluderend kan gesteld worden dat de ‘klinische blik’ een beperkte accuratesse heeft ten 
aanzien van het voorspellen van het operatieresultaat bij patiënten met een gevorderd sta-
dium EOC. Mede gezien de lage intra-class-correlatiecoëfficiënt, lijkt er toch een rol weggelegd 
voor het gebruik van predictiemodellen.

Hoofdstuk 2.2

Nomogram voor voorspellen van suboptimale cytoreductie bij primaire cytoreductieve chirur-
gie voor gevorderd stadium ovariumcarcinoom.

Ten einde de werkelijke waarde van CT-scan- en klinische predictoren te bepalen zal een pros-
pectieve multicentrum cohortstudie worden uitgevoerd met als doel identificatie van CT-scan- 
en klinische predictoren en ontwikkelen van een nomogram voor suboptimale cytoreductie 
bij primaire cytoreductieve chirurgie voor gevorderd stadium EOC.
Tussen oktober 2005 en december 2008 worden alle patiënten, in zes deelnemende zieken-
huizen in Zuidwest Nederland, met het vermoeden op een gevorderd stadium EOC bij wie 
primaire cytoreductieve chirurgie wordt uitgevoerd, geïncludeerd. Om onafhankelijke voor-
spellers voor suboptimale cytoreductie te achterhalen wordt gebruikt gemaakt van logistische 
regressie. Honderdvijftien patiënten met FIGO stadium III/IV EOC worden geïncludeerd. Opti-
male cytoreductie wordt bereikt in 52 (45%) patiënten.
Suboptimale cytoreductie kan worden voorspeld o.b.v. het preoperatieve thombocytenaantal 
(P = 0.1990; OR 1.002), diffuse peritoneale verdikking (DPT) (P= 0.0074; OR 3.021) en aanwezig-
heid van ascites op tenminste tweederde van de CT-scan beelden(P = 0.0385; OR 2.294) met 
een voor optimisme gecorrigeerde c-statistic van 0.67. Het ontwikkelde nomogram kan, na 
externe validatie, worden gebruikt om het operatieresultaat te voorspellen en patiënten te 
identificeren die beter af zijn met een alternatieve behandelstrategie. 
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HOOFDSTUK 3.

Postoperatieve mortaliteit na chirurgie voor epitheliaal ovariumcarcinoom

Hoofdstuk 3.1

Postoperatieve mortaliteit na primaire cytoreductieve chirurgie voor gevorderd stadium 
epitheliaal ovariumcarcinoom: Een systematische review.

Accurate inschatting van het risico op postoperatieve mortaliteit (POM) is essentieel voor de 
beslissing om al dan niet cytoreductieve chirurgie uit te voeren in een patiënte met gevorderd 
stadium EOC. Ten einde referentiecijfers te verkrijgen wordt een systematische review naar 
POM na cytoreductieve chirurgie voor gevorderd stadium EOC uitgevoerd. Een Medline zoek-
actie wordt verricht om artikelen te vinden waarin geschreven wordt over POM. Drieëntwintig 
artikelen voldoen aan de gestelde inclusiecriteria en worden meegenomen in de analyse. 
Volgens populatie gebaseerde studies is POM gemiddeld 3.7%. De gemiddelde POM in studies 
waarin resultaten uit één ziekenhuis worden beschreven is 2.5%. De gemiddelde POM is 2.8% 
wanneer de resultaten uit alle artikelen worden samengenomen. POM komt vaker voor bij 
oudere patiënten en na uitgebreide procedures. Accurate informatie m.b.t. leeftijdspecifieke 
en procedurespecifieke aantallen kan niet worden verkregen. Concluderend blijkt POM na 
primaire cytoreductieve chirurgie voor gevorderd stadium EOC laag. Daarnaast is er een grote 
behoefte aan betrouwbare referentiecijfers voor postoperatieve sterfte bij ouderen.

Hoofdstuk 3.2

Oorzaken van postoperatieve mortaliteit na chirurgie voor ovariumcarcinoom.

Om oorzaken te vinden van postoperatieve sterfte na chirurgie voor EOC worden alle postope-
ratieve sterftegevallen in Zuidwest Nederland gedurende een periode van 17 jaar achterhaald 
en geanalyseerd.
Tussen 1989 en 2005, is bij 2434 patiënten cytoreductieve chirurgie voor EOC verricht. 
Zevenenzestig patiënten (3.1%) stierven binnen 30 dagen na de operatie. Postoperatieve 
mortaliteit neemt toe met oplopende leeftijd van 1.5% (26/1765) in de patiënten van 20 tot 
69 jaar tot 6.6 % (32/486) in patiënten van 70-79 jaar en 9.8% (18/183) in patiënten van 80 jaar 
of ouder. Pulmonaal falen (18%) en infectie gerelateerd aan de uitgevoerde chirurgie (15%) 
zijn de meest voorkomende oorzaken van overlijden. Slechts een kwart van de sterfte wordt 
veroorzaakt door complicaties tijdens de operatie.
Onze resultaten suggereren dat de oorzaken van POM na chirurgie voor EOC zeer heterogeen 
zijn. Gezien de impact van algemene, niet direct aan chirurgie gerelateerde complicaties, zijn 
preoperatieve risico-inschatting, preoperatieve voorbereiding en postoperatieve zorg essenti-
eel om de incidentie van fatale complicaties verder terug te dringen.
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HOOFDSTUK 4.

Voorspellen van 30-dagen morbiditeit na primaire cytoreductieve chirurgie voor 
gevorderd stadium ovarium carcinoom. 

Het doel van dit hoofdstuk is predictoren te vinden voor 30-dagen morbiditeit na primaire 
cytoreductieve chirurgie voor gevorderd stadium EOC. 
Alle patiënten in Zuidwest Nederland bij wie primaire cytoreductieve chirurgie wordt ver-
richt tussen januari 2004 en december 2007 worden geïdentificeerd uit de gegevens van het 
Integrale Kanker centrum Rotterdam (IKR). De peri- en postoperatieve complicaties binnen 
30-dagen na de operatie worden geregistreerd en geclassificeerd volgend de definities van 
het National Surgical Quality Improvement Program (NSQIP).
Om onafhankelijke voorspellers voor 30-dagen morbiditeit te achterhalen wordt gebruikt 
gemaakt van logistische regressie. Met de gevonden predictoren wordt een nomogram ont-
wikkeld. Tweehonderd drieënnegentig patiënten worden geïncludeerd Optimal cytoreductie 
wordt bereikt bij 136 (46%) patiënten. 30-dagen morbiditeit wordt gezien in negenennegentig 
(34%) patiënten. Postoperatieve morbiditeit kan worden voorspeld door leeftijd (P = 0.007; OR 
1.034), WHO performance status (P= 0.046; OR 1.757), uitgebreidheid van chirurgie (P= 0.1308; 
OR=2.101), en duur van de ingreep (P = 0.017; OR 1.007) met een voor optimisme gecor-
rigeerde c-statistic van 0.68. Het ontwikkelde nomogram kan, na externe validatie, worden 
gebruikt om uitkomst van chirurgie te voorspellen en om patiënten te identificeren die gebaat 
zijn bij alternatieve behandelstrategieën.

HOOFDSTUK 5.

Het voorspellen van progressievrije en totale overleving van patiënten met een gevorderd 
stadium epitheliaal ovariumcarcinoom.

Omdat ovariumcarcinoom gekenmerkt wordt door een heterogene presentatie en heterogeen 
klinisch beloop is het voorspellen van progressievrije (PFS)- en totale overleving (OS) in de 
individuele patiënt moeilijk. Het doel van dit hoofdstuk is predictoren te vinden voor PFS en OS 
in patiënten met een gevorderd stadium EOC die behandeld zijn met primaire cytoreductieve 
chirurgie en eerstelijns op paclitaxel/platinum gebaseerde chemotherapie.
Alle patiënten in drie regionale centra die behandeld zijn met primaire cytoreductieve chirurgie 
en eerstelijns op paclitaxel/platinum gebaseerde chemotherapie tussen januari 1998 en okto-
ber 2004 worden geïdentificeerd uit de ovariumcarcinoom databank. Het Cox regressiemodel 
wordt gebruikt om onafhankelijke voorspellers voor PFS en OS te vinden. Met de gevonden 
parameters worden nomogrammen ontwikkeld. Honderdachttien patiënten worden geïnclu-
deerd. Optimale cytoreductie wordt bereikt in 57 (48%) patiënten. Achtentachtig patiënten 
(74%) ontwikkelen progressieve ziekte. Drieënzestig patiënten (53%) zijn overleden tijdens de 
studieperiode. Mediane PFS en OS zijn 15 en 44 maanden, respectievelijk. 
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Het preoperatieve aantal thrombocyten (P=0.007) en resttumor <1 cm (P=0.004) voorspellen 
PFS met een voor optimisme gecorrigeerde c-statistic van 0.63. Predictieve factoren voor OS 
zijn preoperatieve hemoglobine (P=0.012), het preoperatieve aantal thrombocyten (P=0.031) 
en resttumor <1cm (P=0.028) met een voor optimisme gecorrigeerde c-statistic van 0.67.
Concluderend kan gesteld worden dat PFS wordt voorspeld door de aanwezigheid van 
resttumor na operatie en het preoperatieve aantal thrombocyten. Hemoglobine, het aantal 
thrombocyten en resttumor na de ingreep zijn voorspellend voor OS. De ontwikkelde nomo-
grammen moeten voor klinische toepassing worden gevalideerd.

HOOFDSTUK 6. 

Algemene discussie

Ovariumcarcinoom is een heterogeen ziektebeeld. Dit vereist een geïndividualiseerde behande-
ling. In dit proefschrift worden de voordelen en beperkingen van het gebruik van predictiemo-
dellen bij patiënten met een gevorderd stadium EOC beschreven. Predictiemodellen kunnen 
waardevol zijn bij het bepalen van behandelstrategieën door een meer uniforme basis te bieden 
voor behandelbeslissingen, voorlichting en selectie van patiënten voor klinische studies.
De behandeling van patiënten met het vermoeden op een gevorderd stadium EOC moet 
plaatsvinden door ervaren teams in gespecialiseerde ziekenhuizen waar optimale peri- en 
postoperatieve zorg gegarandeerd kan worden. De beslissing om primaire cytoreductieve 
chirurgie uit te voeren moet worden genomen op basis van een reproduceerbare inschatting 
van operabiliteit en operatie risico. Om goede referentiecijfers te krijgen is een internationale 
standaard voor gegevens verzameling en rapportage van 30-dagen morbiditeit noodzakelijk.
De door ons in dit proefschrift beschreven predictiemodellen kunnen een objectieve inschat-
ting van het operatieresultaat en de prognose geven. Voordat de modellen toegepast kunnen 
worden in de kliniek moeten zij echter eerst worden gevalideerd in andere patiënten popula-
ties. 
Grote prospectieve multicentrum studies zijn nodig om de exacte waarde van predictiemo-
dellen gebaseerd op biochemische, radiologische, klinische en laparoscopische parameters te 
kunnen bepalen. Toekomstige predictiemodellen voor suboptimale cytoreductie moeten zich 
concentreren op patiënten met een FIGO stadium IIIC (met uitgebreide ziekte) en IV sereus 
EOC en zij moeten de invloed van chirurgische vaardigheden en filosofie incorporeren. De 
te ontwikkelen predcitiemodellen moeten gemakkelijk te gebruiken zijn in de praktijk door 
bijvoorbeeld gebruik te maken van een nomogram of door integratie in een computerpro-
gramma. Tot slot moeten toekomstige studies zich richten op het vinden van meer accurate 
predictoren en het ontwikkelen van nieuwe technieken die de accuraatheid van de voorspel-
ling kunnen verbeteren.
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