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1The studies presented in this thesis were aimed at improving clinical outcome for epithelial 
ovarian cancer (EOC) patients. Randomised controlled trials (RCTs) are considered the 
gold standard for establishing efficacy of new therapies in an era of evidence based 
medicine. However, due to the strict inclusion criteria, the outcomes of RCTs are often 
not generalisable to daily clinical practice. EOC typically develops at an older age and the 
majority of patients is diagnosed with advanced stage disease1,2. Consequently, patients 
are more fragile and cannot always undergo standard treatment. Especially these patients 
are underrepresented in RCTs3. Therefore, population-based studies, which are limited 
in establishing causality, provide a unique insight into treatment and survival effects in 
the general population. All studies in this thesis are based on data from the Netherlands 
Cancer Registry, which is a nationwide population-based cancer registry and covers all 
newly diagnosed cancer patients in the Netherlands since 1989. Complementary data were 
obtained to gain more insight in treatment patterns across the Netherlands.

The studies presented in this thesis are divided into three separate parts. In part I we focus 
on differences in treatment patterns and survival outcomes for EOC patients. In part II, we 
aim to gain insight into prognostic factors that affect clinical outcome, and in the last part 
of this thesis, we highlight the importance of patient selection for the primary treatment 
of ovarian cancer.

PART I: SURVIVAL AND TREATMENT OF PRIMARY OVARIAN CANCER 
IN THE NETHERLANDS

Ovarian cancer is the seventh most common cancer, and the most lethal gynaecological 
cancer worldwide4-6. In the Netherlands, about 1,300 patients are diagnosed yearly7. Most 
patients present with non-specific symptoms such as abdominal pain, bloating or fatigue. 
Due to the aggressive nature of EOC, in combination with a lack of specific symptoms, 
the vast majority of patients is diagnosed in advanced stage disease. The most commonly 
adopted staging system in gynaecological cancers is the Federation of Gynaecology and 
Obstetrics (FIGO) system, and FIGO stage is an important prognostic factor for overall 
survival. Patients who are diagnosed with early stage EOC (FIGO IA-IIA) have a five-year 
survival of 80-95%, while this is only 30-46% for advanced stage patients (FIGO IIB-IV)8,9. As 
a result, treatment differs between early and advanced stage patients. 

Current management for early stage ovarian cancer is a surgical staging laparotomy,  
consisting of a hysterectomy, bilateral salpingo-oophorectomy, (infracolic) omentectomy, 
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lymph node sampling and biopsies on different prescribed locations10. The goal of this 
intervention is to ensure that the tumour is limited to the ovaries, fallopian tubes and 
the uterus. In case of lymph node involvement or tumour spread to other pelvic or 
intraperitoneal tissues, patients are regarded as advanced stage patients. For patients 
diagnosed with advanced stage disease, surgery is combined with platinum-based 
chemotherapy10. The surgical intervention, which is called cytoreductive surgery, consists 
of a hysterectomy, bilateral salpingo-oophorectomy, (infracolic) omentectomy and removal 
of all macroscopic tumour in the abdomen. 

Adjuvant chemotherapy is recommended in advanced stage disease, and may be used in 
high-risk patients with early stage disease11. The chemotherapeutic agents used in ovarian 
cancer evolved over the last decades. In the 1980’s, first-line systemic treatment of EOC 
consisted of cisplatin in combination with cyclophosphamide. Subsequently, carboplatin 
was introduced, which was found to have a more favourable toxicity profile when compared 
to cisplatin12. Paclitaxel replaced cyclophosphamide as first-line regimen in the 1990’s13, 
and the combination of carboplatin and paclitaxel is still advised as first-line treatment 
combination. The backbone of efficacy relies on the treatment effect of carboplatin, which 
can also be combined with other chemotherapeutic agents. 

In chapter 2 we describe the results of a study on changes in treatment patterns over the 
last 25 years for EOC patients in the Netherlands. Moreover, we describe the effect of these 
changes on long-term survival for patients with EOC.

Survival of patients with advanced stage disease strongly depends on the ability to minimise 
residual disease during cytoreductive surgery14,15. Patients with no macroscopic residual 
disease after surgery (i.e. complete cytoreductive surgery), have the best prognosis. 
Optimal cytoreductive surgery (residual disease of ≤1cm in maximal diameter) offers a 
survival advantage over patients with a suboptimal cytoreduction (>1cm of residual disease 
in maximal diameter)16-18. This suggests an amendable role for cytoreductive surgery, and 
highlights the importance of high-quality surgical care in the primary treatment for EOC. 
Research has shown that cytoreductive surgery performed in high-volume hospitals by 
experienced gynaecologic-oncologists leads to improved surgical outcomes and survival 
rates19-21. Consequently, this led to a gradual centralisation process in the Netherlands 
since 2005. In 2012, a national consensus was reached to restrict the performance of 
cytoreductive surgery to hospitals which carried out a minimum of twenty cytoreductive 
surgeries on an annual basis. The initial diagnosis is, however, still made in virtually all 
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1Dutch hospitals regardless of their specialisation. In chapter 3 we evaluated whether the 
management of patients with advanced EOC patients depends on the hospital of initial 
diagnosis, both before, during and after centralisation was established. 

Besides the national consensus on centralisation of surgical care, more emphasis was 
placed on regional multidisciplinary tumour board meetings. All patients diagnosed with 
EOC should be discussed with gynaecological-oncologists, medical oncologists, pathologists 
and radiotherapists, prior to treatment22. In the Netherlands, patients are treated within 
different geographical regions, with their own regional multidisciplinary tumour board 
meeting. This allowed us to study differences in treatment patterns, surgical outcomes, 
and survival differences between geographical regions in the Netherlands (chapter 4). 

PART II: PROGNOSTIC FACTORS THAT AFFECT SURVIVAL IN OVARIAN 
CANCER PATIENTS

The diagnosis of EOC patients is based on imaging techniques (such as vaginal ultrasound 
and/or computed tomography (CT) scans), histological or cytological confirmation and 
Cancer Antigen 125 (CA125) serum levels. CA125 is expressed on the ovarian tumour cell 
surface, but is a non-specific tumour marker for ovarian cancer as a considerable number 
of patients have normal CA125 levels15,23,24. Monitoring CA125 serums levels can, however, 
be useful in controlling treatment effect and is commonly used during chemotherapeutic 
treatment. It has been suggested that the perioperative decline in CA125 is a better 
marker for residual cancer burden, and therewith long-term outcome, than the surgeons’ 
estimation of residual tumour volume. The latter is hampered by the subjective intra-
operative assessment of gynaecologists and does not account for initial disease burden25,26. 
In chapter 5 we evaluated the prognostic value of perioperative CA125 change in advanced 
EOC patients.

Despite the generally accepted use of chemotherapy in advanced stage EOC patients, there 
is no guideline on the optimal time interval between cytoreductive surgery and the start 
of chemotherapy. It is assumed that adjuvant chemotherapy should be initiated as soon 
as possible, as this may prevent early tumour growth, but studies in ovarian cancer report 
conflicting results27-29. In chapter 6 we evaluated the time interval between surgery and 
adjuvant chemotherapy as prognostic factor for overall survival.
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Following the recognition that patients with FIGO stage IV represent a heterogeneous 
group with possible survival differences, the FIGO staging system was updated in 201430,31. 
FIGO IV disease is characterised by distant metastases, such as malignant pleural effusion, 
parenchymal liver metastasis or extra-abdominal lymph node metastases. The new 
classification distinguishes between patients with malignant pleural effusion (FIGO IVa), 
and patients with either abdominal parenchymal invasion or extra-abdominal metastases 
(FIGO IVb)30,31. From earlier studies, it remained questionable if this new classification 
provided additional prognostic information for FIGO IV patients. Some studies even 
proposed a new sub-classification32-34. Moreover, treatment effects may differ between the 
different subtypes of FIGO stage IV disease. In chapter 7 we evaluated the prognostic effect 
of different localisations of metastases and established treatment efficacy in those groups. 

PART III: OPTIMISING PATIENT SELECTION FOR PRIMARY SURGERY 
OR CHEMOTHERAPY 

The mainstay of therapeutic management consists of platinum-based chemotherapy 
and cytoreductive surgery. Patients were traditionally treated with primary cytoreductive 
surgery (PCS) followed by adjuvant chemotherapy, but neoadjuvant chemotherapy (NACT) 
followed by interval cytoreductive surgery (ICS) has been introduced as an alternative 
treatment approach with non-inferior survival rates35,36. Initial disease burden and 
experience of the surgical team, affect the probability of achieving complete cytoreductive 
surgery. NACT may decrease initial tumour load, resulting in a higher number of complete 
cytoreductive surgeries and reduced morbidity from the surgical intervention35-38. A 
downside of NACT is a higher probability to develop early platinum resistance, as large 
tumour volumes are exposed to chemotherapy39,40. Nowadays, there is a lively debate about 
the most optimal treatment sequence, and in chapter 8 we evaluated the current opinions 
about PCS and NACT-ICS in FIGO IIIC and IV patients among all Dutch gynaecologists and 
medical oncologists. 

It has been shown that patients with no residual disease after cytoreductive surgery (either 
upfront or interval surgery) have the best survival rates14,35,36. This led to a change in paradigm, 
where no macroscopic residual disease is nowadays the goal of cytoreductive surgery. 
Residual disease of any diameter is therefore an undesirable outcome in the treatment of 
advanced ovarian cancer. The tumour spread and resectability of all macroscopic tumour 
can preoperatively be predicted by CT-scans. Sensitivity and specificity of CT is rather 
low unfortunately, and is highly dependent on the expertise of the consulted radiologist. 
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1Multiple studies tried to predict the outcome of surgery based on computer tomography 
(CT) scans. However, the vast majority of CT based models are not externally validated or 
lack discriminative ability41,42. In order to improve the success rate of performed surgeries 
and to prevent unnecessary morbidity from futile primary laparotomies, a preoperative 
clinical model to predict the outcome of cytoreductive surgery is of paramount importance 
for optimal patient selection. Therefore, in chapter 9 we aimed to develop a prediction 
model based on simple patient- and tumour characteristics to estimate the probability to 
achieve no macroscopic disease at primary surgery. 

The likelihood of successful surgery is higher after NACT, while this does not translate 
into prolonged survival when NACT-ICS is compared to PCS. Therefore, it appears that the 
prognostic effect of the amount of residual disease is different after primary versus interval 
cytoreductive surgery. In chapter 10, we aimed to summarise the prognostic effect of the 
amount of residual disease after NACT-ICS on overall survival through the method of a 
systematic review. 

Finally, a summary and discussion of observed outcomes will be presented in chapter 11 
and chapter 12. Moreover, a valorisation chapter is presented in chapter 13. 
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ABSTRACT

Aim
This study investigates changes in therapy and long-term survival for patients with epithelial 
ovarian cancer (EOC) in the Netherlands. 

Methods
All patients with EOC, including peritoneal and fallopian tube carcinoma, diagnosed in the 
Netherlands between 1989 and 2014 were selected from the Netherlands Cancer Registry. 
Changes in therapy were studied and related to overall survival (OS) using multivariable Cox 
regression models.

Results
A total of 32,540 patients were diagnosed with EOC of whom 22,047 (68%) had advanced 
stage disease. In early stage, lymph node dissection as part of surgical staging procedures 
increased over time from 4% in 1989-1993 to 62% in 2009-2014 (P<0.001). In advanced 
stage, the number of patients receiving optimal treatment with surgery and chemotherapy 
increased from 55% in 1989-1993 to 67% in 2009-2014 (P<0.001). Five-year survival rates 
improved in both early stage (74% versus 79%) and advanced stage (16% versus 24%), 
as well as in all patients combined (31% versus 34%). Ten-year survival rates, however, 
slightly improved in early stage (62% versus 67%) and advanced stage (10% versus 13%) but 
remained essentially unchanged at 24% for all patients combined. 

Conclusion
Despite intensified treatment and staging procedures, long-term survival for women 
with EOC has not improved in the last 25 years. The observed improvements in 5-year OS 
reflect a more prolonged disease control rather than better chances for cure. Furthermore, 
the apparent better long-term outcome, when early- and advanced-staged patients are 
analysed separately, is largely due to improved staging procedures and the ensuing stage 
migration. These effects disappear in a combined analysis of all patients.
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INTRODUCTION

Epithelial ovarian cancer (EOC) is the most lethal gynaecologic cancer worldwide1. The 
5-year overall survival (OS) rates range between 30% and 46% 2,3. Due to a lack of specific 
symptoms, patients are often diagnosed with advanced stage disease, which is associated 
with poor prognosis and 5-year OS rates of 14-29%2,4. 
Patients who are diagnosed with early stage disease are recommended to undergo a 
complete staging procedure, consisting of inspection of the abdominal cavity, omentectomy, 
adequate lymph node sampling and several prescribed biopsies. If patients cannot be 
staged properly adjuvant chemotherapy is recommended5,6. 
Current management for advanced EOC patients consists of debulking surgery in 
combination with  platinum- and taxane-based chemotherapy. Complete resection of 
all macroscopic tumour is an independent factor for prolonged survival and is therefore 
an important goal during debulking surgery7,8. The timing of surgery is an ongoing topic 
of debate; patients were traditionally treated with primary debulking surgery (PDS) but 
neoadjuvant chemotherapy followed by interval debulking surgery (NACT-IDS) could be an 
alternative for advanced stage patients9,10. 
Improvements in therapy and diagnostic work-up should ultimately lead to better disease-
free survival and OS for EOC patients. Multiple international studies were conducted, which 
analysed trends in survival. Outcomes varied, but most studies reported improved 5-year 
survival rates11-28 (S7). In combination with a decline in incidence for ovarian cancer, among 
others due to the introduction of the oral contraceptive pill, these studies often result in 
decreasing ovarian cancer mortality rates28-31. 
The population-based study of van Altena et al. analysed trends in relative survival for both 
early- and advanced-stage EOC until 2009 in the Netherlands19. Since this publication, the 
role of adequate staging surgery for early stage patients and the introduction of NACT for 
advanced stage patients have been put forward as important factors for prolonged OS5,32. 
Therefore, we analysed whether long-term survival has indeed improved for both early- 
and advanced-stage patients with respect to these changes in treatment. 

METHODS

Patients were selected from the Netherlands Cancer Registry (NCR), which is a population-
based registry with coverage of all newly diagnosed malignancies in the Netherlands since 
1989. Dedicated registration clerks routinely extract patient information from medical 
records within the hospitals. Information on vital status and date of death were obtained 
from the municipal demography registries33.
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Study population

All consecutive patients diagnosed with EOC, including peritoneal and fallopian tube 
carcinoma (International Classification of Diseases for Oncology (ICD-O)-O codes C48.1, 
C48.2, C56.9 and C57.0), in the Netherlands between 1989 and 2014 were selected from 
the NCR34. Trends in therapy and survival were studied separately for early (International 
Federation of Gynaecologists  and Obstetricians (FIGO) IA-IIA) and advanced stage patients 
(FIGO IIB-IV). FIGO stage 2009 was derived from the tumour-nodal-metastasis (TNM) 
staging system and based on postoperative findings35. If patients did not receive surgery or 
when patients underwent NACT-IDS, clinical tumour stage was used to avoid down staging. 
Debulking surgery is registered nationwide from 2004, and outcome of surgery was defined 
as optimal if macroscopic residual lesions were smaller than one centimetre in maximal 
diameter. In 2010, complete debulking surgery was implemented in the NCR defined as no 
macroscopic residual disease. 

Statistical analysis

Patients were distributed among period groups according to their date of diagnosis to 
analyse differences over time for the following time periods; 1989-1993, 1994-1998, 1999-
2003, 2004-2008 and 2009-2014. Trends in therapy were analysed using the Cochrane-
Armitage test for trends, and patients were divided in two age groups (<65 years at 
diagnosis and ≥65 years). OS was defined as the date of diagnosis until death or last follow-
up date for patients who were still alive (1 February 2017) and was analysed by Kaplan-
Meier survival curves and multivariable Cox regression models. A separate analysis was 
performed on the Eindhoven Cancer Registry data to adjust our models for comorbidity, 
which is solely collected in this region of the Netherlands36. Besides OS, relative survival 
analysis was conducted using the Pohar-Perme estimator. Since age influences the cancer-
specific hazard, this method accounts for this heterogeneity by age-standardisation37. 
Furthermore, multivariable relative survival analysis was calculated using Poisson regression 
modelling. A P-value<0.05 was considered statistically significant. Statistical analyses were 
performed using STATA/SE, version 14.1 (Stata Corp. College Station, Texas, USA). 

RESULTS

Between 1989-2014, 32,540 patients were diagnosed with EOC in the Netherlands. The 
mean age at diagnosis increased from 63 in 1989-1993 to 66 years in 2009-2014 (P<0.001). 
The number of advanced stage patients increased over time from 4,049 (67%) in 1989-1993 
to 5,945 (76%) in 2009-2014, most strikingly due to an increase of FIGO stage IIIC (19% in 
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1989-1993 to 42% in 2009-2014, P<0.001). The number of adenocarcinoma not otherwise 
specified (NOS) decreased over time, whereas the number of patients diagnosed with 
serous EOC increased. Since 1999, serous EOC was the most common histologic subtype 
(table 1). 

Table 1: Characteristics of all epithelial ovarian cancer patients diagnosed in the Netherlands between 
1989-2014, by period of diagnosis (N=32,540)

1989-1993 
n (%)

1994-1998 
n (%)

1999-2003 
n (%)

2004-2008 
n (%)

2009-2014 
n (%) p-value

Age <0.001†

   <65 3,067 (50.5) 3,041 (47.7) 2,987 (49.4) 3,068 (49.3) 3,314 (42.4)

   ≥65 3,009 (49.5) 3,332 (52.3) 3,053 (50.6) 3,159 (50.7) 4,510 (57.6)

   Mean (SDa) 62.7 (13.9) 64.0 (13.7) 64.0 (13.4) 64.5 (13.2) 66.3 (12.9) <0.001‡

FIGO stage <0.001†

   IA-IIA 1,551 (25.5) 1,577 (24.8) 1,402 (23.2) 1,282 (20.6) 1,436 (18.4)

   IIB-IIIB 1,889 (31.1) 1,308 (20.5) 1,004 (16.6) 736 (11.8) 918 (11.7)

   IIIC 1,163 (19.2) 1,834 (28.8) 2,026 (33.6) 2,226 (35.7) 3,249 (41.5)

   IV 997 (16.4) 900 (14.1) 894 (14.8) 1,125 (18.1) 1,778 (22.7)

   Unknown 476 (7.8) 754 (11.8) 714 (11.8) 858 (13.8) 442 (5.7)

Histologic type <0.001†

   Serous 1,616 (26.6) 2,000 (31.4) 2,332 (38.6) 2,918 (46.9) 4,030 (51.5)

   Mucinous 864 (14.2) 819 (12.8) 613 (10.2) 485 (7.8) 551 (7.0)

   Endometrioid 560 (9.2) 612 (9.6) 588 (9.7) 617 (9.9) 661 (8.4)

   Clear-cell 238 (3.9) 260 (4.1) 279 (4.6) 310 (5.0) 365 (4.7)

   Adenocarcinoma NOSb 2,510 (41.3) 2,234 (35.1) 1,759 (29.1) 1,435 (23.0) 1,571 (20.1)

   Other 288 (4.8) 448 (7.0) 469 (7.8) 462 (7.4) 646 (8.3)

Grade <0.001†

   I 708 (11.6) 704 (11.0) 548 (9.1) 564 (9.1) 622 (7.9)

   II 1,301 (21.4) 1,293 (20.3) 1,165 (19.3) 1,013 (16.3) 740 (9.5)

   III 2,081 (34.3) 2,238 (35.1) 2,299 (38.0) 2,245 (36.0) 2,619 (33.5)

   Unknown 1,986 (32.7) 2,138 (33.6) 2,028 (33.6) 2,405 (38.6) 3,843 (49.1)

Total 6,076 (18.7) 6,373 (19.6) 6,040 (18.6) 6,227 (19.1) 7,824 (24.0)  

a SD: standard deviation, b Adenocarcinoma NOS: adenocarcinoma not otherwise specified, † Chi-square test,  
‡ ANOVA test
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Trends in therapy

In early stage patients an increase in second-look surgeries was observed (1% in 1989-1993 
and 17% in 2009-2014, P<0.001). Staging procedures more often consisted of lymph node 
dissections (4% in 1989-1993 and 62% in 2009-2014, P<0.001). Furthermore, the use of 
adjuvant chemotherapy increased from 31% in 1989-1993 to 46% in 1999-2003; hereafter, 
it decreased to 35% in 2009-2014 (S1). Specific subgroups of high-risk patients more often 
received adjuvant chemotherapy, including clear-cell histology (odds ratio (OR) 2.5, 95% 
confidence interval (CI) 2.1-3.1) and grade III tumours (OR 5.5(4.6-6.6)).
The percentage of advanced stage patients receiving optimal treatment with surgery and 
chemotherapy increased from 55% in 1989-1993 to 70% in 2004-2008. Since 2008, this 
percentage declined to 67% (P=0.001), but this decline was absent in patients aged >65 
years. Simultaneously, a decrease in the use of chemotherapy only was seen for all patients, 
from 23% in 1989-1993 to 12% in 2004-2008 with an increase in 2009-2014 to 15%. The 
number of patients who received no therapy remained essentially stable over time, and the 
use of radiotherapy in this population was negligible (0.5%, S2). 
PDS followed by adjuvant chemotherapy was preferred as first-line treatment for the 
majority of patients with advanced stage EOC, but in the most recent period (2009-2014), 
NACT-IDS was more frequently used compared with PDS (S2). Furthermore, an increase in 
complete/optimal surgery was observed in the last period (75% 2004-2008 and 82% 2009-
2014, p<0.001), where patients undergoing NACT-IDS had a higher probability of complete/
optimal debulking (OR 1.7(1.4-1.9)). 

Survival analysis

In early stage patients, 5-year OS increased from 74% in 1989-1993 to 79% in 2009-2014. 
Long-term survival, at 10 years, increased from 62% in 1989-1993 to 67% in 2004-2008 
(table 2). Relative survival analysis was also conducted but trends did not differ from OS 
analysis (S5-S6). When corrected for age, tumour stage, histologic type and differentiation 
grade this increase was statistically significant (hazard ratio (HR) 0.8(0.7-0.9)). Moreover, 
patients who underwent a lymph node dissection as a part of their surgical staging 
procedure experience improved survival (HR 0.70(0.63-0.78)). Also the administration of 
adjuvant chemotherapy in patients without lymph node dissection contributes to improved 
survival (HR 0.8(0.7-0.9)).  
In advanced stage patients, 5-year OS increased from 16% in 1989-1993 to 24% in 2009-
2014. Ten-year survival increased from 10% in 1989-1993 to 13% in 2004-2008. This 
effect persisted after adjustment for patient and tumour characteristics (HR 0.6(0.6-
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0.7)). Median OS improved from 15 months in 1989-1993 to 25 months in 2009-2014. 
The effects for OS were attenuated when correcting for treatment combination but 
remained statistically significant (HR 0.7(0.7-0.8), S3). Patients treated with surgery and 
chemotherapy experienced comparable trends in survival over time (HR 0.6(0.5-0.6)), but 
their survival was higher than the entire cohort (5-year survival rates in 2009-2014 34% and 
24% respectively). In contrast, survival rates remained similar over time for patients who 
did not receive this treatment combination (HR 1.0(0.9-1.0)). The trends in survival in the 
Eindhoven region were consistent with those in the complete dataset, and adjustment for 
comorbidity did not alter the results (data not shown). 

Table 2: Crude observed 5- and 10-year overall survival (OS)  and adjusted hazard rates (HR) for all 
EOC patients by period of diagnosis and stage at diagnosis (N=32,540)

FIGO IA-IIA FIGO IIB-IV All	patients	combined

 5-year 
OS

10-year 
OS

HR 
(95%CI) †

5-year 
OS

10-year 
OS

HR 
(95%CI) †

5-year 
OS

10-year 
OS

HR 
(95%CI) †

1989-1993 74.4 62.4 reference 16.0 9.8 reference 31.1 23.5 reference

1994-1998 75.1 62.7 1.00 
(0.90-1.13)

18.1 9.9 0.91 
(0.87-0.95)

31.7 22.7 0.95 
(0.91-0.99)

1999-2003 75.5 63.2 0.90 
(0.80-1.02)

24.7 13.3 0.73 
(0.70-0.77)

35.1 24.2 0.80 
(0.77-0.84)

2004-2008 78.9 67.2 0.81 
(0.71-0.92)

24.7 12.6 0.69 
(0.66-0.73)

34.6 23.0 0.74 
(0.71-0.77)

2009-2014 79.1 N.A.1 0.75 
(0.65-0.87)

24.1 N.A.1 0.62 
(0.59-0.65)

33.7 N.A.1 0.65 
(0.62-0.68)

1 N.A.: not applicable (10 year follow-up not yet available), † Adjusted for age, stage at diagnosis, histologic type 
and differentiation grade

In all patients combined, short-term OS improved until 1999-2003 (five-year survival rates 
being 31% in 1989-1993 and 35% in 1999-2003). After this period, 5-year OS remained 
stable (35% in 2004-2008 and 34% in 2009-2014). OS at 10-years did not improve, and 
the cure rate for EOC patients was still not more than 24% (24% in 1989-1993 and 23% in 
2004-2008, S4). A sensitivity analysis including only patients who survived the first 5 years 
did not show any improvement in long-term survival over time for all patients combined 
(HR 1.0(0.9-1.2)).  
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DISCUSSION

Despite all efforts in intensifying treatment, this study showed that overall long-term 
survival for patients diagnosed with EOC has not improved in the last 25 years. Patients 
were more often diagnosed with advanced stage disease, suggesting improved surgical 
staging, and more frequently received optimal treatment according to contemporary 
standards. This resulted in prolonged disease control, as shown by the improved short-
term survival, but not in better cure rates.  
Between 1989 and 2014, an increasing number of early stage patients underwent lymph 
node dissection as part of their surgical staging procedure, whereas adjuvant chemotherapy 
was largely restricted to specific high-risk groups. Advanced stage EOC patients were 
increasingly treated with the combination of (debulking) surgery and chemotherapy. 
Furthermore, an increase in the use of chemotherapy only is seen in the last period, which 
could imply that these patients were up for NACT-IDS but were considered ineligible for 
debulking surgery. Still, 13% of patients did not receive any therapy, and this percentage is 
consistent over the decades. 
In the last two periods, NACT-IDS became an alternative for advanced stage patients 
and is currently used for the majority of these patients in the Netherlands32. Some have 
criticised this trend and stated that the non-inferiority character of NACT-IDS is caused by 
poor surgical results of PDS with rather low percentages of patients with no macroscopic 
residual tumour after surgery38,39. In our study we showed that the rate of complete/
optimal surgery did increase over time in both the patients treated with PDS and NACT-IDS. 
This might be explained by a more accurate selection for patients who could be optimally 
debulked in the primary setting40,41. In addition, EOC care is increasingly centralised in 
the Netherlands, resulting in a higher percentage of surgeries performed by registered 
gynaecologic oncologists32,42,43. 
Short- and long-term survival seem to improve over time when early and advanced 
stage patients are analysed separately. However, long-term survival at 10 years does not 
improve in a combined analysis of all patients. In addition 5-year survival rates also remain 
stable at 35% after 1998 in all patients combined. The discrepancy between a combined 
analysis and an analysis stratified by stage can be explained by stage migration. Patients 
were more often diagnosed in advanced stage disease. Probably due to improved routine 
preoperative imaging, the introduction of diagnostic laparoscopy and improved staging 
procedures. Therefore initially low-stage patients, with, for example, undetected lymph 
node metastases, are now diagnosed as advanced stage patients. This improves outcome 
rates for both groups but not for all patients together. It is not possible to correct for stage 
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migration in statistical analyses. So survival trends in selected patient groups, for example, 
only advanced stage patients, should be interpreted with caution44. 
Survival rates in single- or multi-centre studies tend to be higher than those in population-
based studies. In the latter, information about therapy or stage is often lacking, but by the 
near completeness and high quality of the registered data in the NCR, we can provide high 
quality population-based research33. In this study, we showed that 5-year survival rates for 
advanced stage patients in the entire cohort versus those who were treated with surgery 
and chemotherapy differed by almost 10%. And, since we have shown by stratified analysis 
that improvements in short-term overall survival were mainly, although not entirely, 
caused by treatment associated factors comparison between different types of studies is 
complicated. 
The majority of published population-based studies report improved 5-year (relative) 
survival rates11-28 (S7). In combination with a decline in incidence, this often results in 
optimistic conclusions about mortality from ovarian cancer28-31. Other population-based 
studies, however, indicate levelling in 5-year survival in the early 21st century as we 
found4,45,46. Moreover, with the extended follow-up available in our study, we were able 
to show that 10-year survival rates did not improve between 1989 and 2014 (S4). Thus, 
although changes in diagnosis and therapy have extended the duration of disease control, 
the cure rate of patients remains unchanged. Two other studies with extended follow-up 
until 10-year confirm our findings16,19. 
Survival rates in our study are lower than most of the other population-based studies in 
high-income countries, and even lower than previous Dutch studies. This may be the result 
of different inclusion criteria. In contrast to other studies, our study is the only population-
based study that included primary peritoneal ovarian cancer patients as well (S7). This 
diagnosis is associated with worse prognosis because, by definition, it cannot be limited 
to the ovaries. Contemporary clinical trials in ovarian cancer typically include primary 
peritoneal cancers because they are considered as one entity, justifying our decision to 
include these patients in our analyses35,47. 
The limitations of this study are mainly related to the lack of detailed information about 
chemotherapy agents and schedules. Information about surgical procedures and the result 
of debulking surgery was also lacking for earlier years. Furthermore, performance status 
and comorbidity were available for a limited number of patients only, but multivariable 
analyses in this subgroup did not indicate any effect of these variables on our main 
outcome measures. In addition, we objectified a ‘shift’ in histological subtype (i.e. from 
adenocarcinoma NOS to serous), which is probably explained by the improved classification 
and increase in surgical procedures. 
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To truly analyse the changes in long-term OS with respect to changed treatment protocols 
in the most recent years, most importantly the introduction of NACT-IDS, the follow-up of 
this last period must be extended. However, we do not expect that these changes increase 
OS drastically because the use of NACT-IDS is based on non-inferiority in randomised 
controlled studies9,10. In addition, period analysis was not performed on this cohort because 
5- and 10-year survival rates are quite stable for the past 15 years. 
The population-based character and therefore inclusion of all EOC patients, including 
primary peritoneal and fallopian tube cancers, in our analyses provide information on the 
varied presentation of this patient group. The combined and stratified analysis by stage 
shows that optimistic trends in survival should be interpreted with caution. The lack of 
improvements in long-term OS urges us to put major efforts into improving cure rates for 
women with EOC. 
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SUPPLEMENTARY MATERIAL 
S1: Treatment of early stage EOC patients diagnosed in the Netherlands between 1989-2014, by 
period of diagnosis (N=7,248)

1989-1993 
n (%)

1994-1998 
n (%)

1999-2003 
n (%)

2004-2008 
n (%)

2009-2014 
n (%) p-value†

Surgery + chemotherapy 487 (31.4) 601 (38.1) 643 (45.9) 520 (40.6) 506 (35.3) 0.008

   <65 343 (34.0) 434 (41.4) 449 (49.0) 361 (41.2) 317 (35.3) 0.485

   ≥65 144 (26.6) 167 (31.6) 194 (40.0) 159 (39.1) 189 (35.1) <0.001

Surgery only 1,036 (66.8) 951 (60.3) 725 (51.7) 750 (58.5) 904 (63.0) 0.012

   <65 664 (65.8) 611 (58.2) 462 (50.4) 513 (58.6) 578 (64.4) 0.468

   ≥65 372 (68.6) 340 (64.4) 263 (54.2) 237 (58.4) 326 (60.6) 0.001

Chemotherapy only 14 (0.9) 9 (0.6) 9 (0.6) 3 (0.2) 2 (0.1) 0.002

   <65 2 (0.2) 1 (0.1) 2 (0.2) 1 (0.1) 1 (0.1) 0.705

   ≥65 12 (2.2) 8 (0.5) 7 (1.5) 2 (0.5) 1 (0.2) <0.001

No therapy 14 (0.9) 16 (1.0) 25 (1.8) 9 (0.7) 24 (1.6) 0.146

   <65 0 (0.0) 3 (0.3) 4 (0.4) 1 (0.1) 2 (0.2) 0.527

   ≥65 14 (2.6) 13 (2.5) 21 (4.3) 8 (2.0) 22 (4.1) 0.232

Lymph	node	dissection* 58 (3.8) 293 (18.9) 479 (35.0) 697 (54.9) 872 (61.8) <0.001

   <65 42 (4.2) 229 (21.9) 360 (39.5) 542 (62.0) 617 (68.9) <0.001

   ≥65 16 (3.1) 64 (12.6) 119 (26.0) 155 (39.1) 255 (49.5) <0.001

Second	look	surgery	* 13 (0.9) 64 (4.1) 110 (8.0) 207 (16.3) 244 (17.3) <0.001

   <65 10 (1.0) 57 (5.5) 91(10.0) 174 (19.9) 192 (21.5) <0.001

   ≥65 3 (0.6) 7 (1.4) 19 (4.2) 33 (8.3) 52 (10.1) <0.001

Total 1,551 1,577 1,402 1,282 1,436  

* As part of surgical treatment, with or without adjuvant chemotherapy, † Cochrane-Armitage trend test 
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S2: Treatment of advanced stage EOC patients in the Netherlands between 1989 and 2014, by period 
of diagnosis and age at diagnosis (N=22,047)

1989-1993 
n (%)

1994-1998 
n (%)

1999-2003 
n (%)

2004-2008 
n (%)

2009-2014 
n (%) p-value†

Surgery + chemotherapy 2,205 (54.5) 2,384 (59.0) 2,655 (67.7) 2,864 (70.1) 3,990 (67.1) <0.001

   <65 1,344 (71.0) 1,423 (79.7) 1,591 (85.2) 1,667 (86.8) 1,952 (84.3) <0.001

   ≥65 861 (40.0) 961 (42.6) 1,064 (51.7) 1,197 (55.3) 2,038 (56.2) <0.001

Surgery only 386 (9.5) 455 (11.3) 343 (8.8) 234 (5.7) 211 (3.6) <0.001

   <65 119 (6.3) 101 (5.6) 85 (4.6) 67 (3.5) 57 (2.5) <0.001

   ≥65 267 (12.4) 354 (15.7) 258 (12.5) 167 (7.7) 154 (4.2) <0.001

Chemotherapy only 923 (22.8) 663 (16.4) 480 (12.2) 475 (11.6) 900 (15.1) <0.001

   <65 332 (17.6) 198 (11.1) 133 (7.1) 133 (6.9) 221 (9.5) <0.001

   ≥65 591 (27.4) 465 (20.6) 347 (16.9) 342 (15.8) 679 (18.7) <0.001

Radiotherapy 49 (1.2) 17 (0.4) 13 (0.3) 16 (0.4) 15 (0.3) <0.001

   <65 31 (1.6) 9 (0.5) 8 (0.4) 9 (0.5) 4 (0.2) <0.001

   ≥65 18 (0.8) 8 (0.4) 5 (0.3) 7 (0.3) 11 (0.3) 0.014

No therapy 486 (12.0) 523 (12.9) 433 (11.0) 498 (12.2) 829 (13.9) 0.013

   <65 67 (3.5) 55 (3.1) 50 (2.7) 45 (2.3) 81 (3.5) 0.630

   ≥65 419 (19.4) 468 (20.7) 383 (18.6) 453 (20.9) 748 (20.6) 0.307

Timing chemotherapy       

   PDSa N.A.* N.A.* N.A.* 1,789 (65.2) 1,576 (40.0) <0.001

   NACT-IDSb N.A.* N.A.* N.A.* 767 (27.9) 2,250 (57.2) <0.001

   PDS & NACT-IDS N.A.* N.A.* N.A.* 188 (6.9) 109 (2.8) <0.001

Total 4,049 4,042 3,924 4,087 5,945  

N.A. Not applicable (debulking surgery was not registered nationwide before 2004)
a PDS: primary debulking surgery, bNACT-IDS: neoadjuvant chemotherapy and interval debulking surgery  
† Cochrane-Armitage trend test 
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S3: Crude observed 5-year overall survival (OS) and adjusted hazard rates (HR) for advanced stage 
EOC patients diagnosed in the Netherlands between 1989 and 2014, by period of diagnosis and 
treatment protocol (N=22,047)

 Model I  Model II  Model III    

 5-year 
OSa

HR 
(95%CI) †, a

5-year 
OSb

HR 
(95%CI) †, b

5-year 
OSb

HR 
(95%CI) †, b

5-year 
OSc

HR 
(95%CI) †, c

1989-1993 16.0 reference 24.2 reference 24.2 reference 6.2 reference

1994-1998 18.1 0.91 
(0.87-0.95)

27.3 0.98 
(0.93-1.02)

27.3 0.85 
(0.79-0.90)

4.9 1.09 
(1.02-1.17)

1999-2003 24.7 0.73 
(0.70-0.77)

33.6 0.84 
(0.80-0.88)

33.6 0.68 
(0.64-0.72)

6.2 1.03 
(0.96-1.11)

2004-2008 24.7 0.69 
(0.66-0.73)

33.0 0.82 
(0.78-0.86)

33.0 0.64 
(0.60-0.68)

5.2 1.06
 (0.98-1.14)

2009-2014 24.1 0.62 
(0.59-0.65)

33.8 0.74 
(0.71-0.78)

33.8 0.57 
(0.53-0.61)

4.4 0.96 
(0.89-1.03)

a All advanced stage patients b Patients who underwent surgery + chemotherapy c Patients who did not 
underwent surgery + chemotherapy 

† Adjusted for age, stage at diagnosis, histologic type and differentiation grade
Model I: not adjusted for treatment, Model II: adjusted for surgery + chemotherapy, Model III: stratified by 
surgery + chemotherapy 
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S5: Relative survival rates and adjusted relative excess risk (RER) of dying for all EOC patients diagnosed 
in the Netherlands between 1989 and 2014, by period of diagnosis and stage at diagnosis (N=32,540)

FIGO IA-IIA FIGO IIB-IV All	patients	combined

 5-year 
RS

10-year 
RS

RER
(95%CI) †

5-year 
RS

10-year 
RS

RER
(95%CI) †

5-year 
RS

10-year 
RS

RER
(95%CI) †

1989-1993 80.8 77.1 reference 17.6 11.8 reference 34.0 28.8 reference

1994-1998 80.9 78.4 1.01
(0.86-1.18) 20.0 12.1 0.91

(0.86-0.95) 34.5 28.3 0.95
(0.91-0.99)

1999-2003 81.5 73.9 0.87
(0.74-1.04) 26.7 15.8 0.72

(0.69-0.76) 38.1 28.5 0.79
(0.76-0.83)

2004-2008 83.9 77.7 0.77
(0.64-0.93) 26.8 15.3 0.68

(0.65-0.72) 37.2 27.2 0.73
(0.70-0.77)

2009-2014 84.3 N.A.1 0.73
(0.60-0.89) 26.7 N.A.1 0.60

(0.57-0.63) 36.6 N.A.1 0.63
(0.61-0.67)

1 N.A.: not applicable, † Adjusted for age, stage at diagnosis, histologic type and differentiation grade

S6: Relative survival and adjusted RER of dying for advanced stage EOC patients diagnosed in the 
Netherlands between 1989 and 2014, by period of diagnosis and treatment protocol (N=22,047)

 Model I  Model II  Model III    

 5-year 
RSa

RER
(95%CI) †, a

5-year 
RSb

RER
(95%CI) †, b

5-year 
RSb

RER
(95%CI) †, b

5-year 
RSc

RER
(95%CI) †, c

1989-1993 17.6 reference 31.2 reference 31.2 reference 20.4 reference

1994-1998 20.0 0.91
(0.86-0.95) 33.9 0.99

(0.94-1.03) 33.9 0.85
(0.79-0.90) 20.1 1.12

(1.04-1.20)

1999-2003 26.7 0.72
(0.69-0.76) 39.3 0.84

(0.80-0.89) 39.3 0.67
(0.63-0.72) 21.6 1.05

(0.98-1.14)

2004-2008 26.8 0.68
(0.65-0.72) 38.7 0.83

(0.79-0.88) 38.7 0.64
(0.60-0.69) 21.1 1.10

(1.01-1.19)

2009-2014 26.7 0.60
(0.57-0.63) 38.8 0.74

(0.71-0.78) 38.8 0.56
(0.53-0.60) 20.4 0.97

(0.90-1.05)
a All advanced stage patients b Patients who underwent surgery + chemotherapy c Patients who did not underwent 
surgery + chemotherapy 

† Adjusted for age, stage at diagnosis, histologic type and differentiation grade
Model I: not adjusted for treatment, Model II: adjusted for surgery + chemotherapy, Model III: stratified by surgery 
+ chemotherapy 
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ABSTRACT

Objective
Surgical care for advanced stage epithelial ovarian cancer (EOC) patients has been 
centralised in the Netherlands since 2012. We evaluated whether the likelihood for 
patients to undergo surgery depends on the hospital of initial diagnosis before and after 
centralisation of surgical care. 

Methods
Patients with EOC FIGO stage IIB-IV, diagnosed in the Netherlands between 2000 and 
2015, were identified from the Netherlands Cancer Registry. Multilevel multivariate logistic 
regression was used to study the association between hospital of diagnosis and patients’ 
likelihood of undergoing surgery in subsequent time periods. Furthermore, changes in 
overall survival were analysed by multivariable Cox regression models. 

Results 
15,314 EOC patients were selected from the NCR. Hospital of diagnosis was identified 
as a significant level for patients’ likelihood of undergoing surgery in 2000-2005 (LR test 
p<0.001), as well as in 2006-2011 (LR test p=0.002) but not in 2012-2015 (LR test p=0.127). 
Patients who underwent surgery in 2012-2015 had a better survival when compared to 
2006-2011 (HR 0.90(0.84-0.96)). 

Conclusion
This study shows that centralisation of surgical care resolved the variation between hospitals 
in the probability to undergo cytoreductive surgery for patients with advanced EOC. Since 
centralisation was established in 2012, the decision to operate patients seems solely 
attributable to patient and tumour characteristics. This supports the growing evidence in 
favour of centralising (surgical) treatment for complex and heterogeneous diseases such 
as EOC.
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INTRODUCTION

Epithelial ovarian cancer (EOC) is the seventh most common cancer in women worldwide 
and the most lethal gynaecologic cancer1,2. Due to the non-specific symptoms of this 
malignancy the majority of patients are diagnosed with advanced staged disease. 
This results in poor prognosis with five-year survival rates of 25-35%3,4. The mainstay 
of therapeutic management consists of platinum based chemotherapy in addition to 
cytoreductive surgery. Patient survival depends (among others) on the ability to minimise 
residual disease during surgery5,6. This suggests an amendable role for cytoreductive 
surgery in the primary treatment for EOC.
The efforts to improve care for EOC patients should emphasise on minimising the amount 
of residual disease by extensive surgery. Research has shown that cytoreductive surgery 
performed in high-volume hospitals by experienced gynaecologic-oncologists leads to 
improved outcome rates7-15. In the Netherlands, EOC patients were traditionally staged and 
treated in all hospitals, regardless of patients- or tumour characteristics. Consequently the 
level of surgical expertise was suspected to differ considerably across hospitals. In the last 
decade, a gradual centralisation process was initiated in several stages. In the first stage, 
gynaecologists in smaller hospitals consulted registered gynaecological-oncologists to 
perform surgery together in these smaller hospitals. In 2012, a national consensus was 
reached to restrict the performance of surgery to hospitals which carried out a minimum 
of twenty cytoreductive surgeries on an annual basis. Furthermore, more emphasis was 
placed on regional multidisciplinary tumour board (MDT) meetings. All patients diagnosed 
with ovarian cancer are discussed with gynaecological-oncologists, medical oncologists, 
pathologists and radiotherapists, prior to treatment. Overall, these developments led to 
improved surgical outcomes and improved survival in the Netherlands8,16. 
Although surgical care is increasingly centralised and outcomes improved for EOC patients, 
the initial diagnosis is made in virtually all Dutch hospitals. Most studies focus on the 
outcome rates of cytoreductive surgery and overall survival with respect to the success 
of centralisation. However, the diagnostic process and possible variation in treatment 
decisions between diagnosing hospitals is not a widely studied subject for ovarian cancer 
patients. In order to improve outcome rates for EOC patients, treatment decisions should 
be based on tumour- and patient characteristics and not be influenced by the hospital 
where patients are initially diagnosed. The present study examined whether the likelihood 
for EOC patients to undergo surgery depends on the hospital of initial diagnosis in an era of 
gradual centralisation of surgical care. 
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METHODS

Data collection

Patients were identified from the Netherlands Cancer Registry (NCR). The NCR is a 
population-based registry based on notification by the automated nationwide network 
and registry of histo- and cytopathology in the Netherlands (PALGA) and the National 
Registry of Hospital Discharge Diagnosis (LMR). It covers all newly diagnosed malignancies 
in the Netherlands. Dedicated registration clerks routinely extract patient information from 
medical records within the hospitals. 
The hospital and date of diagnosis is recorded for all patients in this study. In addition, 
hospitals and dates of provided treatments are recorded for patients from 2005 onwards. 
Treatment information includes the type of surgery (exploratory laparotomy, staging or 
cytoreductive surgery) and systemic treatment. Outcome of cytoreductive surgery was 
registered from 2004 onwards (optimal (≤1cm) versus incomplete (>1cm)). Complete 
cytoreduction, defined as no macroscopic residual disease, is registered from 2010. 
As for patient characteristics, data were obtained on patients’ age at diagnosis and 
socioeconomic status. Information on vital status and date of death are obtained through 
linkage with the municipal demography registries. Regarding tumour characteristics, 
information is available on histological subtype according to the International Classification 
of Disease-Oncology (ICD-O), differentiation grade and both clinical and pathological TNM 
(tumour-node-metastasis) stage17,18. Staging according to the Fédération Internationale de 
Gynécologie et d’Obstétrique (FIGO) 2009 system was derived from the TNM. 

Study population

All consecutive patients diagnosed with advanced stage EOC, including peritoneal and 
fallopian tube cancer (ICD-O codes C48.1, C48.2, C56.9 and C57.0), between 2000 and 2015 
were selected from the NCR. Advanced stage EOC was defined as FIGO stage IIB or higher 
based on operative findings and final pathology. In case patients did not undergo surgery or 
when patients underwent interval cytoreductive surgery after neoadjuvant chemotherapy 
(NACT), clinical tumour stage was used to avoid down-staging. Patients with an unknown 
FIGO stage were included as well, but only if they were diagnosed with peritoneal EOC 
(C48.1 and C48.2) because TNM stage was not registered for these patients until 2010.
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Hospital of diagnosis and surgery

Diagnosis was assigned to the hospital that was visited first by each patient for her disease. 
If hospitals merged within one of the specific time periods, these hospitals were analysed 
as a single institution for that particular period. For calculating patient’s probability of 
undergoing surgery, surgery was defined as any attempt to perform cytoreductive surgery, 
regardless of residual disease, timing of surgery and hospital of surgery. Thus, patients who 
underwent explorative surgery that did not result in tumour removal were regarded as 
patients who underwent surgery. 

Statistical analyses

Multilevel statistical techniques have been developed to analyse data arranged in a 
natural hierarchy19,20. Hence, to assess whether hospital level influenced decision-making 
processes, multilevel logistic regression was performed, thereby adjusting for case mix 
factors21,22. We included age, FIGO stage, histological type, differentiation grade and SES 
in the model, based on basic multivariable logistic regression models, and predicted the 
probability of undergoing surgery for each individual hospital expressed as an odds ratio 
(OR) accompanied by a 95% confidence interval (CI). The likelihood ratio test (LR test) was 
used to assess the influence of hospital level on the probability of undergoing surgery for 
the whole period. To study effects over time, a comparison was made between three time 
periods. The period before national consensus on centralisation took place was divided in 
two equal periods (2000-2005 and 2006-2011) and these were compared to the last period 
(2012-2015). 
The impact of centralisation on overall survival was explored using multivariable Cox 
regression models for the three individual time periods. These periods were analysed for all 
patients combined and stratified by surgical treatment (yes or no). Overall survival time was 
defined as the date of diagnosis until death or if patients were still alive to the last follow-
up date (1 February 2017). For all analyses a p-value <0.05 was considered statistically 
significant. Statistical analyses were performed using STATA/SE (version 14.1; STATA CORP., 
College Station, Texas, USA). 

RESULTS

Between 2000 and 2015, 15,314 EOC patients were diagnosed with advanced stage 
disease. Mean age at diagnosis was 66.3 years (standard deviation (SD)) 12.4 years) and 
increased over time (from 65.1(12.5) in 2000-2005 to 67.8(12.0) in 2012-2015, p<0.001). 
Most patients were diagnosed with a high grade serous tumour and had FIGO stage III 
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disease. The number of patients with an unknown FIGO stage decreased over time, while 
the number of patients with FIGO IV disease increased (table 1). A substantial number of 
our patients did not receive any therapy (12%) or received single therapy only (19%). 

Table 1: Baseline characteristics of EOC patients diagnosed in the Netherlands by period of diagnosis 
(n=15,314)

2000-2005 n (%) 2006-2011 n (%) 2012-2015 n (%) p-value

Age <0.001†

   18-59 1,723 (33.0) 1,689 (28.4) 969 (23.4)

   60-74 2,156 (41.4) 2,598 (43.6) 1,865 (45.0)

   >75 1,335 (25.6) 1,669 (28.0) 1,310 (31.6)

   Mean (SD) 65.1 (12.5) 66.2 (12.4) 67.8 (12.0) <0.001‡

FIGO stage <0.001†

   IIB-IIC 447 (8.6) 465 (7.8) 359 (8.7)

   IIIA-IIIC 3,085 (59.2) 3,387 (56.9) 2,477 (59.8)

   IV 1,163 (22.3) 1,515 (25.4) 1,303 (31.4)

   Unknown 519 (9.9) 589 (9.9) 5 (0.1)

Type of tumour <0.001†

   High grade serous 4,044 (77.6) 4,782 (80.3) 3,356 (81.0)

   Low grade serous 143 (2.7) 170 (2.9) 121 (2.9)

   Other 1,027 (19.7) 1,004 (16.8) 667 (16.1)

Socioeconomic status 0.042†

   High 1,562 (29.9) 1,776 (29.8) 1,262 (30.4)

   Medium 2,142 (41.1) 2,397 (40.3) 1,581 (38.2)

   Low 1,510 (29.0) 1,783 (29.9) 1,301 (31.4)

Total 5,214 5,956 4,144
† Chi-square test, ‡ ANOVA test

Hospital of diagnosis and hospital of surgery

Due to merges, patients were diagnosed in 96 hospitals in 2000-2005, 92 hospitals in 2006-
2011 and 90 hospitals in 2012-2015. Consequently, the mean annual number of diagnoses 
per hospital increased from 9 (interquartile range (IQR) 6-11) in 2000-2005 to 12 (IQR 7-15) 
in 2012-2015. 
Within the study period the number of patients who underwent surgical treatment 
decreased from 77% in 2000-2005 to 73% in 2012-2015 (p<0.001, table 2). The number 
of hospitals that performed cytoreductive surgery decreased from 77 in 2006-2011 to 39 
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in 2012-2015 (unknown for 2000-2005 as hospital of surgery was not registered at that 
time). Despite of the overall decrease in surgical treatment, the mean annual number 
of cytoreductive surgeries per hospital increased from 9 (IQR 3-12) in 2006-2011 to 17 
(IQR 5-20) in 2012-2015. More patients were referred to a specialised hospital to undergo 
cytoreductive surgery in the last period (35% in 2006-2011 compared to 71% in 2012-2015, 
p<0.001). Furthermore, the number of hospitals that met the minimum requirement of 20 
cytoreductive surgeries annually increased from 8% in 2006-2011 to 26% in 2012-2015. 
In addition, in 2015 69% of the hospitals that performed cytoreductive surgery met this 
requirement.   

Table 2: Hospital characterisations by period of diagnosis (n=15,314)

2000-2005 n (%) 2006-2011 n (%) 2012-2015 n (%)

Diagnosing hospitals 96 92 90

   1-10 annually 66 (68.7) 46 (50.0) 43 (47.8)

   ≥10 annually 28 (29.2) 42 (45.7) 39 (43.3)

   ≥20 annually 2 (2.1) 4 (4.3) 8 (8.9)

   Mean diagnosis annually (IQR) 9.1 (6.1-11.1) 10.8 (6.5-14.2) 11.5 (7.1-14.8)

Debulking	hospitals N.A. 77 39

   1-10 annually N.A. 52 (67.5) 18 (46.2)

   ≥10 annually N.A. 19 (24.7) 11 (28.2)

   ≥20 annually N.A. 6 (7.8) 10 (25.6)

   Mean surgeries annually (IQR) N.A. 9.1 (3.3-12.2) 16.9 (5.3-19.5)

Surgical treatment 4,022 (77.1) 4,622 (77.6) 3,012 (72.7)

Referral	for	debulking	surgery† N.A. 1,067 (35.4) 1,324 (71.1)

Total 5,214 5,956 4,144
† Patients who were diagnosed in specialised centres were excluded from this analysis
 

The percentage of patients who underwent an incomplete cytoreduction, indicating 
macroscopic residual tumour of >1 centimetres, decreased from 23% in 2006-2011 to 
13% in 2012-2015 (p<0.001). For patients treated with primary cytoreductive surgery or 
neoadjuvant chemotherapy these percentages decreased from 23% to 16% (p<0.001) 
and from 22% to 12% (p<0.001), respectively. Over the total study period, patients who 
were treated with primary cytoreductive surgery had a higher probability of an incomplete 
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cytoreductive surgery compared to patients who received neoadjuvant chemotherapy (OR 
1.37(1.23-1.52)). 

Probability of undergoing surgery

Prognostic factors for undergoing surgery are high socioeconomic status and younger age 
at diagnosis. Compared to those with FIGO III disease, patients with FIGO IV had a lower 
probability of undergoing surgery (OR 0.27(0.24-0.29)) and patients with FIGO IIB-IIC had 
a higher probability (OR 2.09(1.68-2.60)). Furthermore, patients with a low-grade serous 
tumour were more likely to undergo surgery compared to those with high-grade serous 
tumours (S1).  
In addition to these patient-related factors, multilevel multivariate logistic regression 
identified the hospital of diagnosis as a significant level for patients’ likelihood of undergoing 
surgery in 2000-2005 (LR test p<0.001, intra-class correlation (ICC) 6.1%) as well as in 
2006-2011 (LR test p=0.002, ICC 2.5%) (figure 1a, 1b). This effect disappeared in the period 
2012-2015, as no association between the hospital of initial diagnosis and probability of 
undergoing surgery was found in this timeframe (LR test p=0.127, ICC 0.9%, figure 1c). 
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Hospital of diagnosis (2000-2005)

ICC 6.1%, p<0.001

Figure 1a: Case-mix adjusted variation in the probability of undergoing surgery for each hospital of 
diagnosis in the period 2000-2005 expressed as an odds ratio and 95% confidence interval on a log 
scale by a multilevel multivariate regression model. Patients diagnosed in hospitals with an odds 
ratio less than 1 had a lower likelihood to undergo surgery, hospitals are sorted by their adjusted OR. 
Adjustment was made for age, FIGO stage, histological type, differentiation grade and socioeconomic 
status (n=5,214). 
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Hospital of diagnosis (2006-2011)

ICC 2.5%, p=0.002

Figure 1b: Case-mix adjusted variation in the probability of undergoing surgery for each hospital of 
diagnosis in the period 2006-2011 expressed as an odds ratio and 95% confidence interval on a log 
scale by a multilevel multivariate regression model. Patients diagnosed in hospitals with an odds 
ratio less than 1 had a lower likelihood to undergo surgery, hospitals are sorted by their adjusted OR. 
Adjustment was made for age, FIGO stage, histological type, differentiation grade and socioeconomic 
status (n=5,956).
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Hospital of diagnosis (2012-2015)

ICC 0.9%, p=0.127

Figure 1c: Case-mix adjusted variation in the probability of undergoing surgery for each hospital of 
diagnosis in the period 2012-2015 expressed as an odds ratio and 95% confidence interval on a log 
scale by a multilevel multivariate regression model. Patients diagnosed in hospitals with an odds 
ratio less than 1 had a lower likelihood to undergo surgery, hospitals are sorted by their adjusted OR. 
Adjustment was made for age, FIGO stage, histological type, differentiation grade and socioeconomic 
status (n=4,144)
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Survival 

Overall, crude five-year survival rates increased over time (23.5% in 2000-2005, 24.4% in 
2006-2011 and 25.7% in 2012-2015). When adjusted for patient and tumour characteristics, 
patients diagnosed in 2000-2005 experienced significant worse survival compared to those 
diagnosed in 2006-2011 (hazard ratio (HR) 1.15(1.10-1.20)) but there was no difference 
between patients diagnosed in 2006-2011 and in 2012-2015 (HR 0.98(0.93-1.03)). When 
stratified by surgical treatment we did see an increase in overall survival for patients who 
underwent surgery in the last period compared to 2006-2011 (HR 0.90(0.84-0.96), table 3). 

Table 3: Multivariable Cox regression models by period of diagnosis (n=15,314)

Model I Model II Model III

 Crude OSa HR (95%CI)† Crude OSa HR (95%CI)† Crude OSa HR (95%CI)†

2000-2005 23.5 1.15 (1.10-1.20) 29.3 1.17 (1.11-1.23) 3.8 0.95 (0.87-1.03)

2006-2011 24.4 Reference 30.6 Reference 2.7 Reference

2012-2015 25.7 0.98 (0.93-1.03) 34.7 0.90 (0.84-0.96) N.A. 0.97 (0.89-1.05)
a 5-year crude overall survival (%)
Model I: all patients (n=15,314), Model II: patient who underwent surgery (n=11,656), Model III: patients who did 
not underwent surgery (n=3,658)
† Adjusted for age, FIGO stage, histological type, differentiation grade and SES

DISCUSSION

In this study, we showed that for EOC patients, centralisation of surgical care resulted in 
more coherent treatment policies across Dutch hospitals. Following a number of initiatives, 
including the national consensus on a volume norm for cytoreductive surgeries, the decision 
whether or not to operate patients no longer depends on the hospitals of initial diagnosis. 
Instead, patients and tumour characteristics may now fully explain observed variations in 
treatment decisions. 
Centralisation of (surgical) care aims to improve overall survival of EOC patients by, among 
others, improving the outcome of cytoreductive surgery. The percentage of cytoreductive 
surgeries that result in no macroscopic residual disease increase when they are performed 
in high volume hospitals by experienced gynaecological-oncologists14,15,23. In line with 
these studies, our study also showed that the percentage of patients with >1 centimetre 
of residual disease decreased after centralisation was established. Most importantly, 
our study confirmed the improved survival rates after centralisation for patients who 
underwent (an attempt to) surgical treatment as reported earlier by Eggink et al.8. In 
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addition to these favourable outcomes, this study shows a decrease in treatment variation 
between diagnosing hospitals, suggesting improved awareness about the important role of 
cytoreductive surgery on patients’ prognosis, also in non-surgical centres. 
Overall survival rates of the whole study population remained fairly stable around 25%, 
which is lower when compared to the results reported by the majority of studies24-26. 
However, most of these series concern single or multicentre studies that include a selective 
group of patients who had primary cytoreduction in combination with chemotherapy 
(PDS). In contrast, in our population-based study, we included unselected patients by using 
the NCR database. In this unselected nationwide population, a fair number of patients 
did not receive any treatment  or underwent single therapy only, which translates into 
lower survival rates. Indeed, the subgroup of patients diagnosed between 2012-2015 who 
underwent PDS had a five-year survival of 53.7%, which is comparable to the rates reported 
in other studies (data not shown). 
Centralisation for EOC patients was implemented as anticipated; more patients were 
referred for surgical treatment and a decrease in surgical centres is noted over time. 
However, we showed that only 26% of the hospitals met the consensus requirement of 
performing a minimum of twenty cytoreductive surgeries on an annual basis within the 
last period. Centralisation was formally established in 2012 but implementation of new 
guidelines take time when covering multiple hospitals27. Regarding centralisation processes, 
some hospitals could be identified as ‘early adopters’ according to Roger’s diffusion theory 
because the provided evidence convinces them. Other hospitals could be identified as 
‘late majority’ or ‘laggards’ because of deviant beliefs28. This theory is exemplified by some 
hospital that still performed cytoreductive surgery in 2012-2013, and started referring their 
patients to specialised centres from 2014 onwards. So, in 2015, 69% of the hospitals that 
performed cytoreductive surgery met the consensus requirement. Moreover, cytoreductive 
surgeries for recurrent disease are not registered within the NCR, so the annual number 
per hospital could be slightly higher. 
In the second period, 2006-2011, surgical collaboration between registered gynaecological-
oncologist and general gynaecologists enabled smaller hospitals to continue  performing 
cytoreductive surgeries rather than referring to specialised hospitals. These first initiatives 
to centralisation already resulted in a decrease in hospital variation, although the initial 
hospital of diagnosis still significantly influenced treatment decisions. In the last period, 
centralisation also covered the introduction of regional MDTs and a national consensus 
was reached, which may explain the non-significant association between the hospital of 
diagnosis and likelihood of undergoing surgery. 
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The proportion of patients who underwent surgery decreased in the last period. We 
showed that important predictors for undergoing surgery were younger age, high SES 
and low FIGO stage, which is consistent with international literature21,29. In the last period 
patients became significantly older and were more often diagnosed with FIGO stage IV 
disease. This might have contributed to the decreased surgical rate in our population. 
The rise in FIGO IV disease could be explained by improved diagnostic workup in terms of 
extended pre-operative imaging and cytological examination of pleural fluid. Furthermore, 
the percentage of patients with an unknown FIGO stage decreased considerably in the last 
period as a result of nationwide registration of TNM stage for primary peritoneal cancers 
within the NCR. The distribution of stage III and IV patients in this group is comparable 
to primary ovarian cancers, so the rise in FIGO IV patients is probably not based on this 
registration artefact. 
Besides changes in our population, the introduction of neoadjuvant chemotherapy as an 
alternative approach for advanced stage EOC patients may play a role in the decreased 
surgical rate30,31. The use of neoadjuvant chemotherapy increased in the Netherlands and 
the majority of advanced stage patients were treated with NACT-IDS in the last period8. 
After two or three cycles NACT, patients are evaluated whether they should undergo 
interval cytoreductive surgery. When NACT is prematurely stopped due to unacceptable 
side effects, or response to NACT is low and intraperitoneal tumour load is high, these 
patients might be considered ineligible for cytoreductive surgery. Consequently, the 
percentage of patients who undergo cytoreductive surgery decreased. 
These alterations in treatment could also contribute to the improved surgical outcomes 
in the most recent period. The probability of gross residual disease is significantly lower 
after NACT. The selection of patients who undergo cytoreductive surgery thus altered 
over time. One could criticise this trend, if only patients with low intraperitoneal tumour 
load undergo cytoreductive surgery, outcomes will improve without actual improvement 
in quality of care. Consequently, if quality of care is getting worse, overall survival rates 
should drop in the most recent years. After all, cytoreductive surgery in combination with 
chemotherapy is the cornerstone of treatment in advanced ovarian cancer30. However, 
though surgical rates dropped in the last period, overall survival remained comparable and 
even improved for patients who had an attempt to cytoreductive surgery. This might imply 
that the selection process improved, and further improving patient selection is therefore 
of great importance. 
The limitations of the study are mainly related to the lack of detailed information about 
comorbidity, which is regarded as an important factor for initiating surgical treatment32. 
However, the addition of comorbidity to a comparable multilevel model in two studies 
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with gastric and oesophageal cancer patients did not reveal major differences in the 
analyses33,34. The initiation of surgery is not only based on the decision of physicians, but 
also on patients desires. This latter information is not available in our database and could 
possibly explain some variation between hospitals. Finally, we assumed that changes over 
time were associated with centralisation of surgical care and the introduction of MDTs. 
Although this sounds reasonable, and is supported by the decrease in surgical centres in 
the last period, we could not establish the cause-effect relationship of centralisation and 
improved outcome rates. Also we had no information about whether patients were truly 
discussed in MDTs. 

CONCLUSION

This study shows that centralisation of surgical care resolved the variation between hospitals 
in the probability to undergo cytoreductive surgery for patients with advanced EOC. Since 
centralisation was established in 2012, the decision to operate patients seems solely 
attributable to patient and tumour characteristics. This supports the growing evidence in 
favour of centralising (surgical) treatment for complex and heterogeneous diseases such 
as EOC. 
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SUPPLEMENTARY MATERIAL

S1: Multivariable logistic regression to assess patient and tumour characteristics that predicts surgical 
treatment for the entire study period (n=15,314)

Surgical treatment (%) OR (95% CI)†

Age

   18-59 91.2 Reference

   60-74 83.3 0.50 (0.44-0.57)

   >75 49.7 0.09 (0.08-0.10)

FIGO stage

   IIB-IIC 91.6 2.09 (1.68-2.60)

   IIIA-IIIC 82.0 Reference

   IV 58.8 0.27 (0.24-0.29)

   Unknown 73.1 0.57 (0.49-0.67)

Type of tumour

   High grade serous 73.9 Reference

   Low grade serous 88.9 1.98 (1.42-2.75)

   Other 84.1 1.43 (1.26-1.62)

Socioeconomic status

   High 78.7 Reference

   Medium 75.9 0.85 (0.77-0.95)

   Low 73.8 0.78 (0.70-0.87)

Total 76.1  

† All OR’s are adjusted for the listed variables
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ABSTRACT

Introduction
The care for patients with epithelial ovarian cancer (EOC) is organised in eight different 
geographical regions in the Netherlands. This situation allows us to study differences in 
practice patterns and outcomes between geographical regions for patients with FIGO stage 
IIIC and IV.

Methods
We identified all EOC patients who were diagnosed with FIGO stage IIIC or IV between 
01.01.2008 and 31.12.2015 from the Netherlands Cancer Registry. Descriptive statistics 
were used to summarise treatment and treatment sequence (primary cytoreductive 
surgery (PCS) or neoadjuvant chemotherapy and interval cytoreductive surgery (NACT-
ICS)). Moreover, outcome of surgery was compared between geographical regions. 
Multilevel logistic regression was used to assess whether existing variation is explained by 
geographical region and case-mix factors. 

Results
Overall, 6,741 patients were diagnosed with FIGO IIIC or IV disease. There were no 
differences in the percentage of patients that received any form of treatment between 
the geographical regions (range 80-86%, P=0.162). In patients that received cytoreductive 
surgery and chemotherapy, a significant variation between the geographical regions was 
observed in the use of PCS and NACT-ICS (PCS: 24-48%, P<0.001). The percentage of 
complete cytoreductive surgeries after PCS ranged from 10-59% (P<0.001) and after NACT-
ICS from 37-70% (P<0.001). Moreover, geographical region was independently associated 
with the outcome of surgery, also when adjusted for treatment sequence (P<0.001). 

Conclusion
We observed a significant variation in treatment approach for advanced EOC between 
geographical regions in the Netherlands. Furthermore, the probability to achieve no 
residual disease differed significantly between regions, regardless of treatment sequence. 
This may suggest that surgical outcomes can be improved across geographical regions. 
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INTRODUCTION

Epithelial ovarian cancer (EOC) is the most lethal gynaecological cancer worldwide, and 
long-term overall survival did not change over the last twenty years1,2. Most patients are 
diagnosed with advanced stage disease, which requires extensive treatment consisting of 
maximal cytoreductive surgery (CRS) and platinum-based chemotherapy. 
The outcome of CRS is one of the few amendable factors in EOC patients, and is directly 
linked to survival rates3. Patients with no macroscopic residual disease after surgery 
(complete CRS) have the best survival4. Extensive surgical procedures, including bowel 
surgery and diaphragm stripping, are often required to obtain a complete CRS. It is suggested 
that surgical outcomes can be improved through several factors. First of all, neoadjuvant 
chemotherapy (NACT) may reduce intra-abdominal tumour load, which diminishes the 
complexity of the surgical procedure, in order to increase the likelihood to successful 
surgery5,6. Furthermore, centralizing surgical care, and thus increasing the surgical volume 
of hospitals and individual gynaecologic-oncologists, contributes to improved (surgical) 
outcomes7-9. Finally, discussing all patients in (regional) multidisciplinary tumour board 
meetings, including adequate preoperative diagnostics (imaging, pathology review and in 
selected patient diagnostic laparoscopy), ensures that every patient undergoes the most 
optimal treatment strategy10,11. 
The most optimal treatment strategy, however, is subject to a lively debate among experts. 
Over the last years, NACT followed by interval cytoreductive surgery (ICS) became an 
attractive treatment alternative with non-inferior long-term outcome in randomised studies 
and reduced morbidity in Fédération Internationale de Gynécologie et d’Obstétrique (FIGO) 
stage IIIC and IV patients5,6. However, since survival of patients after a complete primary 
cytoreductive surgery (PCS) is higher when compared to a complete ICS, variation between 
believers and non-believers exists in adopting NACT-ICS5,12-14. 
Patients with ovarian cancer are treated within different geographical regions in the 
Netherlands. In these regions, specialised gynaecologic-oncologic centres organise 
regional multidisciplinary tumour board meeting, in which patients from the whole region 
are discussed. Moreover, these meetings facilitate referral for CRS, as the performance of 
CRS is restricted to specialised gynaecologic-oncologic centres that perform a minimum 
of twenty cytoreductive surgeries annually. This situation allows us to study differences 
in practice patterns between geographical regions for all FIGO stage IIIC and IV patients, 
including those who undergo limited or no therapy at all. Therefore, the aim of our study 
is to describe variation between geographical regions in the Netherlands in primary 
treatment for advanced EOC patients, and its effect on patient outcome.  
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METHODS

We identified all consecutive patients that were diagnosed with EOC, including fallopian tube 
and primary peritoneal cancer (International Classification of Diseases for Oncology (ICD-O) 
C56.9, C57.0, C48.2), from the Netherlands Cancer Registry (NCR)15. Thoroughly trained 
registration clerks routinely extract information on patient and tumour characteristics, 
diagnostic procedures and treatment from medical records. For this study, complementary 
data were obtained for patients who underwent chemotherapy and/or cytoreductive 
surgery. Follow-up is obtained by annual linkage with the municipal demography registries 
(GBA). The study design, data abstraction process and storage protocols were approved by 
the NCR review board.

Study population

We included all patients who were diagnosed with FIGO IIIC and IV disease between 
01.01.2008 and 31.12.2015. Patients were divided into groups according to their treatment; 
either no therapy (i.e. neither chemotherapy nor cytoreductive surgery), chemotherapy 
only, or a combination of cytoreductive surgery and chemotherapy. Moreover, patients 
were categorised according to treatment sequence in PCS, NACT-ICS, or PCS+NACT-ICS. The 
latter category was used for patients who underwent an exploratory laparotomy followed 
by NACT and ICS, or when initial PCS resulted in a suboptimal cytoreduction and secondary 
ICS was performed. 

Geographical regions 

In the Netherlands, patients with ovarian cancer are treated within eight different 
geographical regions. Over time, the number of hospitals that perform cytoreductive 
surgery decreased as a result of formal surgical volume norms. Every region contains at 
least one academic/specialized referral centre. The treatment hospital defined the specific 
geographical region for patients. In case hospitals of surgery and chemotherapy differed, 
the hospital of surgery was chosen as treatment hospital. In addition, when patients did 
not undergo surgery or chemotherapy, the hospital of initial diagnosis was chosen.  

Definitions

The outcome of cytoreductive surgery was defined as complete in case of no macroscopic 
residual disease, as optimal in case of residuals of 0-1cm in maximal diameter, and as 
suboptimal in case of >1cm of residual disease. In case patients underwent multiple 
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(attempts to) cytoreductions (PCS+NACT-ICS, the last cytoreductive surgery was used to 
determine the outcome of cytoreductive surgery. 
For patients who underwent chemotherapy and/or cytoreductive surgery, CA125 at 
diagnosis, American Society of Anaesthesiologists (ASA) scores, and present comorbidities 
were extracted from medical records. The latter were used to calculate the Charlson 
Comorbidity Index (CCI)16. In patients with limited or no therapy, socioeconomic status 
(SES) was used as proxy for comorbidity, since concomitant medical conditions are more 
common in patients with low SES17,18. SES was based on a patients postal area according to 
the Netherlands Institute for Social Research19. 

Statistical analyses

Descriptive statistics were used to summarize treatment, treatment sequence (PCS, 
NACT-ICS or PCS+NACT-ICS) and outcomes of cytoreductive surgery in each geographical 
region and over the study period (in two-year intervals). In order to gain insight into crude 
differences between regions (i.e. not adjusted for patient- and tumour characteristics), chi-
square tests were used. Multilevel logistic regression was used to account for differences 
in case mix between geographical regions. We adjusted our models for age, FIGO stage, 
histologic subtype, differentiation grade, year of diagnosis and SES. In patients who 
underwent cytoreductive surgery and/or chemotherapy multilevel models were adjusted 
for performance score and CCI, rather than SES. In addition, CA125 at diagnosis (loge-
transformed) was also added in these models.
Kaplan-Meier survival curves and log-rank tests were used to analyse overall survival (OS) 
and event-free survival (EFS). OS was defined as the date from diagnosis until date of death 
or last follow-up date in case patients were still alive (01.02.2018), which was available for 
all included patients. EFS was only available for patients who underwent chemotherapy and/
or cytoreductive surgery. In these patients; EFS was defined as the date from last treatment 
until date of recurrence, progression or death (whichever occurred first). Progression was 
defined as clinical signs of tumour growth, i.e. increase in CA125 and/or visible lesions on 
imaging techniques (either regrowth of pre-existing lesions or new lesions), combined with 
the clinical judgment of the treating physician (medical oncologist or gynaecologists). In case 
patients had no signs of progression and were still alive, they were censored at their last 
hospital visit. For multivariable cox-regression models, we adjusted survival outcomes for age 
at diagnosis, FIGO stage, histologic subtype, differentiation grade, CCI, CA125 at diagnosis and 
treatment sequence. A P-value <0.05 was considered statistically significant, and analyses 
were performed using STATA/SE (version 14.1; STATA CORP., College Station, Texas, USA). 
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RESULTS

Overall, 6,741 patients were diagnosed with FIGO IIIC or IV disease between 01.01.2008 
and 31.12.2015. We categorized patients into eight different geographical regions, which 
ranged in number of patients from 515 to 1,572 patients over the total study period. 
Baseline characteristics of all patients and stratified by region were presented in the 
appendix (S1).

Variation in treatment over time and between geographical regions

The number of patients that underwent CRS in combination with chemotherapy decreased 
over time in our total population (from 70% in 2008-2009 to 62% in 2014-2015). 
Simultaneously the number of patients that received solely chemotherapy increased, and 
the number of patients that received neither chemotherapy nor surgery increased as well 
(S2a). Changes over time were mainly observed in case of FIGO stage IIIC, while therapy did 
not significantly change in FIGO IV patients (P=0.899). Over time, median age at diagnosis 
increased from 67 years (interquartile range (IQR) 59-76) to 69 years (IQR 61-77, P<0.001). 
Changes in therapy regimen were not observed in patients aged younger than 65 (P=0.710), 
but did change significantly in patients over 65 years (P=0.028).
We observed no difference in the number of patients that received no therapy between 
geographical regions (figure 1a, range 14-20%, P=0.134). This did not change when we 
adjusted our analyses for patient- and tumour characteristics (LR test ICC 0.4%, P=0.162). 
The number of patients that underwent cytoreductive surgery in combination with 
chemotherapy did differ between the geographical regions (range 61-71%, P<0.001), also 
when adjusted for patient- and tumour characteristics (LR test ICC 1.4%, P<0.001).

Variation in the use of PCS and NACT-ICS over time and between geographical regions

In patients that underwent the combination of cytoreductive surgery and chemotherapy, 
we observed a significant decrease in the use of PCS over time (41% in 2008-2009 to 27% 
in 2014-2015, P<0.001, S2b). Simultaneously, the number of patients that underwent PCS 
followed by NACT-ICS decreased over time as well (11% in 2008-2009 to 6% in 2014-2015, 
P<0.001, S2b). Furthermore, there was a significant variation in initial treatment sequence 
between the geographical regions (PCS: 24-48%, NACT-ICS: 44-70% and PCS+NACT-ICS: 
5-13%, P<0.001, figure 1b). 
The variation in use of initial NACT-ICS could not be explained by differences in patient 
characteristics, while treatment region contributed to the variation in used treatment 
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sequence (LR test ICC 5.7%, P<0.001). Factors that were associated with a higher likelihood 
towards initial NACT-ICS were higher age, FIGO IV disease, poor performance score and a 
high CA125 at diagnosis (table 1).

Table 1: Prognostic factors that are associated with NACT-IDS in advanced EOC patients

OR (95%CI)†

Age

   <65 Reference

   65-75 1.27 (1.07-1.49)

   >75 1.22 (0.98-1.52)

FIGO stage

   IIIC Reference

   IV 2.93 (2.44-3.52)

Histologic	subtype

   Serous Reference

   Mucinous 0.37 (0.22-0.63)

   Endometrioid 0.61 (0.40-0.92)

   Clear-cell 0.23 (0.15-0.36)

   Adenocarcinoma NOS 2.25 (1.66-3.04)

   Other 0.41 (0.22-0.76)

Differentiation	grade

   I Reference

   II 1.46 (1.21-1.76)

   III 1.71 (1.60-2.84)

ASA score

   ASA I Reference

   ASA II 1.46 (1.21-1.76)

   ASA ≥3 2.13 (1.60-2.84)

CCI	score*

   0 Reference

   1 0.93 (0.75-1.14)

   ≥2 0.93 (0.76-1.15)

CA125 at diagnosis 1.41 (1.33-1.48)

Year of diagnosis 1.16 (1.12-1.21)

†All Odds Ratios (OR) are adjusted for the listed variables, all unknown variables were included in the model but 
not listed in this table
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Figure 1: Treatment approach (A) and treatment sequence (B) in advanced stage EOC patients by 
geographical region

Variation in the outcome of surgery over time and between geographical regions

The probability of a complete cytoreductive surgery was higher when patients were 
treated with NACT (41% after PCS, 50% after NACT-ICS), also when adjusted for patient- 
and tumour characteristics (OR 1.56, 95%CI 1.33-1.82). Therefore, the outcomes of 
surgery are presented stratified by the treatment sequence. Surgical outcomes improved 
over time, for both PCS and NACT-ICS patients (S3a and S3b, respectively). There was a 
significant variation, however, in surgical outcomes between geographical regions. For 
patients who underwent PCS, the percentage of complete surgery ranged between 10-
59% (P<0.001, figure 2a). When adjusted for patient- and tumour characteristics, there 
was still a significant variation between geographical regions (LR test P<0.001, ICC 19.3%). 
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The same patterns were observed for patients who received NACT and ICS, but smaller 
variation existed between the geographical regions (37-70%, LR test P<0.001, ICC 3.7%, 
figure 2b). 
When treatment sequence was incorporated in our multilevel model, the probability of 
complete CRS was still influenced by the geographical region where patients were treated 
(24-67%, LR test P<0.001, ICC 6.5%).
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Figure 2: Surgical outcomes after PCS (a) and NACT-ICS (b) in advanced stage EOC patients by 
geographical region

Survival outcomes

OS was significantly influenced by treatment sequence and outcome of CRS. OS was 
the highest in patients with no residual disease after PCS (S4). Survival of patients who 
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underwent PCS+NACT-ICS was similar to patients that underwent initial NACT-ICS (5-year 
survival both 23%, P=0.741). 
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Figure 3: Kaplan-Meier survival curves stratified by geographical region. A) Overall survival for all 
patients B) Overall survival for patients who underwent cytoreductive surgery and chemotherapy C) 
Event-free survival for patients who underwent cytoreductive surgery and chemotherapy
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In all patients together, including those with no or limited therapy, there was no significant 
difference in OS between geographical regions (five-year OS range 17-22%, P=0.059, figure 
3a). In patients who underwent chemotherapy and cytoreductive surgery survival rates did 
differ significantly (five-year OS range 24-30%, P=0.030, figure 3b). In addition, EFS (only 
known for patients undergoing cytoreductive surgery and chemotherapy) also differed 
significantly between regions (five-year EFS range 9-13%, P=0.030, figure 3c). Patients who 
were treated in the region with the lowest number of complete cytoreductive surgeries 
(region 5), experienced significantly worse EFS and OS (adjusted HREFS 1.28(1.14-1.44) and 
HROS 1.18(1.04-1.34) compared to all other regions). However, as stated above, the OS of all 
patients (including those with no or limited therapy) in this region was comparable to the 
other regions (adjusted HROS 1.07(0.97-1.18)). 

DISCUSSION

In this large population-based study, we gained insight in the variation between geographical 
regions in the primary treatment for EOC patients. The use of PCS and NACT-ICS differed 
significantly between regions and could not be (fully) explained by differences in patient 
populations. Moreover, the probability of complete cytoreductive surgery differed 
among the regions, even when accounting for possible confounders (including treatment 
sequence).
A considerable number of patients did not undergo any treatment in our population (16%), 
and this was not associated with geographical region. Over time, the number of patients 
that did not undergo any treatment increased, and was (partly) explained by an increasing 
age at diagnosis. Age is a strong predictor of receiving treatment20-23. This phenomenon 
could be explained by more comorbidity at higher age, and also by patients’ wishes. Proper 
selection of patients who undergo treatment is of paramount importance, as some studies 
showed that the effect of age on survival disappears when standard treatment is applied22,24. 
A standardised geriatric assessment may help to identify those patients who benefit from 
surgery and platinum-based combination chemotherapy, and those who may not complete 
this aggressive therapy25-27. In the latter, (palliative) chemotherapy may increase survival in 
combination with symptom control and better quality of life. The effect of single-agent or 
standard combination chemotherapy should be studied in this fragile population as well, 
considering the increasing number of patients that is diagnosed at an older age. 
In patients that underwent the combination of chemotherapy and cytoreductive surgery, 
the timing of surgery is based on (inter)national guidelines, in which a wide range of advices 
exists. The Dutch guideline (2012) and the NICE guideline (2011) both suggest that the 
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aim of cytoreductive surgery should be complete resection, for which PCS and NACT-ICS 
can both be used28,29. The Belgian guideline (2016) prefers PCS when complete resection 
seems feasible, but NACT-ICS could be considered as alternative treatment approach 
(predominantly when lesions are larger than 5cm)30. The American guideline prefers PCS 
when complete cytoreductive surgery is deemed feasible, but prefers NACT-ICS over PCS 
in case of a high perioperative risk profile or a low likelihood to optimal cytoreduction 
(<1cm)31. The German guideline (2013), however, states that patients obtain no benefit 
from NACT-ICS, and PCS is thus the preferred treatment option with no macroscopic 
residual disease as goal32. The discrepancy between guidelines reflects the ongoing debate 
about the subject, and the absence of clear advice in the Dutch guideline explains the 
observed variation between geographical regions.
A previously published meta-analysis concluded that NACT-ICS was inferior to PCS, and 
comprised retrospective data13. In our study, which is also based on retrospective data, 
patients with no residual disease after PCS experienced the best survival. Retrospective 
studies on PCS versus NACT-ICS are exposed to confounding by severity, which refers to 
the situation where physicians alter their treatment according to patient- and tumour 
characteristics33. Especially in earlier years, where NACT-ICS was an exception in the 
treatment for advanced EOC, patients who underwent this treatment sequence were 
probably older and had a higher tumour load, which explains the inferior survival of NACT-
ICS patients in these series. Two landmark randomized clinical trials found no differences 
in survival outcomes between PCS and NACT-ICS5,6. The most important limitation of both 
studies is the low rate of complete cytoreductive surgeries, predominantly in the PCS 
group (19% and 17% in the EORTC and CHORUS trial respectively), which may limit external 
validity. Upcoming RCTs try to overcome this limitation by setting surgical requirements, 
as it has been argued that surgical interventions can only be properly studied in RCTs with 
adequate surgical quality34,35. 
It is agreed that the outcome of surgery is one of the most important prognostic factor 
for prolonged survival3,4. Our study showed that the geographical region influences the 
probability of leaving no macroscopic residual disease, independent of treatment approach 
(PCS vs. NACT-ICS). Patient related factors and tumour biology are known to affect surgical 
outcome, but are hardly amendable36-38. Centralisation of care, however, may improve 
surgical outcomes and survival in ovarian cancer patients7-9. A national consensus was 
reached in 2012 to restrict the performance of surgery to hospitals that carried out a 
minimum of twenty cytoreductive surgeries on an annual basis in the Netherlands. This 
consensus, in combination with increased use of NACT-ICS, resulted into more favourable 
surgical outcomes over time. The differences between geographical regions were, however, 
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also present in the period after 2012 (data not shown). Previous studies already showed 
that a considerable number of hospitals involved in the surgical treatment of ovarian cancer 
patients, did not meet the minimal requirement of twenty cytoreductive surgeries annually 
in the Netherlands (56% in 2013 and 31% in 2015)9,39. Although the most optimal treatment 
strategy is a subject of a lively debate, the goal of cytoreductive surgery should be no 
macroscopic residual disease. Further optimisation of surgical outcomes could be achieved 
through adequate patient selection, and adequate centralisation of surgical care to ensure 
the most optimal treatment regimen for all patients. These findings suggest opportunities 
for improvement to ensure that the likelihood towards no macroscopic residual disease is 
equal in patients with similar extent of disease.
In the present study, we observed variation in survival between geographical regions. This 
may be related to the variation in surgical outcomes, as OS and EFS were the lowest in the 
region with the lowest number of complete cytoreductive surgeries. However, when all 
patients were analysed together (including those with no or limited therapy), survival was 
comparable between all regions. Patient selection to those who benefit from cytoreductive 
surgery and chemotherapy may explain this discrepancy, and this may differ between 
regions. Moreover, the impact of the observed variation in clinical outcome is susceptible 
to a variety of biases. Earlier studies showed that initial disease burden at diagnosis 
influenced OS, while patients had the same amount of residual disease after surgery 36,38. 
In addition, we observed that EFS was more affected than OS by the treatment region. This 
may be explained by other differences between geographical regions. Long-term overall 
survival is not only influenced by the primary treatment, but also by a patient’s response to 
treatment for recurrent disease. Data about treatment after recurrence is lacking, however, 
in our database. Finally, the judgement of residual disease between geographical regions 
probably differs between gynaecologists, and may have influenced our results40,41.
Our study has some limitations. The amount of intra-abdominal disease at diagnosis 
(besides FIGO stage) as well as the location of the tumour bulk (upper or lower abdomen) 
were unknown in our database. These factors are inherently associated with successful 
surgery, and may explain (some) variation between regions. Moreover, a substantial number 
of patients did not undergo any treatment, but the rationale for omitting treatment in 
individual patients was not recorded. At last, our multivariable models were not adjusted 
for the use of (hyperthermic) intraperitoneal chemotherapy, and could have potentially 
biased our results since this is associated with improved survival in selected patient 
populations42,43. Strengths of our study are the population-based character, complete 
follow-up status, and additional data in treated patients (such as comorbidity, CA125 at 
diagnosis and performance status) for which we could adjust our models. 
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In conclusion, we observed significant variation in the treatment approach between 
geographical regions, and in the probability to reach no macroscopic residual disease. 
This variation resulted in survival differences in the treated population, but not when all 
patients were analysed together. As the results of upcoming RCTs are eagerly awaited for 
the optimal treatment approach, stricter compliance to surgical guidelines may  improve 
outcome of surgery. 
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SUPPLEMENTARY MATERIAL

S1: Baseline characteristics of all patients stratified by oncological region

Total 
population	

(%)

Region 
1 

(%)

Region 
2

(%)

Region 
3 

(%)

Region 
4 

(%)

Region 
5 

(%)

Region 
6 

(%)

Region 
7

(%)

Region 
8 

(%) p-value

Age 0.552†

 <65 37.2 40.2 37.9 36.7 34.6 37.1 37.9 38.1 33.3

 65-75 34.0 32.3 32.0 34.4 36.7 35.4 33.6 33.1 34.7

 >75 28.8 27.5 30.1 28.9 28.7 27.5 28.5 28.8 32.0

 Mean (SD) 67.8 
(12.1)

67.0 
(12.3)

68.0 
(12.4)

68.2 
(11.5)

68.0 
(11.6)

67.5 
(12.2)

67.5 
(12.6)

67.7 
(11.9)

68.9 
(11.3)

0.117‡

FIGO stage 0.011†

 IIIC 60.9 61.2 60.4 60.8 59.3 63.5 61.9 62.9 54.7

 IV 34.7 34.9 34.2 34.5 34.5 32.6 35.2 32.8 39.1

 Unknown 4.4 3.9 5.4 4.7 6.2 3.9 2.9 4.3 6.2

SES <0.001†

 Low 30.0 36.8 13.4 46.2 23.6 16.5 23.6 29.9 43.4

 Middle 40.0 38.2 38.8 41.2 45.6 33.2 36.3 46.4 44.5

 High 30.0 25.0 47.8 12.6 30.8 50.3 40.1 23.7 12.1

Histologic	subtype <0.001†

 Serous 65.7 67.9 72.0 68.1 62.0 63.2 65.0 65.0 68.6

 Mucinous 2.3 2.7 2.3 1.4 3.0 2.0 1.6 1.6 3.5

 Endometrioid 2.7 3.5 2.5 2.1 1.5 3.1 2.0 2.0 1.9

 Clear-cell 2.2 1.9 2.7 2.5 1.5 2.2 2.6 2.6 2.1

 Adenocarcinoma NOS 25.0 21.3 18.7 24.7 28.9 26.8 26.2 26.2 22.7

 Other 2.1 2.7 1.8 1.2 3.1 2.7 2.6 2.6 1.2

Differentiation	grade <0.001†

 I 3.2 3.4 2.5 2.5 2.5 4.3 4.2 2.0 2.9

 II 7.0 8.2 8.6 6.5 6.6 8.6 5.5 6.0 9.0

 III 40.9 41.3 42.9 39.9 37.9 33.6 41.7 47.3 43.0

 Unknown 48.9 47.1 46.0 51.1 53.0 53.5 48.6 44.7 45.1

CCI	score* <0.001†

 0 65.1 62.6 62.9 64.6 64.4 67.5 65.8 67.4 65.2

 1 16.6 17.0 13.8 19.3 16.1 17.7 15.5 16.9 16.0

 ≥2 15.9 16.1 16.3 15.3 17.8 13.2 17.3 13.3 16.9

 Unknown 2.4 4.3 7.0 0.8 1.7 1.6 1.4 2.4 1.9  

* CCI score: Charlson Comorbidity Score †Chi-square test ‡ANOVA test
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S2: Trends in treatment approach (A) and treatment sequence (B) in advanced stage EOC patients 
over time
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S3: Trends in surgical outcomes after PCS (A) and after NACT-ICS (B) in advanced stage EOC patients 
over time
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S4: Overall survival outcomes for FIGO stage IIIC and IV patients, stratified by treatment sequence 
and surgical outcome

 
5-year survival 

(%)
Median survival 

(months)
Univariable	HR	

(95%CI)
Multivariable	HR	

(95%CI)†

PCS, complete 54.3 66.8 reference reference

NACT-ICS, complete 32.9 40.9 1.75 (1.53-1.99) 1.63 (1.41-1.88)

PCS, optimal 32.4 38.2 1.90 (1.63-2.21) 1.89 (1.59-2.21)

NACT-ICS, optimal 14.6 27.3 3.02 (2.64-3.45) 2.74 (2.36-3.18)

PCS, suboptimal 9.8 15.7 4.86 (4.10-5.78) 4.38 (3.63-5.27)

NACT-ICS, suboptimal 6.4 19.2 4.73 (4.03-5.55) 4.35 (3.66-5.17)
† Adjusted for age (continuous), FIGO stage, histologic subtype, differentiation grade, performance score, CCI and 
CA125 at diagnosis
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ABSTRACT

Objective
Despite being the most important prognostic factor for prolonged overall survival in 
epithelial ovarian cancer (EOC), the measurement of residual disease is hampered by its 
subjective character. Additional assessment tools are needed to establish the success of 
cytoreductive surgery in order to predict patients’ prognosis more accurately. The aim of 
this study is to evaluate the independent prognostic value of perioperative CA125 change 
in advanced stage EOC patients.

Study design
We identified all patients who underwent primary cytoreductive surgery for advanced 
stage (FIGO IIB-IV) EOC between 2008 and 2015, from the Netherlands Cancer Registry. 
The relative perioperative change in CA125 was categorised into four groups; increase, 
<50% decline, 50-79% decline and ≥80% decline. Overall survival (OS) was analysed using 
Kaplan-Meier survival curves and multivariable cox regression models. 

Results 
We included 1,232 eligible patients with known pre- and postoperative CA125 serum 
levels. Patients with a decline of ≥80% in CA125 levels experienced improved OS compared 
to those with a decline of <50% (univariable Hazard Ratio (HR) 0.45, 95%CI 0.36-0.57). 
The prognostic effect of perioperative CA125 change was independent of patient- and 
treatment characteristics, such as the extent of residual disease after cytoreductive surgery 
(multivariable HR≥80% 0.52(0.41-0.66)). 

Conclusions 
This study shows that the perioperative change in CA125 is an independent prognostic 
factor for overall survival after primary surgery for EOC patients. This pleads for the use of 
a combined model, consisting of perioperative CA125 change and the outcome of residual 
disease, in order to predict the prognosis of EOC patients more accurately.
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INTRODUCTION

Epithelial ovarian cancer (EOC) is the leading cause of death from gynaecological tumours1. 
Since 1999, the five-year overall survival (OS) rates have hardly changed, resulting in an OS 
of 35%2-5. Management of advanced stage ovarian cancer consists of surgical cytoreduction 
and (neo)adjuvant platinum-based chemotherapy. The timing of surgery depends on 
patient characteristics and extensiveness of the tumour in relation to the ability of achieving 
maximal cytoreduction6,7. 
Despite being the most important prognostic factor for prolonged OS in EOC patients, 
measurement of the extent of residual disease is hampered by several factors8-10. First, 
it is based on the surgeons’ intraoperative assessment, and is therefore subject to inter- 
and intra-observer variability11,12. Second, it can be difficult to distinguish viable residual 
tumour from fibrotic lesions, particularly after neoadjuvant chemotherapy (NACT). Third, 
residual disease does not account for the number of lesions but only for the largest lesion 
in maximum diameter, and is therefore a crude measure of the residual cancer burden. 
Additional assessment tools are needed to establish the success of cytoreductive surgery 
in order to predict patients’ prognosis more accurately12,13.
In search of new prognostic factors, it is suggested that initial disease burden influences 
the prognosis of patients, regardless of successful surgery14,15. This implies that disease 
presentation should be incorporated into new prognostic factors. The perioperative 
change in CA125 is an objective measurement which includes initial disease presentation, 
and may be a better marker for residual cancer burden after cytoreductive surgery (and 
therewith disease-specific survival), than the surgeons’ estimation of residual tumour 
volume. Prior studies evaluating the prognostic value of perioperative CA125 decline 
were limited by a small sample size, precluding optimal multivariable adjustments16-18. 
Nevertheless, a decline in CA125 <50% was associated with higher crude disease-specific 
mortality16,19-21.  
The aim of this study is to establish the independent prognostic value of perioperative 
CA125 change in advanced EOC patients who underwent primary cytoreductive surgery. 
In addition, we aim to provide insight into the association between perioperative CA125 
change and the outcome of cytoreductive surgery. 

METHODS

Patients were identified from the Netherlands Cancer Registry (NCR), which is a nationwide 
cancer registry with coverage of all newly diagnosed malignancies in the Netherlands since 
1989. Information on vital status and date of death were obtained from the municipal 
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demography registries. The study design, data abstraction process and storage protocols 
were approved by the NCR review board. 

Study population  

For this study, we identified all consecutive patients diagnosed with EOC, including primary 
peritoneal and fallopian tube carcinoma (ICD-O codes C48.2, C56.9 and C57.0)22, between 
01.01.2008 and 31.12.2015 in the Netherlands. We selected all advanced stage patients 
(FIGO IIB-IV) who underwent primary cytoreductive surgery. FIGO stage (2014) was derived 
from the registered Tumour Nodal Metastasis (TNM) staging system23. 
Dedicated registration clerks from the NCR reviewed all medical files of eligible patients to 
extract additional clinical data for this study. We collected all available CA125 values from 
date of diagnosis until the first CA125 value after the last treatment date. Furthermore, 
additional information about treatment protocol (details of chemotherapy and surgery), 
patient characteristics (i.e. Charlson Comorbidity Index and volume of ascites) and follow-
up (disease progression) were collected24. 

Definitions

Patients were eligible for analysis if CA125 values were recorded pre- and postoperatively, 
and if postoperative CA125 was determined before the initiation of adjuvant chemotherapy. 
If more than one preoperative value was documented (n=260), the value closest to the date 
of cytoreductive surgery was used. For patients with more than one postoperative value 
before the initiation of adjuvant chemotherapy (n=137), the lowest value was chosen as 
this probably reflects the effect of surgery best. Patients with normal preoperative CA125 
values (<35U/mL) were excluded (S1). 
In order to compare our results to previous studies, CA125 decline was categorised within 
the same groups; <50% decline, 50-79% decline and ≥80% decline. Patients with an 
increase in CA125 levels were, however, analysed as a separate group in our study as it was 
expected that these patients may have a worse prognosis.
The outcome of cytoreductive surgery was defined as complete (no macroscopic residual 
disease), optimal (largest tumour nodule ≤1cm in maximal diameter) or suboptimal (largest 
tumour nodule >1cm in maximal diameter). Patients with an unknown amount of residual 
disease were excluded (S1).
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Statistical analyses

Categorical variables were expressed as percentages, and chi-square tests were used to 
identify differences between groups. Continuous variables were expressed as the mean 
with a standard deviation if they were normally distributed, or as geometric mean with 
a confidence interval if skewed. Absolute CA125 levels showed a positively skewed 
distribution and were therefore loge-transformed for further analyses in this study. Uni- 
and multivariable linear regression analyses were used to compare perioperative change in 
CA125 levels by the outcome of cytoreductive surgery. 
Progression-free survival (PFS) was defined as the time between date of diagnosis and 
progression or death, whichever occurred first. Progression was defined as clinical signs of 
tumour growth, i.e. increase in CA125 and/or visible lesions on imaging techniques (either 
regrowth of pre-existing lesions or new lesions), combined with the clinical judgment of the 
treating physician (medical oncologist or gynaecologist). Patients who were alive without 
record of progressive disease were censored at the date of their last hospital visit. OS was 
defined as the time between date of diagnosis and death or last follow-up for patients who 
were alive (01.02.2018). PFS and OS were analysed using Kaplan-Meier survival curves and 
multivariable cox regression models. A P-value<0.05 was considered statistically significant 
and statistical analyses were performed using STATA/SE (version 14.1; STATA CORP., College 
Station, Texas, USA). 

RESULTS

We identified 2,113 eligible advanced stage EOC patients who underwent primary 
cytoreductive surgery of whom 881 patients were excluded (S1). Patients who were 
excluded were slightly older, more often had non-serous types of tumours and less often 
had an optimal debulking. The FIGO stage distribution was comparable between in- and 
excluded patients (S2). A total of 1,232 patients was included for analyses and baseline 
characteristics, stratified by the perioperative CA125 change, are listed in the supplementary 
material (S3). As can be appreciated from table S3, patients that had a decrease of >80% 
were slightly younger, and were less often diagnosed in FIGO stage IV. The median time 
between the last preoperative CA125 value and cytoreductive surgery was 22 days (IQR 
14-33), and the median time between cytoreductive surgery and the postoperative CA125 
value was also 22 days (IQR 16-29). 
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Perioperative change in CA125 levels 

The preoperative CA125 values for patients with no macroscopic residual disease after 
cytoreductive surgery were significantly lower compared to patients with ≤1cm residual 
disease (P=0.001) or >1cm residual disease (P=0.003, table 1)). The preoperative CA125 
values did not differ significantly between an optimal or suboptimal result during 
cytoreductive surgery (P=0.566, figure 1). 
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Figure 1: Perioperative CA125 decline stratified by the outcome of surgery

Moreover, after adjustment for age, FIGO stage, the amount of ascites and the time between 
CA125 measurement and surgery, preoperative CA125 levels did not differ between any of 
the groups (P=0.520, table 1). 
The postoperative CA125 levels were significantly lower after complete cytoreductive 
surgery compared to patients with macroscopic residual disease, also after adjustment for 
the listed variables above (figure 1, table 1). In addition, postoperative CA125 levels after 
an optimal cytoreduction were also significantly lower when compared to patients with >1 
cm of residual disease. 

The absolute decline in CA125 was not associated with the outcome of cytoreductive 
surgery (table 2). The relative CA125 decline, however, differed significantly between 
patients with complete, optimal and incomplete cytoreductive surgery (P<0.001). Patients 
with no residual disease experienced more often a decrease ≥80% compared to patients 
with any macroscopic residual disease (figure 2).
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Table 1: Association between CA125 levels and the outcome of surgery

CA125 level 
(U/mL)

CA125 level
(U/mL) Model I Model II 

Geometric mean 
(95%CI)

Loge mean 
(SD) β-coefficient p-valuea β-coefficient p-valueb

Preoperative	CA125

 Suboptimal 540 (443-656) 6.29 (1.25) Reference Reference

 Optimal 504 (447-568) 6.11 (1.31) -0.07 
(-0.30, 0.17)

0.566 0.01 
(-0.22, 0.24)

0.960

 Complete 380 (342-422) 5.94 (1.32) -0.35 
(-0.58, -0.12)

0.003 -0.06 
(-0.29, 0.18)

0.645

Linear trend <0.001 Linear trend 0.520

Postoperative	CA125

 Suboptimal 232 (186-288) 5.45 (1.40) Reference Reference

 Optimal 148 (132-166) 5.00 (1.26) -0.45 
(-0.67, -0.23)

<0.001 -0.31 
(-0.51, -0.11)

0.002

 Complete 76 (70-83) 4.34 (1.11) -1.11 
(-1.32, -0.90)

<0.001 -0.68 
(-0.88, -0.47)

<0.001

Linear trend <0.001 Linear trend <0.001

Decline	(absolute)

 Suboptimal 293 (225-383) 5.68 (1.54) Reference Reference

 Optimal 340 (291-397) 5.83 (1.60)
0.15 
(-0.17, 0.46) 0.363

0.21 
(-0.10, 0.52)

0.186

 Complete 299 (261-342) 5.70 (1.60)
0.02
(-0.29, 0.32) 0.912

0.29 
(-0.03, 0.61)

0.074

Linear trend 0.639 Linear trend 0.092
a Model I: crude regression model b Model II: regression model with adjustment for age, FIGO stage, the amount 
of ascites and the time between CA125 and surgery (preoperative CA125 ) or surgery and CA125 (postoperative 
CA125)

Prognostic effect of perioperative CA125 change

The relative CA125 decline is a prognostic factor for OS (P<0.001, figure 3). Patients with a 
decline of ≥80% in CA125 levels experienced improved crude OS compared to patients with 
a decline of 50-79% (Hazard Rate (HR) 0.55, 95%CI 0.45-0.67) and to patients with a decline 
of <50% (HR 0.45(0.36-0.57)), also when adjusted for patient- and tumour characteristics 
including the amount of residual disease and the histological subtype (adjusted HR’s in 
table 2). In addition, patients with an increase in perioperative CA125 experienced worse 
OS compared to patients with a decline of <50% (HR 1.49(1.15-1.93)). The prognosis of 
patients with a decline of 50-79% was comparable to those with a decline of <50% (HR 
0.94(0.76-1.17)). These effects were also observed for PFS (table 2). 
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Figure 2: Categorised perioperative CA125 change stratified by the outcome of surgery

Survival analyses stratified by the outcome of surgery

In stratified analyses based on the outcome of surgery, the same patterns were observed. 
For example, when only patients with a complete cytoreduction were selected, the 
perioperative CA125 decline was still a prognostic factor for OS (S5). Again, the same 
patterns were observed for progression-free survival (table 2).

Table 2: Multivariable Cox regression models for overall- and progression-free survival

All	patients	
(HR, 95% CI)a

Complete	debulking	
(HR, 95% CI)b

Optimal	debulking
 (HR, 95%CI)	b

Suboptimal	debulking
 (HR, 95% CI)	b

Overall survival

   Increase 1.49 (1.15-1.93) 1.85 (1.18-2.89) 1.38 (0.90-2.11) 1.00 (0.56-1.80)

   <50% decrease Reference Reference Reference Reference

   50-79% decrease 0.94 (0.76-1.17) 0.79 (0.52-1.21) 1.03 (0.74-1.42) 1.10 (0.67-1.78)

   ≥80% decrease 0.52 (0.41-0.66) 0.49 (0.32-0.73) 0.55 (0.38-0.80) 0.44 (0.24-0.78)

Progression-free survival

   Increase 1.24 (1.00-1.57) 1.71 (1.16-2.52) 1.02 (0.70-1.50) 0.97 (0.57-1.68)

   <50% decrease Reference Reference Reference Reference

   50-79% decrease 0.87 (0.72-1.06) 0.83 (0.59-1.18) 0.92 (0.69-1.22) 1.11 (0.68-1.81)

   ≥80% decrease 0.58 (0.47-0.71) 0.59 (0.42-0.83) 0.63 (0.46-0.86) 0.39 (0.22-0.67)

a Adjusted for age, FIGO stage, histological subtype, differentiation grade, outcome of surgery, amount of 
ascites (<500mL or ≥500mL), and chemotherapy alterations b Adjusted for age, FIGO stage, histological subtype, 
differentiation grade, amount of ascites (<500mL or ≥500mL), and chemotherapy alterations 
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Sensitivity analyses

Patients with a preoperative CA125 level between 35-160U/mL (lowest 25% of our studied 
population), were less likely to experience a decline of ≥80% compared to those with 
higher baseline CA125 levels (P<0.001). Therefore, we performed a sensitivity analysis in 
which we included the baseline CA125 level in our multivariable analyses. Trends in survival 
did not differ from our previous multivariable model (HR≥80%-CA125decline 0.50(0.39-0.64), HR50-

79%-CA125decline 0.92 (0.74-1.15) and HRCA125increase 1.52(1.17-1.98) compared to a CA125 decline 
of <50%). 

DISCUSSION

In this population-based study, we observed that the relative perioperative change in 
serum CA125 is an independent prognostic factor for prolonged OS in advanced ovarian 
cancer. This prognostic effect was therefore also observed in patients with the same 
amount of residual disease, suggesting the need for a complementary model to predict 
clinical outcome more accurately in advanced ovarian cancer patients. 
Both perioperative change in CA125 and the outcome of cytoreductive surgery were 
independent prognostic factors, so the association between the two factors needs to be 
addressed. Patients who underwent an optimal or suboptimal cytoreductive surgery had 
similar CA125 levels in the preoperative setting, while preoperative CA125 levels were 
significantly lower in the group of patients without macroscopic residual disease after 
surgery. However, after adjustment for FIGO stage and the presence of ascites, the height 
of the preoperative CA125 was similar in all groups despite differences in residual disease. 
These results suggest that FIGO stage and the presence of ascites are closely correlated 
to the serum level of CA125 preoperatively. CA125 is expressed on the ovarian tumour 
cell surface, and biological functions include, among others, the mesothelial cell adhesive 
interaction on peritoneal surfaces and modulation of tumour cell growth25-30. So, CA125 
might play a role in the initial adhesion and subsequent implantation on the peritoneum, 
which enforces findings that the height of CA125 is associated with the tumour burden25,26. 
As the perioperative change in CA125 is closely associated with the outcome of cytoreductive 
surgery, it is not surprising that this decline is a prognostic factor for both PFS and OS16-18. 
But, even after adjustment for residual disease, the perioperative CA125 change remains 
an independent prognostic factor. A previous Dutch study showed that the perioperative 
CA125 change was a stronger predictor than postoperative residual disease16. In contrast, 
in the present study we found that both factors are important to establish the prognosis 
of patients. The discrepancy between the two studies is most likely caused by the larger 
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cohort of this study. Moreover, it underlies the prognostic value of CA125 besides the 
outcome of residual disease. 
Multiple studies confirmed that residual disease after surgery is the most important 
prognostic factor for prolonged OS8,10. The current method for determining residual disease 
after surgery relies on clinical intraoperative assessment. Several studies investigated the 
correlation between the surgeons’ operative assessment and the amount of residual 
disease identified on postoperative computed tomography scans. These studies showed 
only a 46-60% correlation between the two different methods, with a higher probability 
in underestimating the amount of residual disease than overestimating it12,31,32. Moreover, 
tumour measurements in individual patients by different surgeons are highly variable11. 
However, while searching for better prognostic factors to predict clinical outcomes in 
ovarian cancer, no factor seems to be more valuable than the amount of residual disease 
after surgery. We suggest designing a complementary model, which combines the outcome 
of surgery assessed by the surgeon and the perioperative CA125 change to make a more 
reliable prediction for both OS and PFS.
What pleads for such a combined prognostic model is the additional prognostic information 
of relative CA125 change besides the outcome of surgery. This could be explained by the 
abovementioned variability in the assessment of tumour residue by gynaecologists. But 
also by heterogeneity within the groups of patients with a certain amount of residual 
disease. The optimal group, for example, is defined by ≤1 cm of residual disease in 
maximum diameter, and therefore contains patients with only one tumour spot but also 
patients with hundreds of these spots as is the case in some patients with peritoneal 
carcinomatosis. Moreover, the outcome of surgery does not incorporate the initial disease 
burden, while this influences clinical outcome14,15. When using a combined model, a more 
specific prognosis could be made based on the outcome of surgery and CA125 levels.
Besides the perioperative decline, some patients experienced a postoperative increase 
in CA125 levels. The size of the present cohort enabled us to analyse this patient group 
separately, while most studies included these patients in their lowest group. Patients with 
an increase in CA125 experienced worse OS and PFS, especially those who had no residual 
disease after cytoreductive surgery. In studies on the physiological behaviour of CA125, it 
was shown that CA125 increases within the first two weeks after surgery, which is possibly 
caused by the surgery induced peritoneal damage33,34. Hereafter, it is expected to drop 
again. In our study, we found that the mean time between surgery and the postoperative 
CA125, was shorter in the group with a postoperative increased CA125 compared to those 
with a decline (21 versus 28 days, P=0.005).  Even though time may explain the increase, 
it cannot explain the worse OS of these patients. Moreover, we found that patients with 
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a postoperative increase had a lower CA125 at diagnosis. This could not be explained by 
differences in FIGO stage, tumour grade or histologic subtype, but we found that patients 
with an increase in CA125 were less often diagnosed with a large amount of ascites 
(≥500mL). However, the presence of ascites is an unfavourable prognostic factor35,36. 
Therefore, it remains unclear why these patients experience worse OS. Nevertheless, the 
abovementioned results seem to confirm the added value of the perioperative change in 
CA125 as prognostic factor. 
The present study has several limitations, of which its retrospective nature is the most 
important. Therefore, a substantial number of patients was excluded from analyses due 
to missing CA125 values. Another limitation may be the inclusion of different histological 
subtypes of EOC, such as endometrioid and clear-cell EOC. As known from earlier studies, 
CA125 is most highly expressed in serous ovarian cancers, and predominantly in high grade 
serous ovarian cancer37-39. This may raise the question if our results are applicable to other 
histologic subtypes. We observed, however, the same prognostic effects in these tumour 
types as well (data not shown). In addition, serum CA125 levels were measured on different 
moments after surgery. We adjusted for the time between surgery and CA125 levels in our 
multivariable models, however this may have influenced the rate of postoperative decline. 
Moreover, the prognostic effect was based on chosen thresholds based on earlier studies, 
this threshold could potentially be optimized.  And finally, the amount of residual disease 
is judged by several gynaecologists, which could have led to suboptimal interpretation of 
actual residual disease and may biased our results. 
In conclusion, this study confirmed that the perioperative CA125 change is a prognostic 
factor for improved clinical outcomes in EOC patients. Newly found are the prognostic 
differences between the CA125 groups in patients with the same outcome of cytoreductive 
surgery. This pleads for the use of a combined model, consisting of perioperative CA125 
change and the outcome of residual disease, in order to predict the prognosis of EOC 
patients more accurately. 
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SUPPLEMENTARY MATERIAL

Exclusion (n=881)
- Unknown outcome of surgery (n=24)

- CA125 at diagnosis <35 (n=104)
- Missing preoperative CA125 value (n=203)
- Missing postoperative CA125 value (n=550)

Eligible population (n=2,113)
- Epithelial ovarian cancer

- FIGO IIB or higher
- Primary debulking surgery (2008-2015)

Included patients
(n=1,232)

Excluded patients 
(n=881)

S1: In- and exclusion criteria
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S2: Baseline characteristics of in- and excluded patients 

Patients	included	
(n, %)

Patients	excluded	
(n, %) p-value

Age 0.023†

   <65 652 (52.9) 422 (47.9)

   ≥65 580 (47.1) 459 (52.1)

   Mean (SD) 62.9 (11.4) 64 (11.9) 0.039‡

FIGO stage 0.276†

   IIB 231 (18.8) 187 (21.2)

   IIC 68 (5.5) 60 (6.8)

   IIIA 36 (2.9) 30 (3.4)

   IIIB 154 (12.5) 96 (10.9)

   IIIC 578 (46.9) 406 (46.1)

   IV 128 (10.4) 72 (8.2)

   Unknown 37 (3.0) 30 (3.4)

Type of tumour <0.001†

   Serous 935 (75.9) 592 (67.2)

   Mucinous 38 (3.1) 64 (7.3)

   Endometrioid 108 (8.8) 98 (11.1)

   Clear-cell 77 (6.2) 66 (7.5)

   Adenocarcinoma NOSa 48 (3.9) 37 (4.2)

   Other 26 (2.1) 24 (2.7)

Grade 0.002†

   I 98 (7.9) 88 (10.0)

   II 212 (17.2) 125 (14.2)

   III 734 (59.6) 488 (55.4)

   Unknown 188 (15.3) 180 (20.4)

Outcome of surgery <0.001†

   Complete 611 (49.6) 432 (49.0)

   Optimal 461 (37.4) 242 (27.4)

   Suboptimal 160 (13.0) 139 (15.9)

   Unknown 0 (0.0) 68 (7.7)

Total 1232 (58.3) 881 (41.7)  

 a Adenocarcinoma not otherwise specified † Chi-square test ‡ ANOVA test
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S3: Baseline characteristics of included patients stratified by the perioperative change in CA125

Increase 
in CA-125

(n, %)

<50% 
decrease 
in CA125

(n, %)

50-79% 
decrease 
in CA125

(n, %)

≥80%	
decrease
 in CA125

(n, %) p-value

Age 0.050†

   <65 64 (44.1) 119 (50.0) 205 (53.7) 264 (56.5)

   ≥65 81 (55.9) 119 (50.0) 177 (46.3) 203 (43.5)

   Mean (SD) 64.5 (11.1) 63.7 (12.3) 63.1 (10.8) 61.9 (11.6) 0.049‡

FIGO stage <0.001†

   IIB/IIC 16 (11.0) 33 (13.9) 71 (18.6) 111 (23.8)

   IIIA1 13 (9.0) 9 (3.8) 14 (3.7) 32 (6.8)

   IIIA2 4 (2.8) 4 (1.7) 12 (3.1) 16 (3.4)

   IIIB 15 (10.4) 24 (10.1) 48 (12.6) 67 (14.3)

   IIIC 74 (51.0) 117 (49.1) 178 (46.6) 209 (44.8)

   IV 15 (10.3) 41 (17.2) 47 (12.3) 25 (5.4)

   Unknown 8 (5.5) 10 (4.2) 12 (3.1) 7 (1.5)

Type of tumour 0.157†

   Serous 110 (75.9) 186 (78.2) 295 (77.2) 344 (73.7)

   Mucinous 7 (4.8) 7 (2.9) 10 (2.6) 14 (3.0)

   Endometrioid 7 (4.8) 17 (7.1) 28 (7.3) 56 (12.0)

   Clear-cell 11 (7.6) 17 (7.1) 29 (7.6) 20 (4.3)

   Adenocarcinoma NOSa 6 (4.1) 8 (3.4) 11 (2.9) 23 (4.9)

   Other 4 (2.8) 3 (1.3) 9 (2.4) 10 (2.1)

Grade 0.071†

   I 11 (7.6) 18 (7.6) 23 (6.0) 46 (9.9)

   II 17 (11.7) 45 (18.9) 71 (18.6) 79 (16.9)

   III 85 (58.6) 138 (58.0) 225 (58.9) 286 (61.2)

   Unknown 32 (22.1) 37 (15.5) 63 (16.5) 56 (12.0)

Ascites 0.019†

   <500mL 117 (80.7) 159 (66.8) 264 (69.1) 317 (67.9)

   ≥500mL 28 (19.3) 79 (33.2) 118 (30.9) 150 (32.1)

Chemotherapy	alterations 0.239†

   Yes 93 (64.1) 139 (58.4) 236 (61.8) 296 (63.4)

   No 42 (29.0) 90 (37.8) 127 (33.2) 141 (30.2)

   No chemotherapy 10 (6.9) 9 (3.8) 19 (5.0) 30 (6.4)

Total 145 (11.8) 238 (19.3) 382 (31.0) 467 (37.9)  
a Adenocarcinoma not otherwise specified † Chi-square test ‡ ANOVA test
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ABSTRACT

Objective
Treatment for advanced epithelial ovarian cancer (EOC) consists of debulking surgery 
and (neo)adjuvant platinum-based chemotherapy. The aim of this study was to evaluate 
whether the time from surgery to adjuvant chemotherapy (TTC) was associated with 
clinical outcome.

Methods
We identified all Dutch patients who received optimal or complete debulking surgery 
for primary EOC (FIGO IIB-IV) between 2008 and 2015 from the Netherlands Cancer 
Registry. TTC was divided into three groups based on the interquartile range (IQR). Early 
(<25%) and prolonged (>75%) TTC were compared to intermediate TTC (25-75%). Logistic 
regression was used to identify factors associated with a prolonged TTC and multivariable 
Cox regression to evaluate the independent effect of treatment interval on overall survival 
(OS). Patients receiving primary debulking surgery (PDS) and patients receiving interval 
debulking surgery (IDS) were analysed separately. 

Results
4,097 patients were included, 1,612 underwent PDS and 2,485 IDS. Median TTC was 29 
days (IQR 24-37). Age ≥65, complete debulking surgery, postoperative complications, and 
hospitalisation ≥10 days were independently associated with a longer TTC for both PDS 
and IDS. TTC in the longest quartile was associated with poor OS after both PDS (Hazard 
rate (HR) 1.43, 95%CI 1.09-1.88) and NACT-IDS (HR 1.22(1.02-1.47)) when compared to the 
intermediate TTC, but only in patients with no macroscopic residual disease after surgery. 

Conclusions
Our study provides evidence that delayed initiation of adjuvant chemotherapy is an 
independent prognostic factor for worse overall survival after complete (interval)debulking 
surgery. We advise to start adjuvant chemotherapy within five to six weeks after debulking 
surgery. 
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INTRODUCTION

Treatment for advanced ovarian cancer consists of debulking surgery and (neo)adjuvant 
platinum based chemotherapy1. The goal of debulking surgery is to leave no residual 
disease2. When the likelihood of gross residual disease after primary debulking surgery (PDS) 
is high, neoadjuvant chemotherapy (NACT) can reduce tumour load and is an alternative 
treatment approach to reach complete debulking surgery1,3,4. Regardless of treatment 
approach, adjuvant chemotherapy is a prerequisite to improve clinical outcomes. 
Despite the generally accepted use of adjuvant chemotherapy, there is no guideline on 
the optimal interval between debulking surgery and the start of adjuvant chemotherapy. 
It is assumed that commencement of adjuvant chemotherapy should be initiated as soon 
as possible, as this may prevent early tumour growth within the before mentioned time 
interval5-7. Studies in breast and colorectal cancer indeed suggested that delayed initiation 
of adjuvant chemotherapy impairs overall survival5,8-11. Studies in ovarian cancer, however, 
report conflicting results5,12. Some studies failed to show an association between the ‘Time 
To start adjuvant Chemotherapy’ (TTC) and overall survival6,13-19, while others indicated that 
delayed TTC adversely influenced clinical outcomes5,7,20-23. To our knowledge, the effect of a 
prolonged TTC was not previously studied after interval debulking surgery (IDS) in ovarian 
cancer, although this treatment sequence is increasingly applied.
Various patient-, tumour-, and surgery-related characteristics may cause a delay in adjuvant 
chemotherapy administration, such as comorbidity and the extent of surgery23,24. Analyses 
of the interplay between these factors, preferably using unbiased population-based studies, 
may provide insight into possible modifiable characteristics and can help to minimise the 
time interval between surgery and adjuvant chemotherapy.  
The aim of this study was to identify factors that are associated with prolonged TTC and 
whether the timing of adjuvant chemotherapy is independently associated with clinical 
outcomes in patients treated with either PDS or NACT-IDS.

METHODS

All consecutive patients who were diagnosed with epithelial ovarian cancer (EOC), including 
primary peritoneal and fallopian tube carcinoma (International Classification of Diseases 
for Oncology (ICD-O) C48.2, C56.9 and C57.0), between 01.01.2008 and 31.12.2015 were 
identified from the Netherlands Cancer Registry (NCR)25. The NCR is a population-based 
cancer registry with coverage of all newly diagnosed malignancies in the Netherlands. 
Information on vital status and date of death are obtained by yearly linkage of the NCR with 
the municipal demography registries. For the purpose of this study, dedicated registration 
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clerks collected additional medical information from medical files, including the Charlson 
Comorbidity Index (CCI)26, treatment details (surgery and chemotherapy) and the date of 
disease recurrence. 

Study population

Patients were eligible for inclusion if they were diagnosed with advanced stage disease, 
underwent debulking surgery and received at least one course of adjuvant chemotherapy. 
Patients were excluded if they underwent more than one debulking surgery, had an 
unknown time interval between surgery and chemotherapy or had >1 cm of residual 
disease after debulking surgery (figure 1).

Definitions of clinical outcomes

Advanced stage disease was defined by Fédération Internationale de Gynécologie et 
d’Obstétrique (FIGO) stage IIB or higher. FIGO stage (2014) was derived from the Tumour-
Node-Metastasis (TNM) staging system and based on postoperative findings. In case 
patients underwent NACT-IDS clinical TNM stage was used27.
The TTC was defined as the period between debulking surgery and the start of subsequent 
chemotherapy. In case patients underwent IDS, the treatment-free interval between 
NACT and IDS was also determined for adjustment in multivariable analysis. Six cycles of 
carboplatin plus paclitaxel was considered regular care. Actual chemotherapy regimen was 
recorded for each patient including dose modifications and delays, all survival models were 
adjusted for these chemotherapy alterations.
Outcome of debulking surgery was defined as complete in case of no macroscopic residual 
disease and as optimal if the largest diameter of residual disease was ≤1 cm. Debulking 
surgery was defined as extended if one of the following procedures was executed during 
surgery; (retroperitoneal) lymphadenectomy, bowel resection, peritoneum stripping 
(including diaphragm), splenectomy, pancreatectomy, liver resections and/or bladder 
resections, or if the duration of the operation was longer than 240 minutes. 
Postoperative complications were recorded if they occurred within 30 days after debulking 
surgery and included infectious complications, surgical site complications, thromboembolic 
events, reoperations, bowel complications (anastomotic leakage or abscess) and functional 
complications (such as urinary retention or ileus). Postoperative recovery was regarded as 
complicated if any complications occurred or if patients were admitted to the intensive 
care unit (in case of more than 1 day). Furthermore, readmissions were recorded if they 
occurred within thirty days postoperative and were added to the total admission time. 
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Statistical analyses

The TTC was summarised and categorised in three groups based on the inter quartile range 
(IQR); lowest 25% (<23 days), 25-75% (24-37 days) and highest 75% (>37 days). Baseline 
characteristics of these groups were compared using Chi-square tests for categorical 
variables and ANOVA or Mann-Whitney-U tests for continuous variables. Associations with 
prolonged TTC (time>75% quartile, i.e. >37 days) were explored with uni- and multivariable 
logistic regression models.
Overall survival (OS) was defined as the interval between date of first treatment (surgery 
for PDS patients and chemotherapy for NACT-IDS patients) and death or between date of 
first treatment and last follow-up for patients who were alive at data cut-off (1 February 
2017). Progression-free survival (PFS) was defined as the date of first treatment until 
progression or death, whichever occurred first. Progression was defined as clinical signs of 
tumour growth, i.e. increase in CA125 and/or visible lesions on imaging techniques (either 
regrowth of pre-existing lesions or new lesions), combined with the clinical judgment of the 
treating physician (medical oncologist or gynaecologist). In case patients were still alive and 
had no progressive disease, patients were censored at the date of their last hospital visit. 
PFS and OS were analysed by Kaplan-Meier survival curves and multivariable Cox regression 
models. All statistical analyses were performed using STATA/SE (version 14.1; STATA CORP., 
College Station, Texas, USA) and a p-value<0.05 was considered statistically significant. 

RESULTS

We identified 4,097 eligible patients from the NCR who were diagnosed between 2008 
and 2015. Of them 1,612 (39.3%) underwent PDS and 2,485 (60.7%) underwent NACT-IDS 
(figure 1). The median time between surgery and the start of adjuvant chemotherapy was 
29 days (IQR 24-37), and slightly differed between patients undergoing PDS (31 days (IQR 
26-40) and NACT-IDS (28 days (IQR 23-36)). Both treatment sequences were evaluated 
separately and baseline characteristics of both groups are listed in the supplementary 
material (S1, S2).
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Figure 1: Overall survival for patients with no residual disease after surgery stratified by treatment 
sequence

Associations with prolonged TTC

Age (≥65 years), postoperative complications, prolonged hospitalisation and complete 
debulking surgery were independently associated with delayed initiation of adjuvant 
chemotherapy after both PDS and NACT-IDS in a multivariable logistic regression model 
(table 1). In addition, a CCI of 1-2 was also predictive of a delay in chemotherapy when 
compared to a CCI of 0, but a score of 3 or higher was not an independent prognostic 
factor. In univariable analysis, extensive surgery was associated with prolonged TTC, both in 
patients receiving PDS (odds ratio (OR) 1.27, 95%CI 1.02-1.58) and patients receiving NACT-
IDS (OR 1.84(1.51-2.24)). In multivariable analyses, however, extensive surgery was only 
associated with a prolonged TTC in patients who underwent NACT-IDS (table 1). FIGO stage 
and the presence of ascites were not associated with a delay in chemotherapy (table 1). 

Influence of TTC on prognosis in patients who underwent PDS

For patients treated with PDS, crude median OS did not differ significantly between TTC 
intervals (TTC<24: 67.6 months, TTC24-37: 66.5 months, TTC>37: 60.9 months, P=0.173). When 
adjusted for patient- and tumour characteristics, including postoperative complications and 
chemotherapy alterations, there was no association between delayed chemotherapy and 
overall survival in patients with macroscopic residual disease after surgery (Hazard Rate 
(HR >37: 0.89(0.68-1.16) vs 24-37 days, table 2). However, patients with no residual disease 
after debulking surgery and a prolonged TTC experienced worse OS (HR>37: 1.43(1.09-1.88) 
vs 24-37 days, figure 2). In addition, patients with TTC<24 days had comparable survival 
with TTC of 24-37 days in both models (table 2). These trends in OS were comparable in a 
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sensitivity analysis, where we used the specific TTC interval for PDS (i.e. <26 days vs. 26-
40 days vs. >40 days) instead of the TTC intervals of the whole study population (data not 
shown). Moreover, progression-free survival did not differ between TTC intervals (data not 
shown).

Table 1: Multivariable logistic regression to determine prognostic factors for prolonged TTC (>37 
days) stratified by treatment sequence

PDS (OR, 95% CI) † NACT-IDS (OR, 95% CI) †

Age

   <65 years Reference Reference

   ≥65 years 1.35 (1.07-1.69) 1.74 (1.40-2.17)

FIGO stage

   FIGO II 1.08 (0.81-1.45) 0.88 (0.28-2.75)

   FIGO III Reference Reference

   FIGO IV 1.17 (0.77-1.77) 0.86 (0.69-1.09)

Charlson	Comorbidity	Index

   0 Reference Reference

   1-2 1.28 (1.00-1.67) 1.29 (1.02-1.62)

   ≥3 1.45 (0.68-3.09) 1.51 (0.83-2.72)

Ascites

   <500mL Reference Reference

   ≥500mL 0.89 (0.68-1.17) 0.97 (0.75-1.24)

Extensive surgery

   No Reference Reference

   Yes 1.18 (0.93-1.49) 1.39 (1.11-1.73)

Postoperative	complications

   No Reference Reference

   Yes 1.59 (1.24-2.04) 1.89 (1.50-2.38)

Hospitalisation

   <10 days Reference Reference

   ≥10 days 2.22 (1.70-2.90) 3.69 (2.92-4.66)

Outcome of surgery

   Optimal (≤1cm RD) Reference Reference

   Complete (no macroscopic RD) 1.40 (1.09-1.80) 1.30 (1.04-1.61)

RD: Residual disease † All OR’s are adjusted for the listed variables, FIGO unknown and CCI unknown were included 
in the model but not listed in this table
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Table 2: Influence of TTC interval on overall survival stratified by the amount of residual disease

Model I (HR, 95% CI) † Model II (HR, 95% CI) †

PDS
   <24 days 1.09 (0.78-1.54) 0.94 (0.72-1.23)
   24-37 days Reference Reference
   >37 days 1.43 (1.09-1.88) 0.89 (0.68-1.16)

NACT-IDS
   <24 days 1.07 (0.89-1.28) 1.10 (0.93-1.31)
   24-37 days Reference Reference
   >37 days 1.22 (1.02-1.47) 1.10 (0.90-1.33)

† Adjusted for age, stage at diagnosis, histologic type, differentiation grade, performance score, postoperative 
complications, prolonged hospitalisation and chemotherapy alterations. For patients undergoing NACT-IDS, 
additional adjustment was made for the duration of the treatment free interval between NACT and IDS. 
Model I: only patients with no residual disease, Model II: only patients with macroscopic residual disease (≤1cm)

Exclusion
>1 cm residual disease (n=599)

Unknown amount of residual disease (n=92)
2 debulking surgeries (n=212)

Unknown TTC (n=102)

Included patients 
(n=4,097)

Eligible population (n=5,102)
- Epithelial ovarian cancer

- FIGO IIB or higher
- Treated with chemotherapy and debulking surgery

PDS
(n=1,612)

NACT-IDS
(n=2,485)

Figure 2: In- and exclusion criteria for the studied population

Influence of TTC on prognosis in patients who underwent NACT-IDS

In patients undergoing NACT-IDS, crude median OS differed significantly between TTC 
intervals (TTC<24: 33.8 months, TTC24-37: 37.1 months, TTC>37: 31.0 months, P=0.007). In 
a multivariable cox regression model, including adjustment for treatment free interval 
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between NACT and IDS, there was no association between delayed adjuvant chemotherapy 
and overall survival in patients with macroscopic residual disease after surgery (HR>37: 
1.10(0.90-1.33) vs 24-37 days). But similar to PDS patients, this was objectified in patients 
with no residual disease (HR>37: 1.22(1.02-1.47), figure 2). Again, trends in OS did not alter 
when the specific NACT-IDS TTC intervals were used and PFS did not differ between groups. 

DISCUSSION

In our large-scale population-based study we evaluated factors that are associated with 
delayed initiation of adjuvant chemotherapy and its influence on clinical outcomes in both 
patients undergoing PDS and NACT-IDS. In patients with no macroscopic residual disease 
after debulking surgery, delayed initiation of adjuvant chemotherapy was associated with 
impaired OS. However, we did not observe this effect in patients with macroscopic residual 
disease after surgery. Moreover, the observed associations with TTC and overall survival 
were not seen in progression-free survival.
In this study we gained insight into prognostic factors that are related to a prolonged 
TTC. As reported in earlier studies, prolonged hospitalisation and occurrence of 
postoperative complications were the strongest prognostic factors for delayed initiation 
of chemotherapy15,20. A complicated postoperative recovery often leads to prolonged 
hospitalisation due to additional medical interventions, and therefore may result in delayed 
chemotherapy administration23. Higher age and a higher CCI were also independent 
predictive factors for a delay in chemotherapy and this is confirmed in other studies24,28. 
Furthermore, patients with no residual disease were more prone to delayed initiation of 
chemotherapy, probably because they require more often extensive surgery29. This was most 
pronounced in NACT-IDS patients, who suffered significantly more often from postoperative 
complications after equal levels of extensive surgery compared to PDS patients (data not 
shown). In addition, the higher tendency of clinicians to start chemotherapy as soon as 
possible in patients with residual disease may also play a role5-7.
A substantial number of studies investigated the time interval between debulking surgery 
and chemotherapy. The results of these studies are difficult to compare since the median 
time between surgery and the commencement of adjuvant chemotherapy ranged from 17 
to 42 days in the listed studies. These differences illustrate the heterogeneity of studied 
populations and therefore may explain the inconsistent outcomes. In addition, TTC 
intervals were based on either IQR13-15, median TTC6,7,18,20, or various weeks16,17,19,21-23, which 
also contributes to the conflicting results. In our study, we chose for IQR and compared 
the outliers (lowest and highest IQR groups) with the intermediate group (mean IQR) as 
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we were interested if either early or late start influenced clinical outcomes. By using the 
median, or a number of weeks as a cut-off this association could not be studied. 
Several studies have indicated that the early start of chemotherapy might be associated 
with worse clinical outcomes. The studies of Flynn et al. and Rosa et al. demonstrated worse 
OS when patients started before 22 and 28 days respectively6,17. In both studies, however, 
patients with gross macroscopic residual disease were overrepresented in the early groups. 
Consequently, there was no effect on clinical outcomes when they adjusted their models 
for residual disease. By only including patients with ≤1 cm residual disease, this trend in 
overall survival was not seen in our study.  In addition, patients with an early initiation of 
chemotherapy neither experience a survival benefit compared to the intermediate group, 
indicating that earlier start of adjuvant chemotherapy does not contribute to improved 
clinical outcomes22.
We did find an independent association between delayed initiation of chemotherapy 
and impaired clinical outcomes. In patients treated with either PDS or NACT-IDS, the 
strongest influence was demonstrated in patients with no residual disease after debulking 
surgery. This is in concordance with earlier published studies7,22,23. A hypothesis for our 
findings might be that the prolonged interval after surgery attenuates the good prognosis 
of a complete debulking surgery, as it allows the tumour to regrow again. Even though 
macroscopic residual disease is absent in patients after a complete debulking, microscopic 
residual disease might be forced into accelerated proliferation and tumour regrowth due 
to the surgical intervention, as suggested by mouse models30,31. In addition, oophorectomy 
may induce tumour angiogenesis leading to rapid growth of (microscopic) residual tumour 
cells in ovarian cancer patients32. 
Our findings are in contrast with a study of Hofstetter et al., who demonstrated a negative 
effect of prolonged TTC on overall survival only in patients with residual disease after 
debulking surgery20. They suggested that larger tumour masses tend to be less perfused 
than smaller tumour masses, and are therefore less responsive to chemotherapy20. Still, by 
including patients with ≤1 cm of residual disease we cannot speak of ‘large tumour masses’ 
in our series. But it remains unclear why patients with an optimal debulking do not benefit 
from early initiation of chemotherapy. 
Patients are more prone to a delay in chemotherapy after very extensive surgery, which 
may raise the question whether we always should pursue complete debulking surgery if it 
is associated with a high probability to postoperative complications, and therefore delay 
in treatment continuation. Even though this is a valid argument, the prognosis of patients 
with no residual disease and a prolonged TTC is still superior to patients with macroscopic 
residual disease and an intermediate TTC (data not shown). So our results should not be 
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used to justify spending less effort in the operating room as a concern of prolonged TTC, 
which is confirmed in the study of Aletti15.
This study has a number of strengths. The population-based character enabled us to 
include all consecutive Dutch patients who underwent surgery and chemotherapy for 
advanced ovarian cancer in an era of platinum-based chemotherapy and the aim to no 
residual disease after surgery. Furthermore, we were able to adjust our clinical outcomes 
for chemotherapy alterations, extended surgery and postoperative complications. Both 
extended surgery and postoperative complications were associated with the time interval, 
and influenced our survival models, but did not undo the effect of chemotherapy delays. 
Finally, we also included patients who underwent interval debulking surgery, which actually 
is a more common alternative treatment approach in ovarian cancer patients. 
Besides these strengths, there are also some limitations. We had to exclude 102 patients 
from our analyses because time intervals were not known. We assumed that these missing 
time intervals were at random, and case-mix did not vary between the in- and excluded 
patients, but some bias cannot be excluded. In addition, we could not distinguish patients 
with an exploratory laparotomy from patients with a real effort to debulking surgery but a 
non-optimal outcome (>1 cm residual disease). Therefore, we excluded these patients and 
this limits the usability as these patients are also part of clinical daily practice. Furthermore, 
reasons for late start of adjuvant chemotherapy were not recorded. We adjusted our models 
for postoperative complications, comorbidity and prolonged hospitalisation, assuming to 
be the most common reasons for delaying adjuvant treatment. 
In conclusion, our study provides evidence that delayed initiation of adjuvant chemotherapy 
is an independent prognostic factor for worse overall survival after complete (interval)
debulking surgery. Consequently, we advise to start adjuvant chemotherapy within the first 
five to six weeks after debulking surgery.
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SUPPLEMENTARY MATERIAL
S1: Baseline characteristics of patients undergoing PDS stratified by TTC interval

<24 days (n, %) 24-37 days (n, %) >37 days (n, %) p-value

Age 0.001†

   <65 198 (61.9) 461 (56.2) 231 (48.9)

   ≥65 122 (38.1) 359 (43.8) 241 (51.1)

   Mean (SD) 60.1 (10.6) 61.6 (10.9) 64.3 (10.8) <0.001‡

FIGO stage 0.620†

   II 59 (18.5) 184 (22.5) 109 (23.1)

   III 225 (70.3) 555 (67.7) 309 (65.5)

   IV 26 (8.1) 61 (7.4) 43 (9.1)

   Unknown 10 (3.1) 20 (2.4) 11 (2.3)

Type of tumour 0.335†

   Serous 232 (72.5) 624 (76.1) 330 (69.9)

   Mucinous 13 (4.1) 32 (3.9) 23 (4.9)

   Endometrioid 41 (12.8) 66 (8.0) 57 (12.1)

   Clear-cell 20 (6.2) 54 (6.6) 36 (7.6)

   Adenocarcinoma NOSa 8 (2.5) 27 (3.3) 17 (3.6)

   Other 6 (1.9) 17 (2.1) 9 (1.9)

Differentiation	grade 0.758†

   I 30 (9.3) 68 (8.3) 51 (10.8)

   II 54 (16.9) 125 (15.2) 77 (16.3)

   III 182 (56.9) 487 (59.4) 271 (57.4)

   Unknown 54 (16.9) 140 (17.1) 73 (15.5)

Charlson	Comorbidity	Index 0.092†

   0 249 (77.8) 604 (73.7) 322 (68.2)

   1-2 61 (19.1) 181 (22.1) 123 (26.1)

   ≥3 6 (1.9) 14 (1.7) 12 (2.5)

   Unknown 4 (1.2) 21 (2.5) 15 (3.2)

Extensive surgery 0.036†

   No 180 (56.3) 424 (51.7) 222 (47.0)

   Yes 140 (43.7) 396 (48.3) 250 (53.0)

Postoperative	complications <0.001†

   No 262 (81.9) 585 (71.3) 278 (58.9)

   Yes 58 (18.1) 235 (28.7) 194 (41.1)

Hospitalisation <0.001†

   <10 days 262 (81.9) 669 (81.6) 301 (63.8)

   ≥10 days 57 (17.8) 149 (18.2) 167 (35.4)

   Unknown 1 (0.3) 2 (0.2) 4 (0.8)

   Median (IQR) 6 (5-8) 7 (5-8) 8 (6-12) <0.001‖

aAdenocarcinoma NOS: Adenocarcinoma not otherwise specified,  † Chi-square test, ‡ ANOVA test, ‖Mann-
Whitney-U test



122 | CHAPTER 6

S2: Baseline characteristics of patients undergoing NACT-IDS stratified by TTC interval

<24 days (n, %) 24-37 days (n, %) >37 days (n, %) p-value

Age <0.001†

   <65 352 (52.9) 589 (45.2) 184 (35.6)

   ≥65 313 (47.1) 714 (54.8) 333 (64.4)

   Mean (SD) 63.2 (9.8) 64.7 (10.2) 67 (9.7) <0.001‡

FIGO stage <0.001†

   II 4 (0.6) 19 (1.5) 4 (0.8)

   III 390 (58.6) 808 (62.0) 344 (66.5)

   IV 228 (34.3) 438 (33.6) 157 (30.4)

   Unknown 43 (6.5) 38 (2.9) 12 (2.3)

Type of tumour 0.002†

   Serous 554 (83.3) 1038 (79.7) 440 (85.1)

   Mucinous 9 (1.3) 10 (0.8) 5 (1.0)

   Endometrioid 8 (1.2) 35 (2.7) 8 (1.5)

   Clear-cell 17 (2.6) 22 (1.7) 4 (0.8)

   Adenocarcinoma NOSa 65 (9.8) 187 (14.3) 56 (10.8)

   Other 12 (1.8) 11 (0.8) 4 (0.8)

Differentiation	grade 0.871†

   I 14 (2.1) 22 (1.7) 13 (2.5)

   II 45 (6.8) 86 (6.6) 31 (6.0)

   III 305 (45.9) 601 (46.1) 227 (43.9)

   Unknown 301 (45.2) 594 (45.6) 246 (47.6)

Charlson	Comorbidity	Index 0.010†

   0 479 (72.0) 894 (68.6) 323 (62.5)

   1-2 163 (24.5) 347 (26.6) 162 (31.3)

   ≥3 9 (1.4) 38 (2.9) 20 (3.9)

   Unknown 14 (2.1) 24 (1.8) 12 (2.3)

Extensive surgery <0.001†

   No 441 (66.3) 801 (61.5) 256 (49.5)

   Yes 224 (33.7) 502 (38.5) 261 (50.5)

Postoperative	complications <0.001†

   No 533 (80.2) 950 (72.9) 267 (51.6)

   Yes 132 (19.8) 353 (27.1) 250 (48.4)

Hospitalisation <0.001†

   <10 days 612 (92.0) 1066 (81.8) 284 (54.9)

   ≥10 days 46 (6.9) 233 (17.9) 231 (44.7)

   Unknown 7 (1.1) 4 (0.3) 2 (0.4)

   Median (IQR) 6 (5-7) 7 (5-9) 9 (7-14) <0.001 ‖

aAdenocarcinoma NOS: Adenocarcinoma not otherwise specified, † Chi-square test, ‡ ANOVA test, ‖ Mann-
Whitney-U test
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ABSTRACT

Introduction
Ovarian cancer patients who are diagnosed with FIGO stage IV disease represent a highly 
heterogeneous group with possible survival differences. The FIGO staging system was 
therefore updated in 2014. The aim of our study was to evaluate the 2014 changes to FIGO 
stage IV ovarian cancer on overall survival (OS).

Methods
We identified all patients diagnosed with FIGO stage IV disease between 01.01.2008 and 
31.12.2015 from the Netherlands Cancer Registry. We analysed the prognostic effect of 
FIGO IVa versus IVb. In addition, patients with extra-abdominal lymph node involvement 
as only site of distant disease were analysed separately. OS was analysed by Kaplan-Meier 
curves and multivariable Cox regression models. 

Results
We identified 2,436 FIGO IV patients, of which 35% was diagnosed with FIGO IVa disease. 
Five-year OS of FIGO IVa and IVb patients (including those with no or limited therapy) was 
8.9% and 13.0% respectively (P=0.508). Patients with only extra-abdominal lymph node 
involvement had a significant better OS than all other FIGO IV patients (5-year OS 25.9%, 
Hazard Rate 0.77(0.62-0.95)). 

Conclusion
Our study shows that the FIGO IV sub-classification into FIGO IVa and IVB does not provide 
additional prognostic information. Patients with extra-abdominal lymph node metastases 
as only site of FIGO IV disease, however, have a better prognosis compared to all other 
FIGO IV patients. These results warrant a critical appraisal of the current FIGO IV sub-
classification.
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INTRODUCTION

The vast majority of epithelial ovarian cancer (EOC) patients is diagnosed with advanced stage 
disease, and about 12-33% have International Federation of Gynaecology and Obstetrics 
(FIGO) stage IV disease at initial presentation1,2. In the majority of these patients, stage IV 
disease is based on the presence of malignant pleural effusion (30-60%), parenchymal liver 
metastases (10-25%) or extra-abdominal lymph node metastases (5-40%)1,3-5. 
Following the recognition that patients with FIGO stage IV represent a highly heterogeneous 
group with possible survival differences, the FIGO staging system was updated in 2014. 
The new classification distinguishes between patients with malignant pleural effusion 
(FIGO IVa), and patients with either abdominal parenchymal invasion or extra-abdominal 
metastases (FIGO IVb)6,7. Multiple studies evaluated the prognostic value of the new sub-
classification, albeit with conflicting results1,8-15. Most studies reported similar survival 
results for FIGO IVa and IVb patients, while some studies found a prognostic favourable 
effect of extra-abdominal lymph node metastases as only site of distant disease1,8-10. Most 
of the analyses were, however, often hampered by limited patient numbers and missing 
clinical information. 
The mainstay of primary treatment of FIGO IV patients consists of debulking surgery in 
combination with (neo)adjuvant chemotherapy. Two landmark randomised clinical trials 
(RCTs) studied the timing of surgery in EOC patients, i.e. primary debulking surgery (PDS) 
versus interval debulking surgery (IDS), and found similar survival rates in both FIGO IIIc 
and IV patients16,17. However, it is clear that patients with no residual disease after surgery 
have the best prognosis. Therefore, the decision to schedule patients for either PDS or 
neoadjuvant chemotherapy (NACT) and IDS, is nowadays mainly based on the ability to 
achieve a maximal (intra-abdominal) cytoreduction with acceptable surgical morbidity. 
In case of extra-abdominal disease, it is suggested that NACT may indicate whether a 
complete cytoreduction could be achieved. In case of no response or progression during 
NACT, surgery might be omitted. 
The aim of our study was to evaluate the renewed FIGO sub-classification into stage IVa 
and IVb on clinical outcome in a large population-based cohort. In addition, we studied the 
effect of treatment in these groups to offer clinical guidance on the preferred treatment in 
FIGO IV patients.
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METHODS

We identified all consecutive patients who were diagnosed with EOC, including fallopian 
tube and primary peritoneal cancer (International Classification of Diseases for Oncology 
(ICD-O) C56.9, C57.0, C48.2), from the Netherlands Cancer Registry (NCR). The NCR is a 
nationwide cancer registry and covers all Dutch cancer patients since 1989. Thoroughly 
trained registration clerks routinely extracted information on patient and tumour 
characteristics (including the localisation of metastases), diagnostic procedures and 
treatment. Follow-up status is obtained by annual linkage with the municipal demography 
registries (GBA). The study design, data abstraction process and storage protocols were 
approved by the NCR review board. 

Study population

We included all FIGO IV patients who were diagnosed between 01.01.2008 and 31.12.2015, 
including patients with clinically suspicious metastases (but not histologically proven). 
Malignant pleural effusion was cytologically confirmed in 99% of patients, as this is required 
for FIGO stage IV disease in the Tumour-Node-Metastasis (TNM) system. FIGO stage 2009 
was derived from the TNM 7 staging system18, which means that inguinal lymph node 
metastases were not included within the FIGO IV group, as they were regarded as regional 
lymph nodes (N1) at that time. 

Definitions

Patients were categorised as FIGO IVa if they were diagnosed with malignant pleural 
effusion without other extra-abdominal or parenchymal spread, and as FIGO IVb in all 
other cases. In separate analysis, we divided patients according to the localisation of 
distant disease; 1) pleural malignant effusion, 2) parenchymal metastases (either intra-
abdominal or extra-abdominal), 3) extra-abdominal lymph node metastases or 4) other. 
Patients were categorised as ‘other’ if they were diagnosed with metastases in more than 
one of the before mentioned categories, e.g. malignant pleural effusion and parenchymal 
liver metastasis. 
The outcome of cytoreductive surgery (debulking) was defined as complete in case of no 
macroscopic abdominal residual disease, as optimal when the largest diameter was ≤1cm, 
and as suboptimal in case of residuals >1cm in maximal diameter.
For patients undergoing surgery and chemotherapy, additional medical information was 
collected. As a result, all present co-morbidities were registered in our database, and the 
Charlson-Comorbidity Index (CCI) was modelled based on these registered comorbidities, 
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which was categorised 0, 1, and ≥2 points19. Chemotherapeutic agents, the number of 
cycles and alterations to the chemotherapeutic scheme were registered. Our models were 
adjusted for chemotherapy modifications, where six cycles of carboplatin and paclitaxel 
without dose-reductions was considered regular care.

Statistical analyses

Overall survival (OS) was defined as the interval between the date of diagnosis and death, 
or last follow-up date for patients who were still alive (1 February 2018). Kaplan Meier 
survival curves, log-rank tests and, if applicable, uni- and multivariable cox regression 
models were used to analyse OS. The proportional hazards assumption was tested for all 
survival analyses. If the hazards were not constant over time, i.e. the proportional hazards 
assumption was violated, we used time-varying effects in our cox regression model to adjust 
our results for non-proportionality20. When comparing PDS and NACT-IDS, an additional 
matching criterion was used as a sensitivity analysis to overcome the introduction of 
immortal time bias21. Immortal time bias refers to a time interval in the follow-up period 
where the event of interest could not have occurred because of exposure definition, i.e. 
patients who underwent debulking surgery after NACT could not have died during NACT22. 
Our matching criterion implied that patients were excluded if they died or were lost to 
follow-up during the median time that NACT lasted in our population (103 days). Moreover, 
regular Kaplan-Meier curves were added to the supplementary material (S5). Statistical 
analyses were performed using STATA/SE, version 14.1 (Stata-Corp, College Station, Texas, 
USA) and a p-value <0.05 was considered statistically significant. 

RESULTS

Between 2008 and 2015, 1,884 out of 2,436 FIGO IV patients were treated with surgery 
and/or chemotherapy (77%), and the rate was stable over time (P=0.524, figure 1). Median 
age of patients was 69 years at diagnosis (interquartile range (IQR) 61-78). Most patients 
were diagnosed with malignant pleural effusion (35%) or parenchymal metastases (37%). 
Most parenchymal metastases were localised in the liver (56%), and other localisations 
were the gastro-intestinal tract (9%), and lungs (16%). A minority of patients had solely 
extra-abdominal lymph node involvement (12%). The most common sites for extra-
abdominal lymph node involvement were intrathoracic lymph nodes (38%) and lymph 
nodes of the head, face and neck (21%, such as supraclavicular lymph nodes) or multiple 
locations (15%). Other baseline characteristics are displayed in the supplementary material 
(S1). 
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Figure 1: Treatment of all FIGO IV EOC patients over time (n=2,436)

Clinical outcome of the renewed FIGO IV sub-classification

In our total population (i.e. including those with no or limited therapy), five-year OS was 
8.9% for FIGO IVa and 13.0% for FIGO IVb patients. We found no prognostic effect of the 
renewed sub-classification in our total population (Hazard Rate (HR) 1.03, 95%CI 0.94-1.13), 
P=0.508). Survival rates were higher in patients who were treated with the combination 
of debulking surgery and chemotherapy (five-year OS FIGO IVa: 14.6%, FIGO IVb: 23.6%,  
HRFIGO IVb 0.82(0.72-0.94), P=0.004). Moreover, when adjusted for age, CCI, histologic 
subtype, treatment sequence, chemotherapy alterations and the outcome of debulking 
surgery, FIGO IVb patients experienced better survival compared to FIGO IVa patients 
(adjusted HR 0.75(0.65-0.87)).

Clinical outcome stratified by the localisation of metastases

In our total population (i.e. including those with no or limited therapy), stratification by 
localisation of metastasis, revealed that patients with solely extra-abdominal lymph node 
metastases experienced higher OS when compared to the other groups of FIGO IV patients 
(five-year OS was 25.9% for lymph node metastases and 9.8% for other metastases, 
P<0.001, figure 2). In addition, this effect was also observed in our treated population 
(i.e. combination of chemotherapy and debulking surgery). In these patients, even after 
adjustment for age, CCI, histologic subtype, treatment sequence, chemotherapy alterations 
and the outcome of debulking surgery, the improved prognosis for patients with lymph 
node metastases remained statistically significant (adjusted HR 0.77(0.62-0.95) compared 
to all other metastases). Sensitivity analysis showed that there was no difference in OS 
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between histologically confirmed malignant lymph node involvement and those who were 
clinically suspicious (P=0.618). 
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Figure 2: Overall survival of all FIGO IV patients by localisation of their metastases (n=2,436)

Clinical outcomes stratified by therapy

The number of patients who were treated with PDS decreased over time from 27% in 2008-
2009 to 10% in 2014-2015 (P<0.001, S2). Simultaneously, the outcome of surgery improved 
in both groups (S3, S4). NACT-IDS was associated with a higher rate of complete or optimal 
surgeries when compared to PDS (adjusted OR 2.27(1.54-3.34)). 
The effect of treatment sequence (PDS or NACT-IDS) seems to conflict over time in FIGO IVa 
patients, where survival lines are crossing at 18 months (S5 panel A). In FIGO IVb patients, 
treatment sequence did not influence survival (adjusted HRNACT-IDS 0.97(0.76-1.24)). No 
difference in OS between the two treatment sequences was also observed in patients with 
extra-abdominal lymph node metastases only or other metastases (S5 panel C P=0.990, 
and D P=0.784 respectively). In patients with parenchymal metastases, however, NACT-IDS 
seems to improve OS (S5 panel B, HRNACT-IDS 0.75(0.59-0.98)). 
In the subsequent sensitivity analysis including a matching criterion to account for immortal 
time bias, 9/62 patients who died within three months after PDS were excluded. Of these 
nine patients, 4 died shortly after PDS, and 5 received at least one cycle of chemotherapy. 
The sensitivity analysis then showed a survival benefit for the remaining PDS patients 
with malignant pleural effusion compared to NACT-IDS (P=0.003, figure 3 panel A). 
After adjustment for age, CCI, histologic subtype, treatment sequence, chemotherapy 
alterations and the outcome of debulking surgery, this survival benefit remains significant  
(HRNACT-IDS 1.96(1.33-2.88)). In patients with parenchymal metastases, where 14 out of 102 
PDS patients were excluded, NACT-IDS is comparable to PDS (P=0.554).
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Figure 3: Sensitivity analysis for overall survival by the localisation of metastases, by using the 
matching criterion. Every panel contains overall survival with a follow-up of five years, the dark grey 
lines depict NACT-IDS patients and het light grey lines PDS patients. The P-values represent a Log-rank 
test. A) pleural malignant effusion, B) parenchymal metastases, C) extra-abdominal metastases, D) 
other metastases

DISCUSSION

Our population-based study showed that the renewed FIGO IV sub-classification did not 
provide additional prognostic information. However, patients with extra-abdominal lymph 
node metastases as only site of distant disease experienced a significantly higher OS than 
other groups of FIGO IV patients. In addition, we showed that PDS may be an alternative to 
NACT-IDS in selected FIGO IV patients with malignant pleural effusion as only site of distant 
disease.
Multiple studies investigated the additional distinction in FIGO IV patients. Most of 
them did not find any significant differences in OS, while others indicated that FIGO IVb 
patients, counterintuitively, might have a better prognosis8,11-15. In our study, we confirmed 
in a population-based setting, that there was no difference between FIGO IVa and FIGO 
IVb patients. In patients who were treated with the combination of chemotherapy and 
debulking surgery, however, FIGO IVb patients might experience improved OS. This is 
probably explained by the percentage of patients that does not undergo the combined 
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treatment, which differs significantly between FIGO IVa and FIGO IVb patients (40% vs. 59% 
respectively, P<0.001). As a minority of patients with FIGO IVb disease is treated with the 
advised treatment, this selection probably contributes to the differences between both 
analyses. 
Patients with FIGO stage IV based on only extra-abdominal lymph node metastases have the 
most favourable prognosis, and this particular finding is in accordance with other studies8-10. 
The beneficial effect on clinical outcome is in concordance with the renewed distinction in 
FIGO III patients. In the current FIGO staging classification, patients with regional lymph 
node metastases only are now classified as FIGO IIIa1 instead of FIGO IIIc. The latter 
adjustment to the FIGO staging system is proven to be more accurate for prognosis, while 
the revised FIGO IV stage does not provide any prognostic information7,9,23-25. A limitation 
of our current research is that patients with inguinal lymph node metastases were not 
included in the analyses, as they could not be identified from our cancer registry. Following 
TNM7 and FIGO 2009, these patients were still classified as FIGO IIIc disease and the 
localisation of regional lymph node metastases is not registered18. However, the number 
of FIGO IV patients with solely inguinal lymph node metastases appears to be low (2-5%), 
and the survival of these patients may be similar to FIGO III patients with solitary pelvic or 
para-aortic nodal involvement1,9,26. Consequently, this supports our findings that patients 
with extra-abdominal lymph node metastases show the most favourable prognosis in the 
FIGO IV group. The prognostic role of only extra-abdominal lymph nodes in EOC patients 
should be investigated in future prospective studies, and it remains questionable whether 
these patients should even be classified as FIGO IV patients9,10. 
Over time, the percentage of patients that received no treatment in our population (i.e. 
no chemotherapy and no debulking surgery) was 20-25%. Moreover, another 25% of all 
patients received chemotherapy without debulking surgery. The decision to schedule 
patients for cancer-directed treatment or palliative care is based on a multidisciplinary 
team meeting, including medical oncologists, gynaecologic-oncologists, radiologists and 
pathologists. Reasons for abstaining treatment are not routinely collected within our 
database, and are therefore unknown. The inclusion of patients without cancer-directed 
treatment explains the low survival rates in our total population when compared to other 
studies, as the combination of platinum-based chemotherapy and maximal debulking 
surgery is essential to improve patients’ prognosis2,8,9,13.
Our study showed that debulking surgery contributes to the prognosis of selected patients 
that eventually underwent surgery in our population, as the survival rates of this group are 
higher when compared to patients with limited therapy. In addition, the amount of residual 
disease is a strong prognostic factor for OS (data not shown). This implies that at least a 
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selection of patients with FIGO IV disease is comparable to other advanced stage patients 
in clinical decision making, with no residual disease after surgery as ultimate goal27-30. This 
finding is supported by the distribution of recurrences in FIGO IV patients. Several studies 
showed that most recurrences occur intra-abdominal, which underscores the importance of 
controlling intra-abdominal disease11,31,32. However, as shown in other studies, if debulking 
surgery results in >1cm of residual disease, it is questionable if this treatment approach is 
superior to chemotherapy alone2,3. The presence of initially unresectable disease (>1cm) 
could therefore be challenged with NACT, and surgery might be omitted in case of poor 
response. This emphasises that patient selection to those who will benefit from surgery is 
crucial to avoid surgical morbidity and even mortality. 
The preference for timing of surgery changed over time, with an increase in the use of 
NACT-IDS in FIGO IV patients, which contributed to the more favourable outcomes of 
surgery in the whole population. NACT-IDS seems to be beneficial in FIGO IV patients, as 
we showed that survival was comparable between PDS and NACT-IDS, and multiple studies 
reported reduced morbidity after NACT-IDS16,17,33,34. In our retrospective study, confounding 
by severity plays a role in the selection of patients for either NACT-IDS or PDS. Patients that 
undergo PDS are probably diagnosed with a lower tumour burden and a higher probability 
towards complete debulking surgery. As this favourable prognosis does not translate 
into better survival rates, PDS might not be the preferred treatment for these patients. 
Moreover, a recent sensitivity analysis on FIGO IV patients of the EORTC study confirmed 
the beneficial effect of NACT-IDS, and the authors conclude that NACT-IDS might be the 
preferred treatment in FIGO IVb patients8,16. However, other studies indicate that PDS 
remains the preferred treatment, also for FIGO IV patients1,2. 
We identified a subgroup of selected patients that may benefit from PDS over NACT-IDS. In 
a sensitivity analysis that excluded patients that died shortly after PDS in order to overcome 
immortal time bias, a more favourable outcome was observed in patients with malignant 
pleural effusion22. Immortal time bias refers to those patients who did not respond or died 
during NACT and thus could not have undergone IDS. These patients are represented 
in our chemotherapy only group, and therefore do not compromise clinical outcome in 
the NACT-IDS group22. It makes sense that a selection of patients may be better served 
by PDS. Pleural effusion can be the result of trans-diaphragmatic migration of malignant 
cells through pleuroperitoneal communications, which usually responds well to adjuvant 
chemotherapy35. Unfortunately, the number of FIGO IVa patients who underwent PDS is 
limited in our series and this finding needs to be confirmed in future prospective studies. 
Moreover, PDS can only be beneficial if patients that die shortly after this extensive 
procedure could be identified pre-operatively. 
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Our study is hampered by its retrospective character, and the definition of the amount of 
residual disease in FIGO IV patients. Should the presence of extra-abdominal disease, in 
case of an intra-abdominal complete debulking surgery, alter the outcome of the surgery? 
This issue is not often addressed in other studies, neither does there exist a clear definition 
in international literature. Therefore, it is possible that gynaecologists interpreted the 
outcome of residual disease differently and this might have introduced bias in our analyses 
as our registration clerks register the judgment of the gynaecologists. Strengths of our 
study are the population-based character (including those patients with no or limited 
therapy), complete follow-up records, and the number of patients, as most studies were 
underpowered to identify the prognostic effect of certain metastases on clinical outcome. 
In conclusion, we showed that the renewed FIGO IV classification into FIGO IVa and IVB 
does not provide meaningful prognostic information. Patients with extra-abdominal lymph 
node metastases as only site of FIGO IV disease, however, do have a better prognosis 
compared to all other FIGO IV patients. These findings warrant a critical evaluation of the 
current FIGO IV sub-classification. 
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SUPPLEMENTARY MATERIAL 
S1: Baseline characteristics of all FIGO IV ovarian cancer patients (n=2,436)

Number	of	patients	(%)

Age

   <65 866 (35.6)

   65-75 822 (33.7)

   >75 748 (30.7)

   Mean (SD) 68.4 (12.1)

Charlson	Comorbidity	Score*

   0 1,129 (59.9)

   1-2 311 (16.5)

   ≥3 311 (16.5)

   Unknown 133 (7.1)

Type of tumour

   Serous 1,392 (57.1)

   Mucinous 45 (1.9)

   Endometrioid 44 (1.8)

   Clear-cell 45 (1.9)

   Adenocarcinoma NOS 849 (34.8)

   Other 61 (2.5)

Differentiation	grade

   I 52 (2.1)

   II 108 (4.4)

   III 833 (34.2)

   Unknown 1,443 (59.3)

Localisation	of	metastasis

   Pleural malignant effusion 858 (35.2)

   Intra-abdominal 905 (37.2)

   Lymph node metastases 299 (12.3)

   Other 374 (15.3)

Treatment approach

   No chemotherapy or debulking 552 (22.7)

   Chemotherapy only 626 (25.7)

   Debulking surgery and/or chemotherapy 1258 (51.6)

* Charlson-Comorbidity score was only known for patients who were treated with surgery and/or chemotherapy 
(n=1,884)
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S2: Treatment sequence of FIGO IV EOC patients over time (n=1,258)
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S3: Outcome of debulking surgery of PDS patients (n=212)
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S4: Outcome of debulking surgery of NACT-IDS patients (n=1,046)
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S5: Overall survival stratified by the localisation of metastases. Every panel contains overall survival 
with a follow-up of five years, the dark grey lines depict NACT-IDS patients and the light grey lines 
PDS patients.  The P-values represent a Log-rank test. A) pleural malignant effusion, B) parenchymal 
metastases, C) extra-abdominal lymph node metastases and D) other metastases
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ABSTRACT

Objective
Primary debulking surgery (PDS) followed by adjuvant chemotherapy is historically 
recommended as first line treatment for advanced stage ovarian cancer. Two randomised 
controlled trials, however, showed similar efficacy and reduced toxicity with neoadjuvant 
chemotherapy followed by interval debulking surgery (NACT-IDS). Nevertheless, uptake 
of NACT-IDS varies widely between hospitals, which cannot be explained by difference in 
patient populations. In this survey, we therefore aimed to evaluate the views on NACT-
IDS among all Dutch gynaecologists and medical oncologists involved in the treatment of 
ovarian cancer.

Study design
An e-mail link to the online questionnaire was sent to all medical oncologists and 
gynaecologists in the Netherlands, regardless of their (sub)specialisations. The data was 
analysed using descriptive statistics and chi-square tests were used to analyse differences 
between groups.

Results
Three-hundred-forty physicians were invited to fill out the questionnaire. After two 
reminders, 167 of them responded (49%). Among the responders, 82% of the gynaecologists 
versus 93% of the medical oncologists considered the available evidence sufficiently 
convincing to treat advanced stage ovarian cancer patients with NACT-IDS (p=0.076). 
Moreover, 33% of gynaecologists and 62% of medical oncologists preferred NACT-IDS to 
PDS as first line treatment (p=0.001). While most responders (86%) indicated that selecting 
the right patients for NACT-IDS is difficult, those with bulky disease, FIGO stage IV or 
metastases near the porta hepatica were most likely to undergo NACT-IDS.

Conclusion
The majority of Dutch gynaecologists and medical oncologists adopted NACT-IDS as an 
alternative treatment approach for advanced stage primary ovarian cancer. About two-
thirds of medical oncologists and one-third of gynaecologists prefer NACT-IDS to PDS as 
first line treatment in this setting. Improving patient selection is considered of paramount 
importance. 
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INTRODUCTION

The outcome for patients with advanced stage epithelial ovarian cancer (EOC) is generally 
poor, with five-year survival rates of 25%-35%1. There is a lively debate about the most 
optimal treatment for these patients. The mainstay of therapeutic regimens consists of 
debulking surgery combined with platinum-based combination chemotherapy. Historically, 
primary debulking surgery followed by adjuvant chemotherapy (PDS) is recommended 
as first line treatment. Over the last two decades, an alternative regiment consisting 
of neoadjuvant chemotherapy followed by interval debulking surgery and adjuvant 
chemotherapy (NACT-IDS) emerged2. 
In 2010, the randomised controlled trial of Vergote et al. compared the use of NACT-IDS 
versus PDS in patients with bulky FIGO IIIC and IV EOC. This study demonstrated that overall 
survival and progression free survival after NACT-IDS were similar compared to PDS3, while 
perioperative morbidity and mortality were reduced after NACT-IDS. Just before publication 
of the results of this trial the opinion of gynaecologists and medical oncologists among the 
American Society of Gynaecologic Oncology (SGO) with respect to the preferred treatment 
was evaluated. It was concluded that most members did not treat their patients with NACT-
IDS and did not consider the available evidence sufficient for this treatment sequence4. In 
2011, the opinion of the European Society of Gynaecological Oncology (ESGO) members 
was evaluated, and a majority believed there was sufficient evidence to treat FIGO IIIC and 
IV patients with NACT-IDS. However, there was a large variation between countries (e.g. 
16% in Germany versus 100% in Belgium)5. 
More recently, the CHORUS trial of Kehoe et. al. confirmed the non-inferiority of NACT-
IDS6. In addition, multiple international retrospective studies also demonstrated less 
perioperative morbidity and mortality after interval debulking surgery7-9. Nevertheless, the 
use of NACT-IDS remains a topic of debate, partly because findings from observational 
studies indicate that patients with no residual disease after PDS might have a better survival 
than those with no residual disease after IDS7,8,10. Furthermore, it is argued that the choice 
of treatment (PDS versus NACT-IDS), and the amount of residual disease after (interval) 
debulking surgery, is strongly related to the expertise of the surgical team.
Dutch hospitals are classified according to their level of specialisation as general, semi-
specialised, or specialised hospitals (including all University hospitals)11. Since 2012, 
surgical care for ovarian cancer is centralised in the Netherlands and debulking surgery 
is solely executed in hospitals that perform a minimum of twenty debulking surgeries 
annually. These are semi-specialised or specialised hospitals, and the distinction between 
the two types of hospitals is defined by the employment of gynaecological oncologists. 
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After a regular training in gynaecology and following an additional two-year fellowship in 
gynaecologic oncology, the Dutch Society of Gynaecologic Oncology can certify members 
as gynaecological oncologists. In semi-specialised hospitals, gynaecological oncologists 
participate in each debulking surgery together with semi-specialised gynaecologists. 
Medical oncologists administer (neo)adjuvant chemotherapy in practically all hospitals, 
regardless of their specialisation. The initial diagnosis of ovarian cancer can be made in all 
Dutch hospitals, by either gynaecologists or medical oncologists. Subsequently, but before 
the initiation of treatment, all patients are discussed in a multidisciplinary tumour board 
meeting by gynaecological oncologists, medical oncologists, pathologists, radiologists and 
radiation oncologists for the optimal treatment strategy, as recommended by the ESGO12. 
The use of NACT-IDS increased over the last years in the Netherlands, but the uptake of 
NACT-IDS varies widely between hospitals which cannot be explained by differences in 
patient populations13.  In this survey, we aimed to evaluate the views on NACT-IDS among all 
Dutch gynaecologists and medical oncologists involved in the treatment of ovarian cancer.

METHODS

Questionnaire

A digital questionnaire was used to perform this survey in the Netherlands. It was send 
to gynaecologists and medical oncologists in all Dutch hospitals, regardless of their (sub)
specialisation. A link to the survey was send by e-mail. Responders received their first e-mail, 
which explained the purpose of the study and a link to the survey program in January 2016. 
To increase the response rate, all non-responders received a reminder after three and six 
weeks. Not all responders filled in a complete questionnaire, and these responders also 
received a reminder to complete their questionnaire after eight weeks.  
Questions were based on the two previous survey studies4,5. Responders were asked about 
demographics, experience, diagnostic techniques, definitions of the outcome of debulking 
surgery, chemotherapy protocols and their use and believe in NACT-IDS. The questionnaire 
is provided as a supplementary file together with the CHERRY checklist to establish the 
validity of this questionnaire (S1, S2)14. 

Statistical analysis

The answers were summarised using descriptive statistics. Not all questions had to be 
answered, therefore the number of responses varies between questions. Percentages 
were calculated based on the number of answers to each questions. Respondents from 
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specialised and semi-specialised hospitals were categorised as one group, and compared 
to responders from general hospitals. Chi-square tests were used to analyse differences 
between groups. A p-value <0.05 was considered statistically significant for all analyses. 
Statistical analyses were performed using STATA/SE (version 14.1; STATA CORP., College 
Station, Texas, USA). 

RESULTS

Three-hundred-forty physicians were invited to fill out the questionnaire, 167 physicians 
responded (167/340=49%). Most responders were gynaecologists (table 1). Of all 
respondents, 28% of gynaecologists and 12% of medical oncologists were employed at 
(semi-)specialised hospitals. The vast majority had more than five years of experience 
with the treatment of ovarian cancer patients (84%) and treated 5 to 20 newly diagnosed 
patients a year (60%, table 1).

Table 1: Demographics of respondents on the online survey in the Netherlands

N (%)

Specialisation

   Gynaecologists 101 (60.5)

   Medical oncologist 66 (39.5)

Type of hospital

   Specialised 47 (28.1)

   Semi-specialised 20 (12.0)

   General 100 (59.9)

Experience

   <5 years 27 (17.1)

   5-10 years 37 (23.4)

   11-15 years 36 (22.8)

   >15 years 58 (36.7)

Number	of	EOC	patients	a	year

   <5 12 (7.6)

   5-10 48 (30.4)

   11-20 46 (29.1)

   21-35 26 (16.5)

   36-50 9 (5.7)

   >50 7 (4.4)

   Other 10 (6.3)



150 | CHAPTER 8

Evidence for NACT-IDS

Most responders considered the available evidence as sufficient to treat advanced stage 
EOC patients with NACT-IDS (82% of gynaecologists and 93% of medical oncologists, 
p=0.076). In addition, there was no difference between responders from specialised, semi-
specialised and general hospitals (84%, 88% and 88% respectively, p=0.836). Patients with 
FIGO stage IV, bulky disease in the upper abdomen or metastasis near the porta hepatica 
were most prone to undergo neoadjuvant chemotherapy, but patients with an extremely 
high CA125 or spleen involvement had a higher probability to undergo primary debulking 
surgery (table 2). 

Table 2: Scores of patients and tumour characteristics that benefit from NACT-IDS

Score a

FIGO IV 2.56

Bulky disease upper abdomen 2.44

Metastasis porta hepatica 2.40

Serious comorbidity 2.22

Inevitable bowel resection 2.22

FIGO IIIC 2.07

Large amount of ascites 2.05

Diaphragm involvement 2.03

Spleen metastasis 1.93

Extreme high CA-125 values 1.50

a Respondents could answer on a Likert scale (0-4); the number of responses on every specific number of the 
Likert scale were multiplied by this value and the total sum was divided by the number of responses (n=167)

Before the publication of the EORTC trial, already 15% of  gynaecologists and 55% of medical 
oncologists considered NACT-IDS as a treatment option (p<0.001). In general hospitals, this 
percentage was higher for both gynaecologists and medical oncologists (table 3). After the 
publication of the EORTC and CHORUS trials, the adoption of NACT-IDS increased within all 
groups to a comparable adoption rate (table 3). 
Opinions about whether NACT-IDS should be the preferred treatment for all FIGO IIIC 
and IV patients were diverse. Whereas a minority of gynaecologists (33%)  thought that 
NACT-IDS should be first choice of treatment in this selected group of patients, most 
medical oncologists believed that it should be first choice (62%, table 3). In addition, 16% 
of gynaecological oncologists and 46% of medical-oncologists from specialised hospitals 
preferred NACT-IDS.
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Table 3: Use and adoption of NACT-IDS by gynaecologists and medical-oncologists, stratified by type 
of hospital

 
(Semi-) 

specialised  
gynaecologists a

General  
gynaecologists

(Semi-)
specialised 

medical  
oncologists a

General 
medical 

oncologists p-value b

Sufficient	evidence	for	NACT-IDS

   Before Vergote trial 2 (4.8) 10 (27.0) 6 (46.2) 22 (57.9) <0.001

   Present 38 (86.4) 31 (77.5) 12 (80.0) 39 (97.5) 0.061

NACT-IDS as preferred treatment 0.001

   Yes 10 (22.7) 18 (45.0) 8 (53.3) 26 (65.0)

   No 34 (77.3) 22 (55.0) 7 (46.7) 14 (35.0)  
a Responders from semi-specialised and specialised hospitals were categorised as one group and depicted under 
a  b Chi-square test

Diagnostic process

Most physicians based their decision to schedule patients for primary debulking surgery or 
neoadjuvant chemotherapy on preoperative imaging (94%). Computed tomography (CT) 
scans (79%), transvaginal or transabdominal ultrasounds (46%) and diagnostic laparoscopy 
(46%) were reported as most useful techniques. Diagnostic laparoscopy was not used 
as standard diagnostic work-up, although some physicians performed this technique to 
establish the probability to achieve a complete or optimal primary debulking surgery. 
Positron emission tomography-CT (PET-CT) (2%), magnetic resonance imaging (MRI) 
scans (5%) and thoracoscopy (1%) were rarely used. In addition to preoperative imaging, 
a majority of responders (56%) stated that age and performance status also influenced 
the choice between PDS and NACT-IDS. Nevertheless, most responders (86%) indicated 
that prediction of the outcome of debulking surgery based on pre-operative imaging was 
unreliable. This estimation did not differ between gynaecologist and medical oncologists 
(90% and 80% respectively, p=0.073), or between types of hospitals (p=0.863).

Surgery

The definitions of complete and optimal debulking surgery are known by the majority of 
responders, 91% of responders defined a complete debulking surgery as no macroscopic 
residual disease and 81% of responders defined an optimal debulking as ≤1 cm residual 
disease in maximal diameter. Medical oncologists more often than gynaecologist 
thought that optimal debulking was defined by less than 0.5cm residual disease (21% 
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and 6% respectively), or as no macroscopic residual disease (13% and 3% respectively). 
Gynaecological oncologists and medical oncologists from specialised hospitals defined it 
adequately in 94% and 71% respectively. 
Most responders estimated the number of patients treated with PDS as first line therapy 
within their hospitals between 11% and 40% (48.2%) and only 5.6% estimated that more 
than 90% of their patients were treated with PDS. A substantial number of responders did 
not know the percentage of complete or optimal debulking surgeries in their hospital (57-
60%). 

Chemotherapy

There was a large overlap for chemotherapy regimens in both neoadjuvant chemotherapy 
and adjuvant chemotherapy. Most responders chose for the combination of three-weekly 
carboplatin and paclitaxel for both PDS and NACT-IDS (87% and 84% respectively). General 
gynaecologists more often answered ‘I do not know’ compared to (semi)-specialised 
gynaecologists and all medical oncologists for first line chemotherapy protocol (PDS: 16% 
vs. 2% vs. 0%, NACT: 26% vs. 4% vs. 2% respectively). For patients treated with NACT-IDS, 
the preferred number of neoadjuvant cycles is three (88%), only 3% varied the number 
of neoadjuvant cycles based on chemotherapy response. After optimal and suboptimal 
debulking surgery, most responders chose for three adjuvant cycles (91% and 88% 
respectively) and a minority chose for more than three cycles (4% and 7% respectively). 
Other chemotherapy regimens that were used in daily practice were weekly carboplatin 
and weekly paclitaxel (42% PDS and 37% NACT-IDS), carboplatin monotherapy (43% PDS 
and 36% NACT-IDS) and intraperitoneal chemotherapy (18% PDS and 3% NACT-IDS). 

DISCUSSION

In this survey study, we evaluated the views of Dutch gynaecologists and medical oncologists 
on NACT-IDS for advanced stage primary ovarian cancer. The study was executed as an 
update of two earlier survey studies among the SGO and ESGO members. Our results show 
that a substantial number of responders consider NACT-IDS as an alternative treatment 
approach for patients with FIGO IIIC or IV disease. In addition, the majority of medical 
oncologists prefer NACT-IDS to PDS in this group, whereas gynaecologists still more often 
opt for PDS as first line treatment. 
The decision to schedule patients for PDS or NACT-IDS is mainly based on pre-operative 
imaging in relation to the probability of a successful debulking surgery (≤1 cm of residual 
disease in maximal diameter). In concordance with the previous survey studies, however, 
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the majority of physicians indicated that the outcome of debulking surgery could not reliably 
be predicted4,5. Bulky disease in the upper abdomen, FIGO stage IV disease, metastases 
near the porta hepatica, poor performance status, and an inevitable bowel resection were 
the most commonly mentioned additional reasons to choose NACT-IDS.
A prior survey among SGO members, conducted in 2009 before the publication of the 
EORTC trial, concluded that responders considered the available evidence in favour of 
NACT-IDS as insufficient (82%). In a second survey conducted shortly after publication of 
the EORTC trial, the ESGO members were more convinced of the available evidence, with 
70% accepting NACT-IDS as an alternative treatment option. This latter study, however, 
reported large variation between European countries in their use of NACT-IDS (e.g. 16% in 
Germany versus 100% in Belgium)5. At present, our results are in line with the results of 
the ESGO survey, with an adoption rate of 86%. In addition, most responders started to use 
NACT-IDS after the publication of the EORTC trial. This is supported by the increase in the 
use of NACT-IDS over the last years in the Netherlands13. 
The CHORUS trial and the EORTC trial showed similar overall- and progression- free survival 
for patients after PDS and NACT-IDS, but postoperative morbidity was lower after NACT-
IDS3,6. This raises the question why NACT-IDS is not considered the preferred treatment for 
all FIGO IIIC and IV patients. Among the SGO members in 2009, 74% thought PDS should be 
the preferred treatment, unfortunately this was not evaluated among the ESGO members. 
Our results show more diversion. Still, 55% of all responders were convinced of PDS as first 
line treatment, although there was a significant difference between gynaecologists and 
medical oncologists (67% and 33% respectively, p=0.001). 
The diversity in uptake of NACT-IDS may reflect the ongoing discussion regarding the 
results of the clinical trials. These studies are critically evaluated as the non-inferiority 
outcome might be caused by the rather low percentages of patients with no macroscopic 
residual disease after debulking surgery. Consequently, survival rates in these studies 
were lower when compared to international non-randomised studies15-17. These outcomes 
may suggests that NACT-IDS could be an alternative approach in patients with extended 
tumour burden and a low probability to complete PDS, as the amount of residual disease 
after debulking surgery is the most prognostic factor for prolonged overall survival2,3,6. 
However, if the likelihood to no macroscopic residual disease is high, NACT-IDS should not 
be the first choice of treatment for these patients, which is supported by the majority of 
gynaecologists and medical oncologists from specialised hospitals. Besides evidence-based 
rationale, logistic reasons may also play a role in the use of NACT-IDS in the Netherlands. As 
the surgical treatment is centralised, extended wait lists for surgery or reduced intensive 
care capacity might be reasons to start with NACT in general hospitals. 
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The addition of intraperitoneal chemotherapy to the primary treatment improves overall 
survival in patients who underwent PDS with minimal residual disease18-21. This treatment is 
accompanied with an increase in side effects21, so optimal patient selection and adequate 
experience with intraperitoneal chemotherapy are crucial. In our study, 18% of responders 
used intraperitoneal chemotherapy after primary surgery in Dutch daily practice. The 
possibility of intraperitoneal chemotherapy after successful PDS may persuade physicians to 
pursue PDS in order to improve outcomes for EOC patients. Furthermore there are several 
trials that investigate the efficacy and safety of hyperthermic intraperitoneal chemotherapy 
(HIPEC) during interval debulking surgery, such as the CHORINE trial (NCT01628380) and the 
OVIHIPEC trial (NCT00426257)22,23. In our study only 3% of responders used intraperitoneal 
chemotherapy during interval debulking surgery in daily practice, probably related to the 
OVIHIPEC trial. This was lower compared to the SGO members (42-49% depending on the 
outcome of surgery), but comparable to the ESGO members (2.6%). The addition of HIPEC 
during interval debulking surgery may be a valuable treatment opportunity in patients who 
cannot be optimally debulked in a primary setting23. 
Our study has some limitations. We used the same questionnaire as the two prior surveys, 
which has not been validated however, and added some non-validated questions. As a 
result, we cannot be certain that the results reliably reflect daily practice24. Furthermore, 
our overall response rate was only 49% (167/340). Since we could not identify the opinions 
of the non-responders, the results of this survey may not be generalisable. In addition, we 
included gynaecologists and medical oncologist from all Dutch hospitals. While increasing 
the sample size and reflecting the views of physicians in the entire country, experience 
and knowledge about the most recent developments in ovarian cancer treatment may 
be lacking in responders from general hospitals. This is reflected by the percentage of 
gynaecologists and medical oncologists from general hospitals that were not aware of the 
key RCTs for advanced ovarian cancer patients (data not shown)3,6.  
This survey study contributes to the debate about the timing of surgery in advanced ovarian 
cancer. The adoption rate of neoadjuvant chemotherapy is high for advanced ovarian 
cancer patients in the Netherlands, and even first choice of treatment in FIGO IIIC and IV 
patients according to a majority of medical oncologists. Semi-specialised gynaecologists, 
however, still more often opt for PDS as first line treatment, and this choice seems to 
depend on the probability of successful surgery in the primary setting. This emphasises the 
great importance of our selection processes to ensure that every patient undergoes the 
most optimal treatment. 
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SUPPLEMENTARY MATERIAL
S1:	Survey	questions	to	evaluate	views	on	PDS	versus	NACT-IDS	for	FIGO	IIIC	and	IV	patients

1. What is your sex?
⃝ Male
⃝ Female

2. What is your specialisation?
⃝	 Gynaecological-oncologist
⃝	 Semi-specialised gynaecologist
⃝	 General gynaecologist
⃝	 Fellow gynaecological-oncologist
⃝	 Medical oncologist
⃝	 Fellow medical oncologist

3. How would you define your current practice type?
⃝	 Specialised
⃝	 Semi-specialised
⃝	 General

4. Do you treat patients with ovarian cancer?
⃝	 Yes
⃝	 No, but I did in the past
⃝	 No
⃝	 Other

5. What is your experience in treating patients with ovarian cancer?
⃝	 <5 years
⃝	 5-10 years
⃝	 11-15 years
⃝	 >15 years
⃝	 Other

6. How many patients do you treat annually (mean over the last five years)?
⃝	 <5 patients
⃝	 5-10 patients
⃝	 11-20 patients
⃝	 21-35 patients
⃝	 36-50 patients
⃝	 51-70 patients
⃝	 71-100 patients
⃝	 101-150 patients
⃝	 Other 
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7. What is the definition used in your institution for optimal debulking in ovarian cancer?
⃝	 No residual tumour
⃝	 Residual tumour <0.5 centimetre
⃝	 Residual tumour <1.0 centimetre
⃝	 Residual tumour <2.0 centimetre
⃝	 Other

8. What is the definition used in your institution of complete debulking in ovarian cancer?
⃝	 No residual tumour
⃝	 Residual tumour <0.5 centimetre
⃝	 Residual tumour <1.0 centimetre
⃝	 Residual tumour <2.0 centimetre
⃝	 Other

9. Do you think you can accurately determine preoperatively the outcome of debulking surgery 
(complete/optimal or suboptimal)?

⃝	 Yes
⃝	 No
⃝	 I do not know

10. Does pre-operative imaging play a role in your decision to schedule a patients for primary 
debulking surgery?

⃝	 Yes
⃝	 No

11. (If question 10 is yes) --> How does preoperative imaging play a role in your decision to 
schedule patients for a primary debulking surgery?

⃝	 I only schedule patients for a primary debulking if there is a chance on a complete 
debulking (no residual disease)

⃝	 I only schedule patients for a primary debulking if there is a chance on an optimal 
debulking (<1cm residual disease)

⃝	 Other

12. (If question 10 is yes) --> Which of the modalities do you use in daily practice to establish 
whether a patient can or cannot be optimally debulked?

⃝	 Transvaginal and/or abdominal echography
⃝	 CT scan
⃝	 PET-CT scan
⃝	 MRI scan
⃝	 PET-MRI scan
⃝	 Diagnostic laparoscopy
⃝	 Diagnostic thoracoscopy
⃝	 Other
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13. Does diagnostic laparoscopy play a role in your decision to schedule a patient for primary 
debulking surgery?

⃝	 Yes
⃝	 No

14. (If question 13 is yes) How does diagnostic laparoscopy play  a role in your decision to schedule 
a patient for primary debulking surgery (in daily practice and/or in clinical trial situations)?

⃝	 I always use diagnostic laparoscopy 
⃝	 If there is doubt (based on i.e. pre-operative imaging) if a complete debulking can be 

achieved
⃝	 If there is doubt (based on i.e. pre-operative imaging) if an optimal debulking can be 

achieved
⃝	 Other

15. Does CA-125 play a role in your decision to schedule a patient for primary debulking surgery?
⃝	 No
⃝	 Yes
⃝	 Other

16. Does age and performance status play a role in your decision to schedule a patient for primary 
debulking surgery?

⃝	 Yes, only age plays a role
⃝	 Yes, only performance status plays a role
⃝	 Yes, both age and performance status play a role
⃝	 No, neither age nor performance status  plays a role
⃝	 Other

17. Of all FIGO IIIC and IV patients, how many patients undergo primary debulking surgery in your 
institution?

⃝	 None
⃝	 1-10%
⃝	 11-25%
⃝	 26-40%
⃝	 41-60%
⃝	 61-75%
⃝	 6-90%
⃝	 >90%
⃝	 I do not know

18. How many patients undergo a complete primary debulking surgery in your institution?
⃝	 None
⃝	 <20%
⃝	 20-40%
⃝	 41-60%
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⃝	 61-80%
⃝	 >80%
⃝	 I do not know

19. How many patients undergo an optimal primary debulking surgery in your institution?
⃝	 None
⃝	 <20%
⃝	 20-40%
⃝	 41-60%
⃝	 61-80%
⃝	 >80%
⃝	 I do not know

20. What is the standard chemotherapy protocol after primary debulking surgery?
⃝	 Three weekly carboplatin and weekly paclitaxel
⃝	 Three weekly carboplatin and three weekly paclitaxel
⃝	 I do not know
⃝	 Other

21. Which other chemotherapy regimens do you use in daily practice for patients after primary 
debulking surgery?

⃝	 Weekly carboplatin and weekly paclitaxel
⃝	 Three weekly cisplatin and weekly paclitaxel
⃝	 IP cisplatin and IV paclitaxel at day 1, and IP cisplatin at day 8 and three weekly IV 

paclitaxel
⃝	 Carboplatin monotherapy
⃝	 Cisplatin monotherapy
⃝	 I do not use other chemotherapy regimens
⃝	 I do not know
⃝	 Other

22. How many patients undergo a complete interval debulking surgery in your institution?
⃝	 None
⃝	 <20%
⃝	 20-40%
⃝	 41-60%
⃝	 61-80%
⃝	 >80%
⃝	 I do not know

23. How many patients undergo an optimal interval debulking surgery in your institution?
⃝	 None
⃝	 <20%
⃝	 20-40%
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⃝	 41-60%
⃝	 61-80%
⃝	 >80%
⃝	 I do not know

24. What is the standard chemotherapy protocol before and after interval debulking surgery?
⃝	 Three weekly carboplatin and weekly paclitaxel
⃝	 Three weekly carboplatin and three weekly paclitaxel
⃝	 I do not know
⃝	 Other

25. Which other chemotherapy regimens do you use in daily practice for patients before and after 
interval debulking surgery?

⃝	 Weekly carboplatin and weekly paclitaxel
⃝	 Three weekly cisplatin and weekly paclitaxel
⃝	 IP cisplatin and IV paclitaxel at day 1, and IP cisplatin at day 8 and three weekly IV 

paclitaxel
⃝	 Carboplatin monotherapy
⃝	 Cisplatin monotherapy
⃝	 I do not use other chemotherapy regimens
⃝	 I do not know
⃝	 Other

26. How many cycles do you usually give before the patient undergoes an interval debulking 
surgery?

⃝	 1 cycle
⃝	 2 cycles
⃝	 3 cycles
⃝	 4 cycles
⃝	 5 cycles
⃝	 6 cycles
⃝	 More
⃝	 Variable, depends on response
⃝	 Variable, independently of response
⃝	 I do not use neoadjuvant chemotherapy in daily practice
⃝	 Other

27. How many cycles do you usually give after optimal interval debulking surgery? 
⃝	 3 cycles
⃝	 >3 cycles
⃝	 Intra-peritoneal chemotherapy
⃝	 Other
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28. How many cycles do you usually give after suboptimal interval debulking surgery?
⃝	 3 cycles
⃝	 >3 cycles
⃝	 Intra-peritoneal chemotherapy
⃝	 Other

29. Which patients do you feel benefit the most from neoadjuvant chemotherapy followed by 
interval debulking surgery (Likert scale 1-4)

⃝	 FIGO IIIC
⃝	 FIGO IV
⃝	 Bulky disease in the upper abdomen
⃝	 Bowel obstruction or involvement, for which bowel resection is inevitable 
⃝	 Metastasis at the porta hepatic
⃝	 Diaphragmatic metastasis 
⃝	 Spleen metastasis
⃝	 A large volume of ascites
⃝	 Extreme values of Ca-125
⃝	 Serious co-morbidity
⃝	 Other

30. Do you think that sufficient evidence is provided to use neoadjuvant chemotherapy followed 
by interval debulking surgery in daily practice?

⃝	 Yes
⃝	 No

31. Did your opinion about neoadjuvant chemotherapy change after the publication of the EORTC 
trial (Vergote, 2010)?

⃝	 Yes
⃝	 No, I already thought there was sufficient evidence to use NACT-IDS
⃝	 No, I still think there is not enough evidence to use NACT-IDS in daily practice
⃝	 I do not know the EORTC trial or its results
⃝	 Other

32. Did your opinion about neoadjuvant chemotherapy change after the publication of the 
CHORUS trial (Kehoe, 2015)?

⃝	 Yes
⃝	 No, I already thought there was sufficient evidence to use NACT-IDS
⃝	 No, I still think there is not enough evidence to use NACT-IDS in daily practice
⃝	 I do not know the EORTC trial or its results
⃝	 Other
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33. Do you think that NACT-IDS should be the preferred treatment for patients with FIGO IIIC or IV 
ovarian cancer instead of PDS?

⃝	 Yes
⃝	 No
⃝	 Other
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S2:	Checklist	for	Reporting	Results	of	Internet	E-Surveys	(CHERRIES)

Design Survey design A non-validated questionnaire was used to 
perform this non-validated survey study in 
the Netherlands. A personal link to the survey 
was sent by e-mail to all gynaecological 
oncologists, semi-specialised gynaecologists 
and medical oncologists with special interest 
in gynaecologic oncology in the Netherlands. 
There was no list that covered all these 
specialists, therefore we contacted all 86 
hospitals to identify them.

IRB (Institutional Review 
Board) approval and 
informed consent process

IRB approval IRB approval was not needed.
Informed consent The participants were informed about 

the purpose of the study, the duration to 
complete the survey, who the investigators 
were and were ensured that all data was 
handled anonymously. 

Data protection The following commercial web survey 
provider was used: surveymonkey.com. 
All data were hosted by SurveyMonkey. A 
personal e-mail with a link was created to 
ensure that respondents could not respond 
multiple times.  

Development and pre-
testing

Development and 
testing

The questions were based on the two 
previous survey studies to establish 
comparison between the three studies. These 
questions were evaluated and adjusted by 
expert physicians in the field. The web survey 
was tested before the start of the study by 
multiple colleagues. 

Recruitment process and 
description of the sample 
having access to the 
questionnaire

Open survey versus 
closed survey

It was a closed survey. The only way to 
access the survey was by the personal link 
respondents received in their e-mail. There 
was no option to fill in the questionnaire on 
an open site. 

Contact mode The target population received an email 
explaining the goals and purposes of the 
survey and asked for their participation. This 
email included the link to the online survey. In 
order to enlarge the response rate, a second 
and third invitation was sent three and six 
weeks later. Furthermore respondents that 
not completed their survey after eight weeks 
received a reminder as well. 

Advertising the 
survey

No advertising was used.
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Survey administration Web/E-mail The link to the survey was provided in an 
email. Respondents could only get access to 
the web based survey by clicking on the link. 
The data were collected automatically after 
their submission and could be altered within 
the study period.

Context Not applicable; there was no web site in 
which the survey was posted.

Mandatory/voluntary Responding to the survey was voluntary.
Incentives There were no incentives offered if 

respondents completed the questionnaire. 
Time/Date The survey was conducted between January 

and February 2016.
Randomisation 
of items or 
questionnaires

No items or questionnaires were randomised.

Adaptive questioning Adaptive questioning was mostly used. Based 
on the answer, respondents were directed 
to an additional question or to the next 
question.

Number of Items The survey consisted of 33 questions 
maximum; because of adaptive questioning 
some respondents could have answered less 
questions.  

Number of screens 
(pages)

The survey consisted of 15 pages maximum; 
because of adaptive questioning some 
respondents could have seen less pages. 

Completeness check All questions were multiple choice, and 
for some questions there was a possibility 
to make a remark. Not all questions were 
obligated to answer, but if respondents 
did not fulfil the whole questionnaire, they 
received a reminder after eight weeks.

Review step Respondents were able to go back to previous 
pages and update existing answers at every 
moment in the process until the survey was 
closed by the investigators. 
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Response rates Unique site visitor Every respondent received a link to their 
personal e-mail address. This made it possible 
(in theory) to respond to the questionnaire 
multiple times if the person in question had 
access to the e-mail addresses of their peers.

View rate (Ratio 
of unique survey 
visitors/unique site 
visitors)

Of the 340 physicians who were invited; 233 
opened their e-mail to read the invitation 
(233/340=68.5%) and 107 did not open their 
e-mail (107/340=31.5%).  

Participation rate 
(Ratio of unique 
visitors who agreed 
to participate/unique 
first survey page 
visitors)

In total 172 respondents saw the first page 
of the survey within SurveyMonkey after 
opening their e-mail (172/233=73.8%).

Completion rate 
(Ratio of users who 
finished the survey/
users who agreed to 
participate)

In total 167 of 172 respondents partially 
replied to the survey (97.1%) and 139 
completely filed in the questionnaire 
(139/172=80.8%). 

The total response rate was 49.1% (167/340)
Preventing multiple entries 
from the same individual

Cookies used Not used
IP check Not used
Log file analysis Not used
Registration Every respondent received a link to their 

personal e-mail address, no registration with 
login was required. This made it possible 
(in theory) to respond to the questionnaire 
multiple times if the person in question had 
access to the e-mail addresses of their peers.

Analysis Handling of 
incomplete 
questionnaires

All questions were analysed separately and 
not based on complete/partial completion. 
Not all questions were obligated to answer, 
therefore the number of responses could 
variate between questions. Percentages were 
calculated based on the number of answers 
to each question

Questionnaires 
submitted with an 
atypical timestamp

Not applicable

Statistical correction Not applicable
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ABSTRACT

Introduction
Patient selection is critical to optimise outcome and prevent morbidity of primary surgery in 
epithelial ovarian cancer patients. Therefore, the aim of our study is to develop a clinically 
relevant prediction model in order to improve patient selection for upfront successful 
cytoreductive surgery defined as no macroscopic residual disease. 

Methods
We identified all patients with advanced epithelial ovarian cancer (FIGO III-IV) who 
underwent an attempt to primary cytoreductive surgery between 01.01.2008 and 
31.12.2015 from the Netherlands cancer registry. All potential predictors for successful 
surgical outcome were entered in a logistic regression model. Using backward stepwise 
elimination, we selected the most important predictors. The discriminative ability of our 
model was assessed by the area under the receiving operating characteristic curve (AUC). 
Internal validation was performed using bootstrap techniques. 

Results
We included 2,215 advanced stage ovarian cancer patients. Our final model consisted of 
age at diagnosis, FIGO stage, omental cake, ascites, CA125 at diagnosis, and the presence 
of a gynaecological oncologist during cytoreductive surgery. The AUC was 0.75 (95% 
confidence interval 0.72-0.77). 

Conclusion
We developed and internally validated a good discriminative model that predicts the 
probability to complete cytoreductive surgery as primary treatment in advanced epithelial 
ovarian cancer patients. After external validation, this model may improve patient selection 
towards those that may actually benefit from successful primary surgery. 
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INTRODUCTION

Survival outcomes of advanced stage ovarian cancer patients largely depend on the 
ability to minimise residual disease during cytoreductive surgery1. Consequently, maximal 
cytoreduction is the cornerstone in the treatment of epithelial ovarian cancer (EOC). 
Since the introduction of neoadjuvant chemotherapy followed by interval cytoreductive 
surgery (NACT-ICS), it has been shown that patients with no residual disease after 
cytoreductive surgery (either upfront or interval surgery) have the best survival rates2,3. This 
led to a change in paradigm, where no macroscopic residual disease is nowadays the goal of 
cytoreductive surgery, instead of optimal surgery with residual disease of ≤1cm in maximal 
diameter. Primary cytoreductive surgery (PCS) is still the preferred treatment if complete 
cytoreductive surgery seems feasible, predominantly in FIGO stage III disease. When 
complete PCS is considered impossible, due to high intraperitoneal tumour load or because 
of a high likelihood towards surgical complications, NACT-ICS is an attractive treatment 
approach with non-inferior survival rates and decreased perioperative morbidity2-4.
Patients are scheduled for either PCS or NACT-ICS based on clinical characteristics, 
physical examination and imaging techniques. However, it is well known that predicting 
the outcome of surgery is inaccurate5. The use of diagnostic laparoscopy may decrease 
the amount of futile laparotomies (>1cm of residual disease at the end of PCS) and has 
been shown to be cost-effective6,7. However, it requires invasive diagnostic procedures with 
possible morbidity after initial diagnostic laparoscopy or during subsequent cytoreductive 
surgery8,9. Therefore, multiple studies tried to predict the outcome of surgery based on 
computed tomography (CT) scans10-21. However, the vast majority of CT based models are 
not internally or externally validated or lack sufficient discriminative ability in an external 
independent population22-26.
In order to prevent unnecessary morbidity from futile primary laparotomies, and to 
improve success rates of performed surgeries, a clinical model to predict the outcome of 
cytoreductive surgery is of paramount importance for optimal patient selection. A number 
of recent models could not be validated externally by our group, as specific predictors of 
those models are not routinely collected27-31. In addition, most of the models are developed 
on small samples derived from single centres, which are known to be less generalisable into 
new populations. Therefore, the aim of our study was to develop a prediction model based 
on a large population-based dataset to improve patient selection for upfront successful 
cytoreductive surgery defined as no macroscopic residual disease. 
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METHODS

We identified all patients who were diagnosed with epithelial ovarian cancer (EOC), 
including fallopian tube and primary peritoneal cancer (International Classification of 
Diseases for Oncology (ICD-O) C56.9, C57.0, C48.2), in the Netherlands between 01.01.2008 
and 31.12.2015 from the Netherlands Cancer Registry (NCR)32. Information on patient and 
tumour characteristics, diagnosis, and treatment was routinely extracted from medical 
records by thoroughly trained registration clerks. Additionally, the registration team 
obtained complementary patient (e.g. performance score and comorbidity) and diagnostic 
characteristics (e.g. presence of omental cake on imaging) after training for this project. 

Study population

Patients were eligible for this study if they were diagnosed with advanced EOC, FIGO stage 
III-IV, and underwent an attempt at primary cytoreductive surgery. If this attempt resulted 
in exploratory surgery only, they were still included in this study. The amount of residual 
disease was registered as complete in case of no macroscopic residual disease, incomplete 
in case of macroscopic residual disease (regardless of the largest diameter). If surgery 
resulted in no, or limited, resection (i.e. salpingo-oophorectomy for diagnostic purposes) 
they were included in the group with macroscopic residual disease. 
Patients with FIGO stage III-IV EOC who underwent NACT-ICS without an attempt to PCS 
were also identified from the NCR, and were used for baseline comparisons between both 
groups. Moreover, this group was used to study the natural selection for either PCS or 
NACT-ICS over time. Patients without an initial attempt to PCS were excluded for the model 
development as outcome of cytoreductive surgery in the primary setting is unknown for 
this group. 

Model development

We imputed missing values using multiple imputation to prevent a loss of precision and a 
high likelihood of biased coefficients, which is associated with decreased external validity33. 
The number of imputations was set to 20, resulting in 20 imputed datasets. A sensitivity 
analysis was performed by comparing the imputed data to a complete case analysis, to 
determine whether our conclusions would be dependent on the method to handle missing 
data. Sensitivity analyses showed similar results for all imputed datasets (data not shown).
Potential predictors for macroscopic residual disease after cytoreductive surgery were 
based on previously published studies and expert opinion. This results in higher external 
validity compared to selecting predictors only based on observed statistically significant 
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associations in the data used for the model development. Potential predictors that were 
entered in a logistic regression model were age at diagnosis, FIGO stage (based on imaging 
techniques, and pre-operative cytologic/histologic confirmation of metastases), localisation 
of metastases in case of FIGO IV disease, histologic subtype, differentiation grade, presence 
of ascites (based on pre-operative imaging), omental cake (based on pre-operative imaging), 
CA125 at diagnosis (loge-transformed), American Society of Anaesthesiologists (ASA) score, 
Charlson Comorbidity Index score (CCI) and the presence of a gynaecological oncologist 
during surgery. All potential predictors were entered in a logistic regression model. We 
used backward stepwise elimination based on the Wald test to select the most important 
predictors. A less strict alpha was selected to prevent too early exclusion of potentially 
important predictors (alpha = 0.20), as per prediction modelling guidelines34. Predictors 
that were selected in at least half of the 20 imputed datasets were selected. After selection, 
the initial prediction model was estimated.

Model performance

The ability of the model to predict the patients’ probability of having no macroscopic 
residual disease after cytoreductive surgery was based on the area under the receiver 
operating characteristic curve (AUC). Higher AUC indicates a higher discriminative capacity, 
i.e. the model can better separate those with a complete cytoreductive surgery from those 
with macroscopic residual disease. In addition, calibration was tested using the Hosmer-
Lemeshow (H-L) goodness-of-fit. A non-significant H-L test indicates no significant deviation 
from good model fit. Moreover, we plotted the difference between observed and predicted 
probabilities to assess the calibration of the model visually.

Interval validation 

Internal validation was performed using bootstrap techniques. This method yields a 
shrinkage factor that can be used to correct for overfitting of the model (i.e. the model 
performs well for the population it was designed for, but not for future patients) by 
shrinking the regression coefficients towards zero. The model intercept was re-estimated 
after shrinkage. In addition, the bootstrap internal validation yields measures of optimism 
in the performance of the model in the development data, which can subsequently be used 
to compute optimism-corrected indices of performance. The number of bootstrap samples 
was set to 1000. 
All statistical analyses were performed using STATA/SE, version 14.1 (Stata Corp, College 
Station, Texas, USA) and R, version 3.2.1.(http://www.r-project.org). 
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RESULTS

We identified 5,038 patients with FIGO stage III-IV EOC who underwent PCS or NACT-ICS 
between 2008 and 2015 in the Netherlands. Of them, 2,215 patients underwent an initial 
attempt to PCS (44%) and this percentage decreased over time (56% in 2008-2009 to 37% 
in 2014-2015, P<0.001). Simultaneously, the number of complete cytoreductive surgeries 
gradually increased from 31% in 2008-2009 to 56% in 2014-2015 (P<0.001). Moreover, the 
presence of a gynaecological oncologist was more common in the most recent years (78% 
in 2008-2009 to 95% in 2014-2015, P<0.001). 
Baseline characteristics were significantly different for patients who were treated with 
NACT-ICS and an initial attempt to PCS (table 1). Patients who underwent NACT-ICS were 
significantly older, and were more often diagnosed with an ASA score of II or higher. The 
extent of disease was higher in NACT-ICS patients, as FIGO stage IV disease was more 
common, CA125 was higher at diagnosis and an omental cake was more often present on 
pre-operative imaging. 

Associations between clinical characteristics and outcome of surgery

Histological subtype, differentiation grade, localisation of metastases in case of FIGO IV, 
performance score and CCI-score were not independently associated with the outcome 
of cytoreductive surgery, nor did they improve the model performance. Therefore, 
these variables were eliminated from our final model. Our final model consisted of age 
at diagnosis, FIGO stage, omental cake on pre-operative imaging, presence of ascites 
on pre-operative imaging, CA125 at diagnosis (loge-transformed), and the presence of a 
gynaecological oncologist during cytoreductive surgery. All final ORs are listed in table 2. 

Model development and internal validation

The AUC of our final model was 0.75 (confidence interval (CI) 0.72-0.77), which indicates 
good discriminative ability (figure 1). In addition, the H-L test was non-significant (P=0.916), 
indicating good model fit, and our calibration plot showed that our model was well 
calibrated (S1). Internal validation by bootstrapping 1000 times revealed a shrinkage factor 
of 0.99 of our model. The shrinkage factor was used to adjust the regression coefficient 
estimates for over-optimism, so that future predictions will be better. 
The performance of our currently developed model in daily clinical practice is highly 
dependent on the chosen threshold for a positive test (table 3). In figure 2, we illustrated 
how the currently developed prediction model could be implemented in daily clinical 
practice. Moreover, we tested our model on patients that received initial NACT-ICS in the 
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Table 1: Baseline characteristics of advanced EOC patients stratified by initial treatment sequence

 PCS (%) NACT-ICS (%) p-value

Age <0.001

   <65 1146 (51.7) 1250 (44.3)

   65-75 743 (33.6) 1125 (39.8)

   >75 326 (14.7) 448 (15.9)

   Median (IQR) 64 (55-72) 66 (59-73) <0.001

FIGO stage

   FIGO IIIA-IIIB 536 (24.2) 102 (3.6)

   FIGO IIIC 1317 (59.5) 1651 (58.5)

   FIGO IV 282 (12.7) 981 (34.8)

   Unknown 80 (3.6) 89 (3.1)

Localization	of	metastases <0.001

   No metastases 1933 (87.3) 1842 (65.2)

   Malignant pleural effusion 103 (4.6) 428 (15.2)

   Other metastases 179 (8.1) 553 (19.6)

Histologic	subtype <0.001

   High grade serous 1650 (25.5) 2403 (85.1)

   Other 565 (74.5) 420 (14.9)

Omental cake <0.001

   No 1263 (57) 783 (27.7)

   Yes 650 (29.4) 1901 (67.4)

   Unknown 302 (13.6) 139 (4.9)

CA125	at	diagnosis*

   Mean (SD) 5.9 (1.5) 6.9 (1.3) <0.001

Ascites <0.001

   No ascites 385 (17.4) 780 (27.6)

   Ascites 1239 (55.9) 1500 (53.2)

   Unknown 591 (26.7) 543 (19.2)

ASA score <0.001

   ASA I 594 (26.8) 577 (20.4)

   ASA II or higher 1174 (53) 1915 (67.9)

   Unknown 447 (20.2) 331 (11.7)

Charlson	Comorbidity	Index 0.170

   0-1 1795 (81.1) 2306 (81.7)

   ≥2 353 (15.9) 466 (16.5)

   Unknown 67 (3) 51 (1.8)

Gynaecologic-oncologist <0.001

   No 404 (18.2) 246 (8.7)

   Yes 1523 (68.8) 2511 (89)

   Unknown 288 (13) 66 (2.3)  
* CA125 values were loge-transformed
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Dutch study population that was excluded for the model development. This sensitivity 
analysis showed that 5.2% of all patients that underwent NACT-ICS were selected for 
upfront PCS based on the currently developed model. 

Table 2: Odds ratios and estimates for complete cytoreductive surgery based on the internally 
validated prediction model

 OR (95%CI) Shrunk	coefficient

Age 0.99 (0.98-0.99) -0.014

FIGO stage

   FIGO IIIA-IIIB reference

   FIGO IIIC 0.35 (0.24-0.51) -1.036

   FIGO IV 0.22 (0.14-0.24) -1.499

Omental cake

   No reference

   Yes 0.41 (0.21-0.82) -0.867

CA-125	at	diagnosis* 0.91 (0.78-0.96) -0.099

Ascites

   No ascites reference

   Ascites 0.57 (0.41-0.79) -0.557

Gynaecologic-oncologist

   No reference

   Yes 2.35 (1.50-3.68) 0.839

* CA125 values were loge-transformed, the intercept of the shrunk coefficients was 1.713

Table 3: Model performance at different thresholds in the prediction of residual disease after upfront 
cytoreductive surgery

Cut-off	for	a	positive	test Sensitivity	(%) Specificity	(%) PPV (%) NPV (%)

10% 98.7 7.3 38.4 90.8

20% 89.8 36.5 45.3 86.0

30% 78.1 58.2 52.2 82.0

40% 61.5 76.5 60.4 77.2

50% 46.9 87.8 69.2 73.9

60% 37.7 92.6 75.0 71.8

70% 19.7 97.4 81.3 67.5

80% 3.4 99.2 71.1 63.7

PPV: positive predictive value, NPV: negative predictive value
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Score calculator

In addition to the prediction model, we developed an online score calculator, and an 
example for an individual patient is provided in the supplementary material (S2). This score 
calculator was based on the internally validated estimates of our model.

Figure 1: Area under the receiver operating characteristic curve (AUC) on the probability towards no 
macroscopic residual disease after upfront cytoreductive surgery

Eligible for PCS

PCS

NACT-ICS

NACT-ICS

Diagnostic work-up Prediciton model
Diagnostic 

laparoscopy

Score <5%

Score 5-40%

60% no macroscopic residual disease after PCS

23% no macroscopic residual disease after PCS

0% no macroscopic residual disease after PCS

Score >40%

Figure 2: Illustration how the prediction model could be implemented in clinical daily practice, the 
percentages in the grey boxes represent the current data of the used population
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DISCUSSION

The decision to schedule EOC patients for either PCS or NACT-ICS depends, among others, 
on the ability to reach a complete cytoreductive surgery. In this large population-based, 
multicentred study we developed and internally validated a prediction model, based 
on simple baseline characteristics, that estimates the probability to successful PCS. The 
implementation of this model may offer clinical guidance in this heterogenous patient 
population.
The ability to reach a complete cytoreductive surgery is most often based on imaging 
techniques, predominantly CT scans, which resulted in numerous CT based prediction 
models10-21. Extensive research has been done to the accuracy of these models, but all 
of them failed to show enough discriminative ability in new populations22-26. One of the 
reasons that may cause the lack of external validity of these models is that expertise 
of radiologists greatly differs between centres. This results in interobserver variability 
between radiologists in the assessment of radiographic features. Moreover, the interaction 
between radiologists and gynaecological oncologists influences clinical decision-making, as 
some surgeons are more aggressive in their approach to reach a complete cytoreductive 
surgery22,35,36. This underscores why these models are prone to individual interpretation, 
and lack generalisability in other populations. The currently developed model is based on 
a large population-based, multi-centre dataset, which may result into a better prediction 
in other populations as well, since multiple radiologists and gynaecologists were included. 
Moreover, the presence of ascites and an omental cake are simple radiographic features for 
expert radiologists in gynaecologic oncology. 
Previously developed prediction models mainly focussed on the probability of suboptimal 
(>1cm) cytoreductive surgery, but did not distinct complete from optimal surgery11,17,28-31. 
The usability of those models is currently limited, since optimal surgery has been abandoned 
as the appropriate goal of PCS. As a result, PCS should only be considered in case of a high 
probability towards no macroscopic residual disease and previously developed models are 
therefore not accurate enough. Moreover, the vast majority of these models is hampered 
by a small sample size and a patient population from a single-institution, which has proven 
to decrease accuracy in other populations.
Other models show promising results in their own study population, but could not be 
externally validated by our group due to missing variables in our dataset. Serum human 
epididymis protein 4 (HE4) may be a useful predictor for successful surgery, and the height 
is associated with initial tumour burden. AUCs for complete surgery ranged between 
0.63 and 0.7927,37. Moreover, when combined with CA125 and performance status, this 
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increased to an AUC of 0.8527. Our model may improve when the serum HE4 is added as 
potential predictor, but this requires implementation of HE4 in the diagnostic work-up for 
advanced ovarian cancer patients.
A recently developed and validated model based on the GOG-182 study shows promising 
results, with a highest AUC of 0.87 in the training set and 0.83 in the validation set38. The 
GOG-182 study randomized patients for varying adjuvant platinum-based chemotherapy 
protocols, while all patients underwent primary cytoreduction39. The training set was used 
to develop the model and included patients that were randomized within the first 2.5 
years (n=1,007), subsequently all other patients were categorized in the validation set and 
this was used to externally validate the model (n=473). One of the potential predictors in 
their study was disease score, which categorized patients according to the extent of initial 
tumour burden. The AUCs of 0.87 and 0.83 were reached by including the intra-operative 
disease score, which is not accessible in a preoperative setting. Therefore, AUCs were lower 
when this predictor was excluded from the model (training set AUC 0.78 and validation 
set 0.73). It did, however, show that intra-abdominal disease is an important predictor for 
successful surgery. 
The extent and localisation of intra-abdominal disease could be well established by 
diagnostic laparoscopy prior to cytoreductive surgery. In a randomised setting, it has been 
shown that the number of futile laparotomies decreases when diagnostic laparoscopy 
is used to assess the resectability of advanced stage ovarian cancer7. Moreover, the use 
of standardised laparoscopic scoring systems increases perioperative accuracy in the 
estimation of subsequent successful PCS40,41. This raises the question why we need a 
pre-operative prediction model. The use of diagnostic laparoscopy is unfortunately not 
without its downsides, and they should be taken into consideration as well. The most 
important disadvantage of diagnostic laparoscopy is the development of port-site-
metastases, varying from 16-47%42. Although these metastases are not directly associated 
with impaired survival rates, they are responsible for additional perioperative morbidity 
and more complex subsequent cytoreductive surgery9,43. In addition, the use of diagnostic 
laparoscopy and accompanied scoring systems does not ensure successful PCS, as the 
false negative result of laparoscopy ranges between 4-30%44. The implementation of 
diagnostic laparoscopy should therefore be limited to those patients in whom successful 
PCS seems feasible. In this patient group, the currently developed prediction model may 
be of additional use. 
Despite the good performance of our model in this manuscript, a prediction model is only 
beneficial in daily clinical practice if it is more accurate in the prediction of the desired 
outcome compared to the assessment of the clinician. In the Dutch LAPOVCA trial, patients 
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were eligible for inclusion if optimal PCS with ≤1cm residual disease was deemed feasible. 
Out of the 201 included patients, 107 (53%) patients achieved optimal surgery at the 
initial attempt (regardless of the performance of diagnostic laparoscopy), while only 36% 
(73/201) had no residual disease after the initial attempt7. Moreover, this is probably an 
overestimation to real clinical practice, as patients with specific disease features (large 
pelvic masses, diaphragmatic peritonitis or peri-aortic lymphadenectomy >1cm) were 
already excluded from this trial. This stresses the urge to optimise the preoperative 
selection for successful PCS.
Based on a large population-based dataset, our model provides an estimation on the 
probability of a complete PCS. The clinical utility of our model depends on the chosen 
threshold for a positive test. In case the cut-off point for a positive test is 40% or higher, 60% 
of advanced ovarian cancer patients have no residual disease after upfront PCS. Although 
not perfect, it is still 1.7 times higher when compared to regular clinical assessment (based 
on the LAPOVCA trial). In case of a higher threshold, the specificity of the model increases, 
and the number of futile laparotomies decreases as a result. The chosen threshold for a 
positive test may vary between advocates of PCS and NACT-ICS, as advocates of NACT-ICS 
may accept less futile laparotomies at the expense of more patients undergoing NACT-
ICS while they were candidates for successful upfront PCS. The implementation of a 
preoperative prediction model could be helpful in the process of shared-decision making, 
where risks and benefits are more quantifiable for both physicians and patients. Moreover, 
after the initial estimation and the use of a prediction model, diagnostic laparoscopy could 
be of additional value in a more specific selection of patients. 
Despite the good discriminative ability of our model, and the fact that internal validation 
was a part of the model development, there are some limitations. We excluded all patients 
that received initial NACT-ICS for the development of the model, as they were targeted as 
not suitable for primary surgery. We showed that the number of patients that could be 
selected for PCS, based on the currently developed model, was rather low in the initial 
NACT-ICS group (5%), which may be an indication that the model can also be used in other 
populations. We could, however, not externally validate our currently developed model 
on this patient population as the outcome of PCS could not be established in that cohort 
(as they did not undergo an attempt to primary surgery). The number of patients that 
was treated with NACT-ICS increased over the last year in the Netherlands, and this is a 
potential source of bias for our estimates. In addition, while the population-based setting 
with multicentre inclusion is a benefit of our study since estimates are more generalisable, 
the performance of the model may differ between centres due to differences in surgical 
capacities. However, the model could be adjusted for specific centres in external validation 
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processes. Most importantly, our model is not externally validated, which is warranted 
before implementation is possible in clinical daily practice. 
In conclusion, we developed and internally validated a model that estimates the probability 
to complete cytoreductive surgery as primary treatment in advanced ovarian cancer 
patients. After external validation, this model may improve patient selection towards those 
that may actually benefit from successful primary surgery. 
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SUPPLEMENTARY MATERIAL

S1: Calibration plot of the logistic regression model to predict complete cytoreductive surgery

 

S1: Example of the online score calculator based on the internally validated estimates of the developed prediction 
model 

S2: Example of the online score calculator based on the internally validated estimates of the 
developed prediction model 
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ABSTRACT

Introduction
The ability to minimize residual disease during primary cytoreductive surgery is the 
strongest predictor for improved overall survival in advanced ovarian cancer. But while the 
probability to achieve a macroscopic complete resection increases if surgery is preceded by 
neoadjuvant chemotherapy (NACT), survival rates after NACT are similar to those observed 
after primary surgery. This may suggest that the prognostic effect of residual disease is 
altered after NACT. More specifically, randomized data suggest that there is no difference 
between optimal (0.1-1cm) and suboptimal (>1cm) cytoreductive surgery after NACT. 
Therefore, the aim of the current review is to establish the prognostic effect of the amount 
of residual disease after interval cytoreductive surgery (ICS) on overall survival.

Methods
Potential articles for inclusion in the current review were systematically searched through 
Medline, Embase and Cochrane in September 2017. Median overall survival (mOS) was 
summarized by the outcome of ICS per study. In addition, mOS was summarized for all 
studies together stratified by the outcome of ICS, based on the principle of a weighted 
average. 

Results
In total, 3,677 unique manuscripts were individually screened on title and abstract, which 
resulted in 11 individual studies that comprised a total of 2,178 patients. MOS was 41 
months for patients with no residual disease (range 33-54 months), 27 months for patients 
with 0.1-1cm of residual disease (range 19-38 months) and 21 months with >1cm of 
residual disease (range 14-27 months). Six studies showed significant differences between 
optimal and suboptimal ICS, while five studies showed no differences. 

Conclusion
The summary of the currently available literature showed that after NACT, patients with 
optimal cytoreductive surgery experience lengthened survival compared to patients 
with suboptimal cytoreductive surgery. Patients with no macroscopic residual disease, 
however, have the most favorable survival outcomes, similar to what is seen after primary 
cytoreductive surgery. 
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INTRODUCTION

The vast majority of epithelial ovarian cancer patients is diagnosed with advanced stage 
disease, which is associated with poor clinical outcome1,2. Standard therapy comprises a 
combination of platinum-based chemotherapy and cytoreductive surgery. Patients survival 
strongly depends on the sensitivity to first-line chemotherapy and the ability to minimize 
residual disease during primary cytoreductive surgery (PCS), where patients with no 
macroscopic residual disease have the best prognosis3,4. 
Traditionally, patients underwent PCS followed by six cycles of adjuvant chemotherapy. 
Initial disease burden is a limiting factor in achieving an optimal surgical result. Neoadjuvant 
chemotherapy (NACT) was introduced to diminish intra-abdominal tumor load and, 
hence, increase the likelihood towards successful interval cytoreductive surgery (ICS). 
Two landmark randomized clinical trials (RCTs) compared clinical outcomes between PCS 
and NACT-ICS in International Federation of Gynecology and Obstetrics (FIGO) IIIC and IV 
patients, and showed similar survival rates between both groups5,6, with reduced morbidity 
after NACT-ICS7,8. The percentage of patients with ≤1cm of residual disease, however, was 
higher in the NACT-ICS group. The higher probability towards successful surgery after NACT 
was confirmed in the meta-analysis by Kang et al.9 The discrepancy between improved 
surgical outcome after NACT without improvement in long-term outcome raises the 
question why the prognostic value of surgical outcome differs for patients who receive PCS 
versus those that receive NACT-ICS.
A recent study by Meyer et al. showed that survival after PCS and NACT-ICS was similar 
in case of complete cytoreductive surgery (i.e. no macroscopic residual disease), while 
survival of PCS patients was significantly better after optimal cytoreductive surgery (0.1-
1cm of residual disease) when compared to NACT-ICS patients10. This suggests that any 
macroscopic residual disease after NACT is an unfavorable prognostic factor for survival. 
Moreover,  randomized data suggest that there is no difference in survival between optimal 
(0.1-1cm) and suboptimal (>1cm) cytoreductive surgery after NACT5. The aim of the current 
review is therefore to establish the prognostic effect of the amount of residual disease after 
NACT-ICS on overall survival, in order to support clinical decision making for patients who 
benefit from ICS after NACT. More specifically, we aim to investigate if survival differences 
are present between suboptimal and optimal cytoreductive surgery. 

METHODS

The definition of residual disease after surgery has evolved over time. Successful 
cytoreductive surgery was previously defined as tumor residuals ≤2cm, while nowadays it is 
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defined as no macroscopic residual disease 4,11-13. As our review aims to define the prognostic 
effect of residual disease in the current platinum-based era, we focused on studies that 
adopted current definitions for residual disease and categorized patients into complete (i.e. 
no macroscopic residual disease), optimal (i.e. largest diameter 0.1-1cm) and suboptimal 
(i.e. largest diameter >1cm of residual disease) surgery. The Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) tool was used to ensure transparent 
reporting and is added to our supplementary material (S1)14,15. Moreover, the protocol 
for the current review is registered in the international prospective register of systematic 
reviews (PROSPERO) with the following registration number CRD42018083656 and can be 
accessed through the following website https://www.crd.york.ac.uk/PROSPERO/. 

Search

Potential articles for inclusion in the current study were systematically searched through 
Medline, Embase and Cochrane (Cochrane Database of Systematic Reviews (CDSR) 
and Central) databases at September 2017. The systematic search is provided in the 
supplementary material for the Medline search (S2). After merging the results of the three 
searches, all records were individually screened on title and abstract by two authors (MT 
and OvdH). Discrepancies were discussed and resolved by consensus, resulting in either 
in- or exclusion for full text screen.

Inclusion and exclusion criteria

Study inclusion criteria were as follows: 1) primary epithelial ovarian, fallopian tube, or 
peritoneal carcinoma, 2) patients treated with NACT-ICS, 3) FIGO stages IIB to IV, 4) residual 
disease categorized as complete (i.e. no macroscopic residual disease), optimal (i.e. largest 
diameter 0.1-1cm) and suboptimal (i.e. largest diameter >1cm) and 5) overall survival (OS) 
outcomes reported by the before mentioned categories of residual disease in patients that 
underwent NACT-ICS.

Data extraction

In case of multiple publications based on the same study cohort, the most relevant study 
(according to our inclusion criteria) was included. We extracted the following information 
for each eligible study; study design, year of publication, number of patients, % FIGO IIIC 
and IV patients, chemotherapy protocols, residual disease, median overall survival (mOS), 
5-year survival rates, and hazard ratio’s (HR) between complete, optimal and suboptimal 
cytoreductive surgery. Median survival and five-year survival rates were estimated from 
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Kaplan-Meier curves if they were not mentioned in the text. In case data were unavailable 
in the manuscript or supplementary files, we contacted the corresponding author of the 
study for additional data. 

Statistical analysis

mOS of patients from all studies was summarized based on the principle of a weighted 
average, where the number of patients of the study was leading in the weight of the 
analysis. Moreover, in most cox-regression analyses complete cytoreductive was selected 
as reference category. Since we were predominantly interested in the differences 
between optimal and suboptimal cytoreductive surgery, HR’s were recalculated with 
suboptimal surgery as new reference category. This was based on the following formula:  
((1/HRsuboptimal vs. complete) * HRoptimal vs. complete) = HRoptimal vs, suboptimal. Confidence intervals could not 
be calculated, so statistical significance could not be determined. 

Quality appraisal

Both reviewers (MT and OvdH) performed an independent assessment of the quality of 
all included studies. Retrospective cohort studies were assessed by the Newcastle Ottawa 
Scale (NOS) and RCTs were assessed by the Cochrane Risk of Bias Assessment tool16,17. 
Discrepancies were discussed and resolved by consensus. 

RESULTS

In total, 3,677 unique manuscripts were individually screened on title and abstract. 
Hereafter, we selected 83 studies for a full-text review, and 11 studies were eventually 
identified as eligible and were included in the present study (figure 1)5,6,18-26. We included 
two RCTs, and nine observational studies. Included patient numbers ranged from 61 to 460, 
and resulted in a total of 2,178 included patients. 

Quality appraisal of retrospective studies 

Based on the NOS scale, the quality of included retrospective cohort studies was high. 
The risk of selection bias was low in all studies, as consecutive patients were included in 
all studies. Comparability between groups differed among studies, and only two studies 
adjusted their survival analyses for both age and FIGO stage, being important prognostic 
factors for overall survival22,26. The assessment of outcome and length of follow-up was 
adequate in all studies, although only two of them reported on the loss to follow-up and 
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whether it was equal between groups18,20. Overall 7 out of 9 studies had a score of 7 or 
higher, and two studies had an overall score of 6 (S3). 

Records identified through database searching
(n=4,119)

Records screened 
(after duplicates were removed)

(n=3,667)

Full-text articles assessed for eligibility
(n=88)

Records excluded
(n=3,579)

Studies included in the systematic review
(n=11)

RCTs
(n=2)

Retrospective cohort studies
(n=9)

Records excluded (n=77)
- residual disease not defined to current definitions (n=33)

- survival not specified for residual disease (n=17)
- residual disease analysed for PCS and NACT-ICS together (n=20)

- other (n=7)

Figure 1: Systematic search of the current review

Quality appraisal of randomized studies

Based on the Cochrane Risk of Bias Tool, the quality of the two included RCTs was good. 
Both studies had a high risk of performance bias; as both patients and physicians were 
obviously aware of the chosen treatment (PCS or NACT-ICS) and blinding was impossible 
in both studies. This risk, however, did not influence the research question for this review 
as we only included patients of the NACT-ICS group. Risks of biases were scored as low (S4, 
S5). 

Study populations

Study characteristics are summarized in table 1. The vast majority of studies consisted of 
patients that were treated by either PCS or NACT-ICS, while two studies only included NACT-
ICS patients. The percentages of included NACT-ICS patients ranged from 20% to 67%. All 
studies included FIGO IIIC and IV patients, and the percentages of FIGO IV patients ranged 
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from 21% to 39%. Standard chemotherapeutic protocols consisted of a combination of 
carboplatin and paclitaxel. A total of 73% to 100% of patient populations was treated with 
this combination. Intraperitoneal chemotherapy was rarely used, but one study reported 
that 28% of their NACT-ICS patients received intraperitoneal chemotherapy, which was 
associated with improved survival in this study23.

Survival outcomes after NACT stratified by the amount of residual disease

mOS was summarized for all studies in figure 2 and table 2. Patients with no macroscopic 
residual disease had the most favorable survival in all studies. mOS after complete 
cytoreduction ranged from 33 to 54 months, and based on all studies the weighted 
average was 41 months. mOS of patients with an optimal cytoreduction ranged from 19 
to 38 months, and mOS of patients with a suboptimal result ranged from 14 months to 27 
months. The weighted average of mOS was 27 months for patients with 0.1-1cm of residual 
disease and 21 months with >1cm of residual disease. 
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Figure 2: Median overall survival of all studies included in the systematic review stratified by outcome 
of cytoreductive surgery. * P<0.05, NS non-significant, ? significance not mentioned in the paper, ** 
Median overall survival based on Kaplan-Meier curve

Six studies showed significant, or likely significant, differences between optimal and 
suboptimal cytoreductive surgery6,19,20,22,24,26, while five studies showed no differences5,18, 

21,23,25. Two studies directly compared survival between optimal and suboptimal outcomes 
after ICS and both found no significant differences between patients with 0.1-1cm and 
>1cm of residual disease18,25. Other studies did not compare suboptimal and optimal 
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outcomes, but chose patients with no macroscopic residual disease as reference category. 
Based on the effect of the recalculated hazard ratios (without confidence intervals), two 
additional studies probably found no differences between suboptimal and optimal surgery 
(HRoptimal 1.10 and 1.01 compared to suboptimal ICS, table 2)5,23. Other studies probably 
found survival differences between suboptimal and optimal surgery, with recalculated HRs 
ranging from 0.37 to 0.5822,24,26. Two of the latter studies adjusted their survival models for 
age and FIGO stage with similar results22,26. For the remaining studies, HRs could not be 
recalculated due to missing data in the original manuscript6,18-21. 

Table 2: Median overall survival and hazard ratios by outcome of cytoreductive surgery

 Median overall survival (months) Hazard	ratio

Complete Optimal Suboptimal Complete Optimal Suboptimal

Bian18 33 25 18 - - -
Colombo19 49 20 14 - - -
Fagö-Olsen20 37 25 19 - - -
Iwase21 * 45 19 19 - - -
Kehoe6 47 23 15 - - -
Markauskas22 33 28 25 0.53 0.48 reference

May23 * 41 31 27 0.70 1.10 reference

Muraji24 54 38 15 0.26 0.37 reference

Rosen25 * 38 27 26 0.56 0.79 reference

Rutten26 44 27 22 0.32 0.58 reference

Vergote5 ‡ 38 27 26 0.65 1.01 reference

Mean 41 27 21

* Median overall survival based on Kaplan-Meier curve ‡ Hazard ratio from univariable model, all others 
multivariable

DISCUSSION

In the current systematic review, we aimed to establish the prognostic effect of residual 
disease after NACT in advanced stage ovarian cancer patients. More specifically, we were 
interested if patients with ≤1cm of residual disease had a survival benefit over patients 
with >1cm of residual disease. The included studies showed variable results, although mOS 
seems to be lengthened by optimal cytoreduction compared to suboptimal cytoreduction. 
Nevertheless, it is clear that complete cytoreductive surgery results in the most favorable 
survival outcomes. 
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In an era of evidence-based medicine, it is remarkable that the therapeutic effect of surgical 
cytoreduction has never been studied in a RCT. The importance of cytoreduction to no 
macroscopic residual disease, however, has become widely accepted despite the lack of 
robust evidence from RCT’s. The landmark studies of Griffiths et al. and Hoskins et al., who 
showed that improved survival outcomes were obtained after minimizing the amount of 
residual disease, contributed to the key role of cytoreduction in the primary treatment of 
ovarian cancer patients4,13,27-29. Again, in the current review of the literature, patients who 
underwent a complete cytoreductive surgery had the most favorable prognosis. 
It is suggested that initial disease burden at diagnosis may be a more powerful determinant 
in the survival of ovarian cancer patients than the amount of residual disease after 
cytoreductive surgery30-32. This may be a reason to abandon radical surgical procedures such 
as diaphragmatic surgery and upper-abdominal organ resections, since extensive surgery 
may induce more severe morbidity and perhaps even mortality7,8. A large retrospective 
analysis of the GOG-182 study investigated the independent prognostic effect of disease 
scores in FIGO III and IV patients with no residual disease after cytoreductive surgery. 
This study confirmed that a high disease score at diagnosis, compared to patients with 
a low disease score at diagnosis, resulted in impaired survival, although both groups had 
no residual disease after surgical cytoreduction. The authors concluded that the amount 
of residual disease alone does not undo the survival impact of initial disease burden31. 
Another analysis of the same study population, however, showed that in patients with 
a high disease score, survival improved if complete cytoreduction was reached when 
compared to optimal surgical results33. So, although extent of the disease at diagnosis is an 
important prognostic factor for overall survival, it is not a valid argument to limit the efforts 
of achieving a complete surgical result. 
Other studies have questioned whether the outcome of surgical cytoreduction primarily 
reflects surgical skills or tumor biology30,32,34. A systematic review summarized the existing 
data of the relationship between biomarkers (such as protein expression, gene expression, 
copy-number alterations) and surgical outcomes35. There are some indications that tumor 
infiltrating lymphocytes, and specific gene profiles can predict surgical outcome35-37. The 
authors of the review, however, observed that the vast majority of studies used univariable 
statistical analysis, and if multivariable analysis was applied, most associations disappeared 
when incorporating confounders such as FIGO stage and histological subtype into their 
model. Moreover, even homogenous studies, consisting of advanced stage high-grade 
serous ovarian cancers, were unable to accurately predict surgical outcome38. So, although 
extensive disease and the possible interaction with tumor biology play a prognostic role 
in survival outcomes, it is not a definite predictor for successful surgery35,39. This finding 
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is confirmed in studies that showed improved outcomes improve if surgery was executed 
by expert gynecologic-oncologists in high-volume hospitals40,41. Moreover, hospitals that 
incorporated systematic performance of radical upper abdominal surgery into their 
institutions obtained even better surgical- and survival outcomes42-46. This suggests that 
surgical skill can partly compensate for initial disease burden and it pleads for radical 
aggressive surgery in advanced ovarian cancer, although surgical morbidity should be 
incorporated in treatment decisions. 
Earlier studies established that if complete cytoreductive surgery cannot be obtained, 
patients with ≤1cm of residual disease had a favorable prognosis over patients with >1cm 
of residual disease after PCS47-50. In the current study, we showed that the prognostic 
effect of optimal over suboptimal surgery is variable between the included studies after 
NACT. Based on the weighted average analysis, patients with an optimal surgical result 
experienced a median survival advantage of six months over suboptimal debulked patients. 
Although this finding suggests that optimal ICS may be a surgical goal, we propose that 
surgical resection of all residual lesions should be pursued to establish the most optimal 
prognosis, especially as there is no convincing evidence that optimal cytoreductive surgery 
actually establishes an independent improvement for overall survival. 
One of the possible explanations for the variable results may be the lack of initial surgical 
effort in patients with >1cm of residual disease, for example because gynecologists 
estimated that successful surgery was not feasible. It is likely that patients with no real 
effort to cytoreductive surgery experience decreased survival. The prognostic effect 
of initial effort has been demonstrated in randomized studies concerning second-look 
cytoreductive surgery (SCS). The study by van der Burg et al. randomized patients to SCS or 
no SCS after initial suboptimal PCS and three courses of subsequent chemotherapy. They 
found that the performance of SCS resulted in a median overall survival advantage of six 
months when compared to no SCS51. The consecutive randomized study of Rose, however, 
showed that SCS does not lengthen survival52. The main difference between the studies was 
the amount of residual disease present after the initial attempt to cytoreductive surgery 
(>5cm residual disease in 77% versus 43% of all patients), and reflects the initial attempt 
towards no residual disease51,52. It is unfortunately unknown if the selected studies in the 
current review included patients with an inadequate effort to cytoreductive surgery. 
Another possible explanation may be that the amount of residual disease has been 
interpreted variably between studies. The amount of residual disease is hampered by 
its subjective character, and it has been shown that gynecologists easily underestimate 
the amount of residual disease53-55. In particular, chemotherapy-induced fibrosis may 
increase the variability, since lesions that appear to be benign may still contain vital 
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tumor elements22,56. This results in insufficient surgery, and leads to an overestimation of 
patients who are successfully operated after NACT. The study of May et al. showed that 
intraperitoneal chemotherapy, most profound in case of no macroscopic residual disease, 
can improve overall survival when compared to standard intravenous chemotherapy23. This 
is in accordance to the recently published randomized study on the beneficial effect of 
hyperthermic intraperitoneal chemotherapy after NACT in the Netherlands57. The addition 
of intraoperative chemotherapy may eliminate microscopic disease, and therefore improve 
survival. 
In most other tumor types, such as colorectal or breast cancer, the success of surgery 
is based on radical or irradical resections. From a biological point of view, radicality as 
prognostic factor seems to be more argumentative than the amount of residual disease 
as it is currently defined for ovarian cancer. An optimal surgical result, defined as ≤1cm 
of residual disease in maximum diameter, comprises a variety of patients with possible 
differences in survival outcomes. An example is that patients with peritonitis carcinomatosis, 
and hence hundreds of minimal tumor spots, are categorized in the same group as patients 
with one spot of half a centimeter after surgical cytoreduction. The tumor volume of 
residual disease is therefore highly variable and the current definition may not represent 
true prognostic effects. 
Following the recognition that an increasing amount of residual disease limits survival, it 
seems reasonable that a cut-off in the amount of macroscopic residual disease for the 
entire population may be prognostically relevant, but it should not set goals for surgical 
outcomes in advanced ovarian cancer. The aim should be to remove as much of the tumor as 
possible. In order to adjust survival models for possible confounders, macroscopic residual 
disease (yes or no), response to NACT, surgical aggressiveness, initial disease burden, and 
tumor volume could be integrated into these models to predict survival outcomes more 
accurately. These aspects should therefore be incorporated in future studies to compare 
outcomes more easily.
The observation that survival outcomes after complete cytoreductive surgery are 
comparable between PCS and NACT-ICS, while they are different between optimal PCS 
and NACT-ICS, may be related to induced platinum resistance after NACT10. It is possible 
that an interruption in chemotherapy administration may give the remaining, still vital, 
tumor cells the chance to protect themselves against subsequent adjuvant platinum-based 
chemotherapy. The administration of six cycles of NACT followed by cytoreductive surgery 
with no subsequent post-operative chemotherapy, comparable to gastro-intestinal and 
breast cancer, might be one of the options to increase chemotherapy dose before surgery 
and to avoid an additional delay in chemotherapy administration.  



10

P RO G N O ST I C VA LU E O F R ES I D UA L D I S EA S E A F T E R N EOA DJ U VA N T C H E M OT H E R A PY | 201

There are a number of limitations in the current summary of the literature. Some studies 
were rather small, especially in their numbers of optimal and suboptimal cytoreductive 
surgeries, which limits their influence in the mOS rates for all studies combined. Moreover 
the natural selection for either PCS or NACT-ICS inherently influences survival, as the 
number of patients who were included in the studies and underwent NACT ranged between 
20% and 67%. And finally, the surgical skills of gynecologists-oncologist plays a prominent 
factor in achieving the best surgical result, and this varies between studies which makes the 
comparison more complex.  
Despite these limitations, we showed that patients with no residual disease after ICS 
experience the most favorable survival compared to patients with macroscopic residual 
disease. The additional prognostic effect of optimal versus suboptimal cytoreductive 
surgery probably lengthens survival but macroscopic residual disease of any diameter 
should not be the goal for cytoreductive surgery. Future prospective studies should include 
initial disease burden and extent of surgery to establish the prognostic effect of surgical 
outcome. 
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SUPPLEMENTARY MATERIAL
S1: PRISMA checklist

Section/topic	 # Checklist item Reported 
on page #

TITLE 

Title 1 Identify the report as a systematic review, meta-analysis, or 
both. 1

ABSTRACT 

Structured summary 2 Provide a structured summary including, as applicable: 
background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal and 
synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration 
number. 

2-3

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what 
is already known. 3

Objectives 4 Provide an explicit statement of questions being addressed 
with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS). 

3

METHODS 

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be 
accessed (e.g., Web address), and, if available, provide 
registration information including registration number. 

4

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) 
and report characteristics (e.g., years considered, language, 
publication status) used as criteria for eligibility, giving 
rationale. 

3-4

Information sources 7 Describe all information sources (e.g., databases with dates 
of coverage, contact with study authors to identify additional 
studies) in the search and date last searched. 

4

Search 8 Present full electronic search strategy for at least one 
database, including any limits used, such that it could be 
repeated. 

S2

Study selection 9 State the process for selecting studies (i.e., screening, 
eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

4

Data collection process 10 Describe method of data extraction from reports (e.g., 
piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 

4-5

Data items 11 List and define all variables for which data were sought 
(e.g., PICOS, funding sources) and any assumptions and 
simplifications made. 

4-5

Risk of bias in individual 
studies 

12 Describe methods used for assessing risk of bias of individual 
studies (including specification of whether this was done at 
the study or outcome level), and how this information is to 
be used in any data synthesis. 

5
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Section/topic	 # Checklist item Reported 
on page #

Summary measures 13 State the principal summary measures (e.g., risk ratio, 
difference in means). 5

Synthesis of results 14 Describe the methods of handling data and combining 
results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis. 

5

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect 
the cumulative evidence (e.g., publication bias, selective 
reporting within studies). 

5

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity 
or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified. 

5

RESULTS 

Study selection 17 Give numbers of studies screened, assessed for eligibility, 
and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram. 

5

Study characteristics 18 For each study, present characteristics for which data were 
extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations. 

6

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, 
any outcome level assessment (see item 12). 5-6

Results of individual 
studies 

20 For all outcomes considered (benefits or harms), present, for 
each study: (a) simple summary data for each intervention 
group (b) effect estimates and confidence intervals, ideally 
with a forest plot. 

Figure 2

Synthesis of results 21 Present results of each meta-analysis done, including 
confidence intervals and measures of consistency. N.A.

Risk of bias across studies 22 Present results of any assessment of risk of bias across 
studies (see Item 15). 5

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or 
subgroup analyses, meta-regression [see Item 16]). Table	2

DISCUSSION 

Summary of evidence 24 Summarize the main findings including the strength of 
evidence for each main outcome; consider their relevance 
to key groups (e.g., healthcare providers, users, and policy 
makers). 

7-10

Limitations 25 Discuss limitations at study and outcome level (e.g., risk 
of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias). 

7-10

Conclusions 26 Provide a general interpretation of the results in the context 
of other evidence, and implications for future research. 7-10

FUNDING 

Funding 27 Describe sources of funding for the systematic review and 
other support (e.g., supply of data); role of funders for the 
systematic review. 

10
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(((((“Ovarian Neoplasms”[Mesh]) OR (((ovar*[tiab] AND (neoplas*[tiab] OR cancer*[tiab] 
OR carcin*[tiab] OR tumor*[tiab] OR tumour*[tiab] OR metasta*[tiab] OR malig*[tiab] 
OR “Neoplasms”[Mesh])))) OR ((“Ovary”[Mesh] AND (neoplas*[tiab] OR cancer*[tiab] OR 
carcin*[tiab] OR tumor*[tiab] OR tumour*[tiab] OR metasta*[tiab] OR malig*[tiab] OR 
“Neoplasms”[Mesh]))))) AND (((((surg*[tiab] OR “Surgical Procedures, Operative”[Mesh])))) 
AND ((debulking[tiab] OR cytoreductive[tiab] OR debulking[tiab] OR cytoreductive[tiab])))) 
AND ((((“Neoadjuvant Therapy”[Mesh]) OR “Antineoplastic Agents”[Mesh]) OR 
((chemotherap*[tiab] AND (primary[tiab] OR neoadjuvant[tiab])))))

S2: Systematic search in Medline
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S4: Quality appraisal of the EORTC5 trial based on Cochrane Risk of Bias Assessment tool

Domain Qualification Additional	comments

Random	sequence	generation Low Use of a minimization technique to stratify for 
important predictors; such as institution,  FIGO 
stage and largest preoperative tumor size

Allocation	concealment Low Centrally performed at EORTC headquarters

Selective	reporting Low Study protocol is available as supplementary file at 
the NEJM site, and the outcomes are reported as 
intended

Blinding	of	participants	and	personnel High Patients and physicians are obviously aware of the 
allocated treatment

Blinding of outcome assessment Low No blinding of the outcome assessment, but this is 
not likely to influence the reported 
outcomes (OS is primary endpoint, and can hardly 
be influenced)

Incomplete outcome data Low In all analyses, the number of missing data are 
(mostly) equally distributed, and is clearly reported 
in tables and text (also in supplementary data)

Other	sources	of	bias Low No other biases detected

Total quality of RCTs Good quality Even	though	blinding	was	not	possible	in	this	
study,	it	is	unlikely	that	it	affected	the	main	
outcomes. 

S5: Quality appraisal of the CHORUS6 trial based on Cochrane Risk of Bias Assessment tool

Domain Qualification Additional	comments

Random	sequence	generation Low Use of a minimization method with a random 
element, and stratified according to center, largest 
tumor size, clinical FIGO stage and prespecified 
chemotherapy regimen

Allocation	concealment Low Centrally by telephone, in a 1:1 randomization

Selective	reporting Low Study protocol is available on the ISRCTN site, and 
the outcomes are reported as intended

Blinding	of	participants	and	personnel High Patients and physicians were obviously aware of 
the allocated treatment

Blinding of outcome assessment Low No blinding of the outcome assessment, but this is 
not likely to influence the reported outcomes (OS 
is primary endpoint, and can hardly be influenced)

Incomplete outcome data Low In all analyses, the number of missing data are 
(mostly) equally distributed, and are clearly 
reported. The number of patients with unknown 
residual disease, being the most important 
prognostic factor, is however rather high (8-9% in 
both groups)

Other	sources	of	bias Low No other biases detected

Total quality of RCTs Good quality Even	though	blinding	was	not	possible	in	this	
study,	it	is	unlikely	that	it	affected	the	main	
outcomes. 
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In the present chapter, the most important conclusions of this thesis are summarised. In 
part I we focused on the on differences in treatment patterns and survival outcomes. In 
part II we aimed to get insight into prognostic factors that affect clinical outcomes, and 
in the last part of this thesis, we highlighted the importance of patient selection for the 
primary treatment of ovarian cancer.

PART I: SURVIVAL AND TREATMENT OF PRIMARY OVARIAN CANCER 
IN THE NETHERLANDS

The vast majority of ovarian cancer patients is diagnosed with advanced stage disease. 
The combination of treatment consists of cytoreductive surgery and platinum-based 
chemotherapy. Over the last years, the timing of surgery became a subject of a heated 
debate, and neoadjuvant chemotherapy followed by interval cytoreductive surgery (NACT-
ICS) is nowadays a reasonable alternative to primary cytoreductive surgery (PCS) for 
patients with advanced stage disease (FIGO IIIC and IV). 
In chapter 2 we observed that more patients with advanced stage disease were treated 
according to contemporary guidelines with a combination of cytoreductive surgery and 
platinum-based chemotherapy (55% in 1989-1993 to 67% in 2009-2014). In addition, 
PCS was initially preferred as first-line treatment (65% in 2004-2008), while in the most 
recent period, NACT-ICS was more frequently used compared to PCS (57% in 2009-2014). 
Simultaneously, the outcome of cytoreductive surgery increased over time as well. Despite 
all these efforts in intensifying treatment, long-term survival has, however, not improved 
in the last 25 years. The lack of improvements in long-term survival urges us to put major 
efforts into improving cure rates for women with EOC. 
Comparable to other tumour types, centralisation of surgical care has  been proposed to 
improve surgical outcomes and, hence, survival rates for ovarian cancer. In chapter 3 we 
studied whether the hospital of diagnosis influenced the probability to surgical treatment. 
Centralisation of surgical care was initiated in two stages in the Netherlands. Firstly, 
registered gynaecological-oncologists were consulted to perform surgery together with 
regular gynaecologists in smaller hospitals. Secondly, a national consensus was reached 
to restrict the performance of surgery to hospitals which carried out a minimum of twenty 
cytoreductive surgeries on an annual basis. At baseline, the hospital of diagnosis was 
independently associated with the probability to surgical treatment. The first initiatives 
to centralisation already resulted in a decrease in hospital variation, although the initial 
hospital of diagnosis still significantly influenced treatment decisions. After a national 
consensus was reached, we observed no association between the initial hospital of 
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diagnosis and the likelihood to surgical treatment anymore. This finding underscores that 
centralisation does not only contribute to improved surgical outcomes, but also to a more 
coherent treatment policy across individual hospitals. 
In chapter 4 we aimed to describe treatment variation and its effect on patient outcome 
between geographical regions in the Netherlands. Overall, the percentage of patients that 
received no therapy did not differ between the geographical regions, while the percentage 
of patients that received chemotherapy in combination with cytoreductive surgery did 
differ significantly (range 61-71%). In addition, the use of PCS and NACT-ICS differed 
significantly between regions and could not be (fully) explained by differences in patient 
populations (PCS: 24-48%, NACT-ICS: 44-70% and PCS+NACT-ICS: 5-13%). Moreover, the 
probability of complete cytoreductive surgery was significantly associated with treatment 
region, even when accounting for possible confounders (including treatment sequence). 
This variation resulted in survival differences between geographical regions for patients 
that received either PCS or NACT-ICS. Survival of patients was the lowest in the region with 
the lowest number of complete cytoreductive surgeries. However, when all patients were 
analysed together (including those with no or limited therapy), survival was comparable 
between all regions. Patient selection to those who benefit from cytoreductive surgery and 
chemotherapy may explain this discrepancy, and this selection process may differ between 
regions.

PART II: PROGNOSTIC FACTORS THAT AFFECT SURVIVAL IN OVARIAN 
CANCER PATIENTS

The outcome of cytoreductive surgery is one of the most important factors for prolonged 
overall survival, while it is hampered by the surgeons’ intraoperative assessment and 
therefore subject to inter- and intra-observer variability. In chapter 5 we searched for 
an objective prognostic factor to predict survival outcomes of patients who underwent 
PCS more accurately. We showed that the relative perioperative decline in CA125 is an 
independent prognostic factor for prolonged overall survival. This prognostic effect was 
also observed in patients with the same amount of residual disease, suggesting the need 
for a complementary model to predict clinical outcome more accurately in advanced 
ovarian cancer patients.
To prolong survival in advanced ovarian cancer, adjuvant chemotherapy is recommend 
after both primary and interval cytoreductive surgery. Currently, there is no advise about 
the optimal time interval between cytoreductive surgery and subsequent platinum-based 
chemotherapy. It is assumed that commencement of adjuvant chemotherapy should 
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be initiated as soon as possible, as this may prevent early tumour growth within the 
before mentioned time interval. In chapter 6 we showed, predominantly after complete 
cytoreductive surgery, that delayed initiation of chemotherapy was associated with 
impaired overall survival after both PCS and NACT-ICS. Consequently, we advise to start 
adjuvant chemotherapy within the first five to six weeks after cytoreductive surgery.
The FIGO staging system was updated in 2014. This new classification distinguishes 
between patients with malignant pleural effusion (FIGO IVa), and patients with all other 
(extra)abdominal metastases (FIGO IVb). In chapter 7 we found that this new classification 
did not provide additional prognostic information, as survival was similar between FIGO 
IVa and FIGO IVb patients. Patients with extra-abdominal lymph node metastases as only 
site of distant disease, however, had the most favourable survival of all FIGO IV patients, 
and may suggest the need for another FIGO classification. In addition, we showed that 
NACT-ICS is probably the preferred treatment approach in FIGO IV patients. We observed 
comparable survival rates between PCS and NACT-ICS. and other studies already showed 
that postoperative complications were lower after NACT-ICS. However, we may have 
identified a subgroup of selected patients that may benefit from PCS over NACT-ICS. In a 
sensitivity analysis that excluded patients that died shortly after PCS in order to overcome 
immortal time bias, a more favourable outcome was observed in patients with FIGO IVa 
disease. Unfortunately, the number of FIGO IVa patients who underwent PCS is limited 
in our cohort. Moreover, PCS can only be beneficial if patients that die shortly after this 
extensive procedure could be identified pre-operatively. 

PART III: OPTIMISING PATIENT SELECTION FOR PRIMARY SURGERY 
OF CHEMOTHERAPY 

In chapter 8 we evaluated the current opinions of Dutch gynaecologists and medical 
oncologists. In total 167 participants responded to our survey. Among the responders, 82% 
and gynaecologists and 93% of medical oncologists adopted NACT-ICS as an alternative 
treatment approach. Moreover, even 62% of medical oncologists preferred NACT-ICS to PCS 
as first line treatment, while only 33% of gynaecologists preferred NACT-ICS. The decision 
to schedule patients for PCS seems to depend on the probability of successful surgery in 
the primary setting. This emphasises the great importance of our selection processes to 
ensure that every patient undergoes the most optimal treatment.
It is thought that survival outcomes of advanced ovarian cancer patients can be improved 
through optimal patient selection. Observational data suggest that patients with no 
residual disease after PCS have the best survival outcomes compared to all other treatment 
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groups. The decision to schedule patient for PCS is therefore, among others, based on the 
probability to complete cytoreductive surgery. However, it is well known that predicting the 
outcome of surgery is inaccurate. Therefore, we developed a prediction model to estimate 
the probability to achieve no macroscopic residual disease at primary surgery for advanced 
ovarian cancer patients (FIGO IIIC and IV) in chapter 9. This model was based on simple 
baseline characteristics and may improve patient selection in clinical daily practice after 
external validation of our model. 
The probability to complete cytoreductive surgery increases after NACT, while this does 
not translate into prolonged survival rates. Moreover, randomised data suggest that 
there is no difference between optimal (0.1-1.0 cm of residual disease) and suboptimal 
(>1cm of residual disease) cytoreductive surgery after NACT. This indicates that the 
prognostic effect of surgical outcomes is different when NACT is applied. In chapter 10, 
we summarised the currently available literature about the prognostic effect of surgical 
outcomes after NACT-ICS. We observed that patients with no residual disease after NACT-
ICS had the best survival rates, comparable to PCS. The prognostic effect of optimal versus 
suboptimal cytoreduction, however, varied between the included studies. Based on a 
weighted average analysis, a six-month survival advantage was observed in case of an 
optimal outcome compared to a suboptimal outcome. The additional prognostic effect of 
optimal versus suboptimal cytoreductive surgery probably lengthens survival in the whole 
population, but macroscopic residual disease of any diameter should be avoided during 
interval cytoreductive surgery.
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In this thesis, we aimed to gain insight into factors that affect clinical outcomes of advanced 
ovarian cancer patients. In the present chapter, observed outcomes and future perspectives 
are discussed. 

PART I: SURVIVAL AND TREATMENT OF PRIMARY OVARIAN CANCER 
IN THE NETHERLANDS

The prognosis of most cancer patients steadily increased over the last years, and is a result 
of different strategies1. First of all, prevention or early diagnosis are important factors to 
improve prognosis. A risk-reducing bilateral salpingo-oophorectomy reduces the risk of 
ovarian cancer with 85-95% in BRCA mutation carriers2. The lifetime risk to develop ovarian 
cancer in the general population, however, is rather low (1.3-2.0%), and explains that risk-
reducing surgery is not effective in the general population3-5. The use of oral contraceptive 
pills is associated with a slight decrease in the incidence of ovarian cancer, while it has also 
been reported that the likelihood to develop breast cancer increases with longer use of oral 
contraceptives6-8. The possibility to prevent the development of ovarian cancer is therefore 
limited, while early diagnosis may also contribute to improved prognosis. Early diagnosis 
can be established through screening programs. They are implemented if they meet a 
number of essential criteria, such as an evidence-based decline in mortality rates9,10. In the 
Netherlands, screening programs are implemented for breast-, cervical- and more recently 
also for colorectal cancer. The effectiveness of these programs is, among others, based on 
the ability to detect precursor lesions, such as cervical intraepithelial neoplasia (CIN) in the 
cervical screening program. The early detection of ovarian cancer, however, is complex and 
extensive efforts have failed to conduct an (cost)effective screening program11-13. Due to 
the aggressive nature of epithelial ovarian cancer, most pronounced in high grade ovarian 
cancer, screening in the general population is currently an ineffective strategy to decrease 
mortality rates for this patient population14. 
Other factors that contributed to better outcomes of cancer patients in general are the 
improved treatment modalities, in which surgery, radiotherapy and systemic therapy are 
increasingly combined to be as effective as possible. For ovarian cancer, the combination 
of surgical treatment and platinum-based chemotherapy has been the standard of care 
since the mid 1990’s. In chapter 2, we observed an increasing proportion of patients 
that received optimal treatment according to contemporary standards. Although this 
improvement in treatment resulted in better surgical outcomes, and prolonged disease 
control, we observed no improvement in long-term survival. Therefore, cure rates remain 
unfortunately as dismal as thirty years ago. This finding underscores the importance 



224 | CHAPTER 12

of gaining insights into treatment patterns and outcomes in our general population to 
ultimately improve clinical outcomes for ovarian cancer patients. 

Next to platinum-based chemotherapy, surgical treatment is essential in the curative 
treatment of patients with ovarian cancer. Over the last years, a trend towards centralised 
oncological surgical care is observed in a variety of tumour types, especially in those 
tumours that are relatively rare and require complex surgical procedures. Several studies 
have consistently demonstrated that the outcome of complex surgical procedures improve 
if they are performed in high-volume hospitals by experienced surgical teams15,16. As such, 
surgical volume norms were introduced for pancreatic-, oesophageal- and stomach cancer 
in the Netherlands17-19. After a gradual centralisation process, cytoreductive surgery for 
ovarian cancer is nowadays also limited to those centres that perform a minimum of twenty 
cytoreductive surgeries annually in the Netherlands. 
Ovarian cancer is an uncommon tumour type (1,300 newly diagnosed patients yearly), 
especially when compared to invasive breast- (14,500 patients yearly) and colorectal 
cancer (15,000 patients yearly)4. Due to its relative rare occurrence, clinical experience is 
expected to differ considerably across hospitals. Centralisation aims to increase the annual 
case-load in expert centres, which results in further reduction of clinical experience in 
non-expert centres. Ovarian cancer patients, however, are diagnosed in all Dutch hospitals 
regardless of their experience in treating ovarian cancer. On the premises of adequate 
referral, optimal surgical care should not depend on the hospital where the initial 
diagnosis is made. In chapter 3, we describe a steady decrease in the number of hospitals 
that perform surgery for ovarian cancer, and an ensuing increase in the mean annual case 
load in the remaining hospitals following formal centralisation. In the early days after 
centralisation, the hospital of diagnosis still impacted treatment variation, but this variation 
diminished after a national consensus on surgical volume norms was formed. In other 
tumour types, it has been observed that centralisation was associated with increasing 
treatment differences between surgical and non-surgical diagnosing hospitals20,21. This 
effect was, however, not observed for ovarian cancer. One of the explanations for the 
decrease in treatment variation, may be the introduction of (regional) multidisciplinary 
tumour board meetings. In such a meeting, all patients are discussed before the initiation 
of primary treatment with a variety of experts, such as gynaecological-oncologists, 
medical-oncologists, radiologists and pathologists. This may have resulted in a more 
coherent treatment policy across individual hospitals, as all patients are discussed in the 
same meeting. So, nowadays the decision to operate patients seems mainly attributable 
to patient and tumour characteristics, which supports the growing evidence in favour of 



D I S C U S S I O N | 225

12

centralising (surgical) treatment for a complex and heterogeneous disease such as ovarian 
cancer.

Centralisation of surgical treatment aims to improve the surgical outcomes, and hence 
survival outcomes of ovarian cancer patients. An improvement in surgical outcomes 
was observed in the most recent years (chapter 3 and chapter 4). On the one hand, 
centralisation may play a role in this phenomenon, as more specialised gynaecological-
oncologists operated on these patients in surgical-centres. As a consequence, their annual 
case load increased and may also explain improved surgical outcome. On the other hand, 
the introduction of neoadjuvant chemotherapy (NACT) was an important alteration in 
the treatment of ovarian cancer. A considerable number of patients is diagnosed with 
extensive disease, which is a limiting factor in achieving an optimal surgical result. NACT 
aims to reduce intra-abdominal tumour load, and is therefore associated with a higher 
number of complete cytoreductive surgeries22. So, by treating more patients with NACT, 
an improvement in surgical outcomes is expected in addition to centralisation effects. 
Finally, and this should not be overlooked, patient selection to those who undergo surgery, 
strongly influences surgical outcomes as well. In an extreme setting, if we only select those 
patients with the lowest tumour burden, and best performance status for cytoreductive 
surgery, our surgical success rates would increase massively, without actually improving 
our standard of care for the whole population. Therefore, it is of paramount importance to 
stratify patients to the adequate treatment option and ensure high quality surgical care for 
the entire population.
We observed a decrease in the number of patients that underwent an attempt to surgery 
between 2008 and 2015 (chapter 3 and chapter 4). Despite this decrease in surgically 
treated patients, overall survival in our whole population (including those with limited 
or no therapy) remained stable, while survival rates improved in our surgically treated 
patients. This is an indication that patient selection to those who actually benefit from 
surgery may have improved. Cytoreductive surgery is an extended procedure, with a 
high probability towards surgical complications and even postoperative mortality. Factors 
that were associated with abstaining surgical treatment were patients’ age and disease 
stage at diagnosis. The probability towards surgical complications is higher in patients 
with extended disease, as more radical surgical interventions are necessary to achieve 
an optimal result23-25. Moreover, elderly patients have a higher likelihood of perioperative 
morbidity26,27. As such, not every patient may benefit from surgery in terms of prolonged 
survival, and by operating on them there is a possibility of only harming these patients. 
This underscores the importance of providing adequate treatment to our weakest and 



226 | CHAPTER 12

most fragile group of the population. Shared-decision making, and an increasing age at 
diagnosis, may result into even more patients that renounce any form of treatment. In itself 
it is not undesirable that well-informed patients balance the advantages and disadvantages 
for such an extensive treatment plan, but we should ensure that we further improve 
viable (palliative) treatment options for these patients as well. Improving postoperative 
rehabilitation services, and minimal invasive surgical techniques are essential for improving 
quality of life, and deserve our unconditional attention. The effectiveness of these new 
minimal invasive surgical procedures should be thoroughly evaluated, so that patients 
safety is guaranteed28. 

Survival of ovarian cancer patients that are treated with the combination of surgery and 
chemotherapy largely depends on the ability to reduce abdominal tumour load during 
primary treatment29,30. Dutch patients are treated within eight geographical regions, and 
although no differences were present between individual hospitals on the probability 
towards surgical treatment (chapter 3), there may still be differences between geographical 
regions. The number of patients that underwent no therapy at all was similar between 
regions, while significant variation existed in the used treatment sequences (primary 
cytoreductive surgery (PCS) versus NACT and interval cytoreductive surgery (ICS) across 
geographical regions (chapter 4). Possible explanations include the fact that (inter)national 
guidelines support both treatment strategies, and the differences between regions in local 
preferences for either PCS or NACT-ICS31-34. 
Complete resection of all macroscopic disease, independent of the timing of cytoreductive 
surgery, is the main objective for surgery in advanced ovarian cancer patients. The outcome 
of cytoreductive surgery differed greatly between regions, even if we adjusted our analyses 
for the timing of surgery. Variation in oncological care is not necessarily undesirable, 
since physicians should be able to adjust treatment to individual patients. It is, however, 
questionable why such an important prognostic factor varies to this extent between 
oncological regions. Especially since it seems to affect survival outcomes of those patients 
that underwent PCS or NACT-ICS. We observed the lowest survival outcomes of surgically 
treated patients in the region with the lowest number of complete cytoreductive surgeries 
(chapter 4). This did not, however, negatively affect survival outcomes of the entire 
population (including those with no or limited therapy) in the specific region compared 
with other regions. Patient selection to those who actually benefit from successful surgery 
may play a role in this discrepancy. 
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The most important factors that affect the outcomes of surgery, are disease burden and 
the expertise of the surgical team. As the disease burden is hardly amendable, surgical 
expertise plays an important role in clinical outcomes. The EORTC trial of Vergote et al. 
showed, that the number of complete cytoreductive surgeries were the lowest among 
Dutch gynaecologists, while the number of optimal surgeries were similar when compared 
to other countries35. Although these surgeries were performed between 1998 and 2006, 
this may be an indication that surgical expertise could be optimised in the Netherlands. 
In more recent periods, a substantial increase in the number of patients with no residual 
disease after PCS has been observed (25% in 2008-2009 to 55% in 2014-2015, chapter 4). 
This is similar to other countries, where complete PCS is achieved in 19-65% of patients36-40. 
We should, however, be careful in comparing these outcomes since the number of patients 
that undergoes NACT-ICS in the Netherlands is increasing up to 70%. As stated before, if we 
only select those patients for PCS that have the lowest tumour burden, actual improvement 
has not been accomplished. In international literature is has been suggested that PCS 
is possible in up to 85% of the cases41. Since this is accompanied with a considerable 
number of suboptimal cytoreductions, the number will probably be lower but it remains 
questionable if 70% of our patients are unfit for successful PCS. In Germany for example, 
only 11% of patients undergoes NACT-ICS, and the number of complete cytoreductive 
surgeries is comparable (59%) to the Dutch outcomes39.

A stricter implementation of surgical volume norms for hospitals, or even for individual 
gynaecologists, has been proposed to further improve surgical outcomes42. We showed 
that only 69% of the Dutch hospitals met the minimal requirement of twenty debulking 
surgeries annually in 2015 (chapter 3). It has, however, been recognised that surgical 
volume norms are an imprecise measure of healthcare quality, as volume probably acts as 
a proxy for other factors that are also associated with surgical outcomes43-46. An example of 
such a confounder may be the access to other surgeons during cytoreductive surgery, such 
as colorectal surgical oncologists or hepatobiliary surgeons. They are extensively trained in 
upper abdominal surgery, and are therefore more often capable to safely obtain resections 
of liver metastasis, diaphragmatic- and peritoneal disease. These collaborations may be 
more present in high-volume specialised centres, which underscores why centralisation of 
surgical care results into favourable clinical outcomes for ovarian cancer patients. Evaluation 
of those explaining factors may be helpful to improve quality of (surgical) oncological care, 
and hence to increase the number of complete cytoreductive surgeries. 



228 | CHAPTER 12

PART II: PROGNOSTIC FACTORS THAT AFFECT SURVIVAL IN OVARIAN 
CANCER PATIENTS

In treating cancer patients, it is important to provide realistic information about patients’ 
treatment outcomes. Not only to determine the most optimal treatment plan, but also 
to adjust patients’ expectations of their personal prognosis instead of mean survival 
outcomes. From earlier studies we learned that the outcome of cytoreductive surgery is 
one of the most important prognostic factors, and defines survival for individual patients. 
This prognostic factor is however hampered by its subjective character and does not 
account for the number of residual lesions47-49. Therefore, it is important to search for new 
prognostic factors that can predict patients’ prognosis more accurately. We showed that 
the relative perioperative CA125 decline is an independent prognostic factor for clinical 
outcomes in patients who underwent upfront cytoreductive surgery (chapter 5). CA125 is 
an objective measure, and accounts for the change in tumour volume which may explain 
its additional value. Future research is, however, necessary to determine the ideal timing 
of CA125 measurements during treatment, and to develop an easily accessible nomogram 
that could be used in daily clinical practice. Moreover, when combined with serum human 
epididymis protein 4 (HE4), the prediction of survival could be further optimised50. 

Realistic prognostic information is important for individual patients, but in case of 
modifiable prognostic factors, a gain in knowledge can actually induce improvements 
in survival for patient groups. In patients that undergo (interval) cytoreductive surgery, 
adjuvant chemotherapy is recommended to eliminate residual (microscopic) disease, and 
hence to improve clinical outcomes. Currently, there is no data available about the optimal 
time interval between surgery and subsequent chemotherapy. We observed that patients 
with a delayed initiation of adjuvant chemotherapy, defined as >37 days, experienced 
impaired overall survival compared to patients with an intermediate time interval (chapter 
6). This was most pronounced in patients with no residual disease after surgery. Although 
we recognise that delaying chemotherapy is caused by postoperative complications and is 
more common in the elderly population, adjustment of our models for these confounders 
did not undo the independent effect. Consequently, survival outcomes may improve if 
adjuvant chemotherapy is administered within the first five to six weeks after cytoreductive 
surgery.

Initial disease burden, and therewith FIGO stage, influences therapy response and is an 
important prognostic factor. About 12-33% of patients is diagnosed with extra-abdominal 
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disease during the initial presentation (FIGO stage IV disease). In the majority of these 
patients, FIGO stage IV disease is based on malignant pleural effusion (30-60%). Other 
common sites are parenchymal liver metastases (10-25%) and extra-abdominal lymph 
node metastases (5-40%)51-54. Due to the heterogeneity of FIGO stage IV disease, and 
possible survival differences, the FIGO classification was altered in 2014 and resulted in 
a sub-classification of FIGO IVA and IVB. Patients with pleural malignant effusion as only 
site of distant disease are now classified as FIGO IVA, and all other sites of distant disease 
are classified as FIGO IVB. In chapter 7 we showed this renewed sub-classification does 
not provide additional prognostic information, as survival was similar between FIGO stage 
IVA and IVB disease. Patients with extra-abdominal lymph node metastases as only site 
of distant disease, however, experienced improved survival compared to all other FIGO 
IV patients. The latter is confirmed in other studies55-57. Moreover, it is in concordance 
with the new distinction in FIGO III patients, where patients with regional lymph node 
metastases as only sign of advanced stage disease, are nowadays classified as FIGO stage 
IIIA instead of FIGO stage IIIC58-60. These findings suggest that the FIGO classification should 
be revised. We propose a sub-classification in which patients with extra-abdominal lymph 
nodes should be considered as a separate group of FIGO IV patients, or even as FIGO III 
patients. 

PART III: OPTIMISING PATIENT SELECTION FOR PRIMARY SURGERY 
OR CHEMOTHERAPY 

Throughout this thesis, we focussed on clinical outcomes for advanced stage EOC patients. 
Currently, there is a lively debate about the optimal timing of surgery for advanced ovarian 
cancer patients. The use of NACT-ICS increased over the last years in the Netherlands, up 
to 73% in 2014-2015 in FIGO IIIC and IV patients (chapter 4). The uptake of this treatment 
sequence varies widely between hospitals, and this cannot be explained by differences in 
patient populations. To that extent, we conducted a survey study in which we evaluated 
the current opinions of gynaecologists and medical-oncologists about the optimal timing 
of cytoreductive surgery for this patient group. The majority of respondents adopted NACT-
ICS as an alternative treatment approach, which is illustrated by the use of NACT-ICS for the 
majority of advanced ovarian cancer patients in the Netherlands. Moreover, the majority of 
medical-oncologists even prefer NACT-ICS over PCS, while gynaecologists still more often 
opt for PCS as first line treatment (chapter 8). This study is therefore a perfect illustration of 
the ongoing discussion about the results of the randomised clinical trials (RCTs) regarding 
this subject. 
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The results of the RCTs that compared PCS and NACT-ICS showed that survival outcomes 
of NACT-ICS were non-inferior to PCS35,61. Importantly, perioperative morbidity was 
significantly lower after NACT-ICS, with similar quality of life after one year24,35,61,62.  These 
results may suggest that NACT-ICS is therefore the preferred treatment for advanced stage 
ovarian cancer patients. Evidence-based medicine considers RCTs as the gold standard to 
establish the best treatment option. However, the most important limitation of an RCT is 
that the results are only generalisable to those patients that are represented in the study 
population. Both published studies were critically evaluated, and patient selection may be 
one of the explaining factors for the observed effects.  
First of all, median overall survival was surprisingly low in both studies, predominantly in 
the PCS arms (23 months61 and 30 months35). A recent meta-analysis showed an average 
median survival of 43 months after PCS, including those patients with residual disease of 
>1cm after cytoreduction36. The survival rates were more comparable for patients who 
underwent NACT-ICS, being 2461 and 2935 months in the RCTs, and 33 months in the same 
meta-analysis36. Although this meta-analysis was based on retrospective studies, and 
therefore complicates the comparison between PCS and NACT-ICS due to confounding by 
severity, it is striking that the PCS arm performs considerably better in retrospective series 
compared to RCT data. This, in combination with the published baseline characteristics, 
seems to indicate that only patients with very advanced stage disease were included. 
Another major limitation of the currently published randomised studies is that the surgical 
results were rather unsatisfiable, as only 21%61 and 34%35 had no residual disease after 
either PCS or ICS. This is reflected by the shorter than expected operating times in both 
trials, and explains the low survival rates in both studies. All taken together, it seems 
that the patient populations in both trials were skewed towards those patients with a 
high likelihood to macroscopic residual disease after upfront cytoreductive surgery. And 
even the most profound advocates of PCS agree that suboptimal PCS does not contribute 
to improved survival63. So, patients with very advanced stage ovarian cancer and a low 
likelihood towards complete cytoreductive surgery are probably better served by NACT-
ICS. This seems to be confirmed by the unpublished SCORPION trial, in which patients 
with a high disease score (based on laparoscopy) were randomised between NACT-ICS 
and PCS. Again, in this trial, survival was similar between both treatment sequences and 
postoperative complications were lower after NACT-ICS62,64.
Patients with FIGO stage IV disease may represent another subgroup in which NACT-ICS 
may be the preferred treatment approach. The beneficial effect of cytoreductive surgery 
remains questionable if >1cm of residual disease has been left after surgery40,52. In case of 
extra-abdominal disease of >1cm at initial diagnosis, NACT provides insight in which patients 
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cytoreductive surgery can be beneficial. In case of no response or progression during NACT, 
surgery should probably be omitted. Moreover, we observed that survival outcomes in 
patients with FIGO stage IV disease were comparable between PCS and NACT-ICS (chapter 
7). In retrospective studies, confounding by severity plays a role when the outcomes of PCS 
and NACT-ICS are compared. Patients that are selected for PCS are probably diagnosed with 
a lower tumour burden and a higher probability towards complete cytoreductive surgery. As 
this favourable prognosis does not translate into better survival rates for patients with FIGO 
stage IV disease, PCS might not be the preferred treatment for these patients. Although 
the majority of patients underwent NACT-ICS in our population, we observed a possible 
survival advantage for patients diagnosed with malignant pleural effusion when they were 
treated with PCS. This was observed in a matching-criterion analysis to overcome immortal 
time bias, in which patients were excluded that died shortly after PCS65. Pleural malignant 
effusion might be caused by pleural metastases, or by trans-diaphragmatic migration of 
malignant cells through pleuroperitoneal communications. The latter usually responds well 
to adjuvant chemotherapy, and this might be a selection of FIGO IV patients that may be 
better served by PCS66. As the number of patients that underwent PCS was limited in our 
series, this finding needs to be confirmed in prospective studies. 
Next to highly selected FIGO IV patients, observational data suggest that a specific 
subpopulation of advanced ovarian cancer patients still benefits from PCS over NACT-
ICS41,67-70. This beneficial effect is most pronounced in patients with no macroscopic residual 
disease after upfront cytoreductive surgery, where median survival can be improved up to 
72 months36,41,71. This leads to the question how we can identify this subgroup in order to 
select those patients that benefit from this radical procedure. 

The prediction to achieve a complete cytoreductive surgery is most often based on 
imaging techniques, predominantly CT scans, but this seems to be an inaccurate method 
to establish the resectability of ovarian cancer72-74. Specific disease details, such as 
miliary spread, and the extent of intra-abdominal disease could be well established by 
diagnostic laparoscopy prior to cytoreductive surgery. The Dutch LAPOVCA trial showed 
that the number of futile laparotomies, i.e. suboptimal PCS, decreases when diagnostic 
laparoscopy is used in patients where PCS was deemed feasible (≤1cm residual disease) 
by conventional diagnostic workup75. This trial exemplifies that prediction of the outcome 
of surgery is unreliable, as only 53% of patients had an optimal surgical result, and 36% 
had no residual disease after the initial attempt to upfront PCS (with or without diagnostic 
laparoscopy). Moreover, the use of diagnostic laparoscopy does not ensure successful PCS, 
as false negative results range between 4-30%76. In addition, the development of port-
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site metastases (16-47%), can be a risk for additional perioperative morbidity and more 
complex subsequent cytoreductive surgery40,77,78. Therefore, it is of the utmost importance 
to select those patients that have the highest chances to successful PCS, without exposing 
the whole population to the downsides of an invasive diagnostic procedure. A preoperative 
clinical prediction model based on simple baseline characteristics was therefore developed 
and internally validated on a large population-based dataset (chapter 9). The performance 
of the model is highly dependent on the chosen threshold for a positive test, and this 
probably varies between advocates of PCS and NACT-ICS. Nevertheless, after external 
validation, the implementation of a preoperative prediction model could be helpful in the 
process of shared-decision making where risk and benefits are more quantifiable for both 
physicians and patients. Moreover, it can help to select those patients in which diagnostic 
laparoscopy can contribute to the decision-making process.

Throughout this thesis, we focused on the outcome of surgical cytoreduction. The 
probability of no macroscopic residual disease is higher after NACT-ICS, but this does 
not translate into favourable survival rates. This indicates that the prognostic effect of 
surgical outcomes is different after NACT. Moreover, the randomised EORTC trial showed 
that there was no survival difference between patients with an optimal (0.1-1cm residual 
disease) versus a suboptimal result (>1cm residual disease) after NACT-ICS35. Therefore, we 
performed a systematic review in which we summarised the currently available literature 
about the prognostic effect of surgical outcomes after NACT-ICS (chapter 10). Again, we 
observed that patients with no residual disease after cytoreductive surgery had the best 
survival rates. The prognostic effect of optimal versus suboptimal cytoreduction, however, 
varied between the included studies35,61,79-87. Based on a weighted average analysis, a six-
month survival advantage was observed in case of an optimal outcome compared to a 
suboptimal outcome. Following the recognition that an increasing amount of residual 
disease limits survival, it seems reasonable that a cut-off in the amount of macroscopic 
residual disease for the entire population may be prognostically relevant. As mentioned 
before, the assessment of residual disease is subjective and varies between gynaecological-
oncologists, which may be one of the explaining factors for the observed results. In addition, 
after NACT, assessing the amount of residual disease is even more complex. Several studies 
showed that chemotherapy-induced fibrosis may lead to insufficient surgery, as lesions 
that appear to be benign may still contain vital tumour. Therefore, potentially resectable 
disease will not be removed and this inherently has a negative impact on survival. This may 
explain why the apparent better outcomes after NACT-ICS do not translate into prolonged 
survival compared to PCS.
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The concept of NACT could potentially be optimised. The most commonly mentioned 
downside of NACT-ICS is the increased probability to platinum resistance, which may 
be related to the time interval between the third pre-operative course, and fourth post-
operative course. One could imagine that an interruption in chemotherapy administration 
may give the remaining, still vital, tumour cells the chance to protect themselves against 
subsequent adjuvant platinum-based chemotherapy. The administration of six cycles of 
NACT followed by cytoreductive surgery with no subsequent post-operative chemotherapy, 
comparable to gastro-intestinal and breast cancer, might be one of the options to increase 
the chemotherapy dose before surgery and to avoid an additional delay in chemotherapy 
administration. In addition, the concept of hyperthermic intra-peritoneal chemotherapy 
(HIPEC) has been proven to be effective in Dutch ovarian cancer patients. The OVHIPEC 
study showed a median survival advantage of twelve months with ICS + HIPEC compared 
to ICS alone in FIGO stage III ovarian cancer patients with complete or optimal NACT-ICS88. 
The use of HIPEC after six cycles of NACT and successful cytoreductive surgery may possibly 
be an alternative in order to avoid additional post-operative chemotherapy. Moreover, 
postoperative (immune)therapeutic options will probably expand in the upcoming years 
and will give additional options to subsequent therapy after cytoreductive surgery in the 
primary treatment for ovarian cancer patients89. 

FUTURE PERSPECTIVES

Over the last decades, we seem to have focused on surgical outcomes as the holy grail to 
improve survival of ovarian cancer patients. Although we showed that surgical outcomes 
improved, whether caused by centralisation, the introduction of NACT-ICS or more extensive 
surgery, the cure rate did not substantially improve over the last 25 years. As a result, there 
is an unmet need for more effective treatment options for our general population. On the 
other hand, it is widely accepted that the current ‘one size fits all’ approach is inefficient, 
and improved patient selection is key in developing effective future-proof treatment 
strategies.
Tumour heterogeneity, even within the same histological subtype, may be responsible for 
the varying outcomes between patients with apparent similar baseline characteristics. The 
majority of advanced stage ovarian cancer patients is diagnosed with high grade serous 
ovarian cancer (HGSOC). With the exception of BRCA1/2, and ubiquitous TP53 mutations, 
other mutations are relatively uncommon in HGSOC90. Instead, the development of HGSOC 
is driven by structural genomic variation and results in a high density of copy number 
alterations91,92. 
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In about 50% of all HGSOC, there is evidence of mutational and functional inactivation 
of the homologous recombination (HR) DNA repair pathway91,93. The other half of HGSOC 
is poorly characterised, but a subset of these tumours have an amplification of Cyclin 
E1 (CCNE1), which is associated a higher likelihood towards platinum resistance, and 
therewith poor survival93-96. Moreover, it has been suggested that HR deficient tumours 
and CCNE1 amplification are nearly mutually exclusive90,93. The origin of HR deficient 
tumours is for a substantial number of patients based on the previously mentioned BRCA 
mutations, either germline or somatic90,91,97. Normally, double stranded DNA breaks are 
recognised and repaired by the BRCA protein. HR deficiency plays an important role in 
platinum sensitivity, and explains the favourable survival of patients with a BRCA mutated 
tumour98-101. Moreover, HR deficiency serves as rationale for the effectiveness of poly (ADP-
ribose) polymerase (PARP) inhibition. PARP is a protein that recognises and repairs single 
strand DNA breaks, but in case of PARP inhibition these single stranded DNA breaks are 
replicated into double stranded breaks which causes cell death by synthetic lethality in HR 
deficient cells. It has been demonstrated that survival of recurrent HGSOC improved with 
maintenance PARP inhibition. As expected, the highest efficacy was observed in patients 
with a somatic or germline BRCA mutation, but sensitivity analyses showed an effect in all 
HGSOCs102-105. Recently, it has been shown that PARP inhibitors are also effective in patients 
with primary EOC and a BRCA mutation89. 
Besides the genetic make-up of ovarian cancer, the immune system contributes to the 
development and control of HGSOC. As such, the tumour micro-environment is increasingly 
studied in order to predict clinical outcome and therapy response. The presence of 
tumour-infiltrating lymphocytes (TIL), predominantly CD8+ cytotoxic T cells, is associated 
with improved prognosis106,107. The interplay between the genetic make-up and presence 
of specific TILs is not completely understood. In a current ongoing study, we aim to gain 
more insight in the association between immune cells and the molecular characterisation 
(BRCA mutated tumours versus CCNE1 amplificated tumours), in order to ultimately select 
patients for more effective treatment options. 
The immune system served as a basis for new immunotherapeutic strategies, such as 
checkpoint inhibitors and adoptive cell transfer. Responses to these new treatments may 
be disappointing at first, but it should be kept in mind that they are initially studied in 
heavily pre-treated patients108-110. In the coming years, it needs to be clarified whether 
these agents will play a prominent role in the treatment of ovarian cancer, and whether 
they are  more effective during primary of recurrent disease. Furthermore, the optimal 
combination of immunotherapeutic strategies with platinum-based chemotherapy, PARP 
inhibition and/or cytoreductive surgery needs to be elucidated in order to increase 
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the treatment effect and establish an improvement in the outcomes of ovarian cancer 
patients.

CONCLUDING REMARKS

Over the last 25 years, an improvement in the treatment of ovarian cancer has been 
achieved, with more patients receiving optimal treatment according to contemporary 
standards. The introduction of NACT-ICS ensured a safe and effective treatment option for 
at least a selection of advanced stage ovarian cancer patients. In addition, it is probably 
even first choice for the vast majority of FIGO stage IV patients. The use of NACT-ICS in 
all other advanced stage ovarian cancer patients should however be reserved for those 
patients in which successful primary surgery is considered impossible, and NACT is not, and 
should not be, the opposite of high-quality surgical care22,111. More insight in the interplay 
between tumour biology, therapy response and clinical outcomes must guide us to select 
patients for the right treatment at the right time. 
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Het doel van dit hoofdstuk is het beschrijven wat de samenleving heeft aan de uitkomsten 
van de studies gebundeld in dit proefschrift. De valorisatiegedachte is geen verwonderlijke, 
gezien KWF Kankerbestrijding dit onderzoek heeft gesubsidieerd. Publiceren van de 
opgedane kennis is een verantwoordelijkheid naar de subsidieverstrekker en de mensen 
daarachter. De opdracht van een valorisatiehoofdstuk impliceert echter dat nieuw 
opgedane kennis, of bevestiging van bestaande hypothesen, niet voldoende ‘opbrengst’ 
zou zijn van een proefschrift. Het idee achter valorisatie is dat wetenschap ook zou moeten 
leiden tot economisch gewin of een concreet toepasbare dienst of product. Indien dit het 
geval zou zijn is dat een mooi resultaat, maar het impliceert tegelijkertijd dat proefschriften 
die dit niet kunnen bieden van mindere kwaliteit zouden zijn. De geneeskunde is een 
vakgebied waarin we veelal toegepast onderzoek kunnen verrichten, waardoor valorisatie 
makkelijker te verwezenlijken is. Het toegepaste onderzoek zou echter niet bestaan zonder 
fundamenteel onderzoek. De waarde van fundamenteel onderzoek zit hem vaak niet in 
een concreet toepasbare dienst of product, maar wel in het beter begrijpen van de wereld 
om ons heen, en het mogelijk maken van toegepast onderzoek jaren later. 

In dit proefschrift is population-based onderzoek verricht met behulp van de Nederlandse 
Kankerregistratie. In tijden van ‘evidence-based medicine’ is gerandomiseerd onderzoek 
echter de gouden standaard om de effectiviteit van behandelingen aan te tonen. 
Gerandomiseerd onderzoek verdeelt twee groepen patiënten ‘at random’ tussen twee 
behandelingen met als doel dat de effectiviteit van behandeling A ten opzichte van 
behandeling B kan worden geobjectiveerd. Dit type onderzoek wordt echter sterk beïnvloed 
door de in- en exclusiecriteria die worden opgesteld. Bepaalde patiëntengroepen worden 
daarom vooraf uitgesloten van het onderzoek, met als resultaat dat de uitkomsten niet 
voor elke patiënt toepasbaar zijn in de dagelijkse praktijk. Population-based onderzoek is 
daarom een unieke mogelijkheid om de effecten van behandelingen te onderzoeken in de 
dagelijkse praktijk, juist ook bij patiëntengroepen die niet in gerandomiseerde onderzoeken 
zijn opgenomen. 

Ieder jaar ontwikkelen ongeveer 1300 vrouwen eierstokkanker in Nederland. Wereldwijd 
is eierstokkanker bovendien de meest dodelijke vorm van alle gynaecologische tumoren. 
Losse tumorcellen verspreiden zich makkelijk vanuit de eierstokken door de buikholte, met 
grote consequenties voor de prognose. Na vijf jaar is 80-95% van de patiënten met een 
vroeg stadium nog in leven, terwijl dit voor patiënten met een gevorderd stadium slechts 30-
45% betreft. Het opsporen van eierstokkanker in een vroeg stadium zou derhalve van grote 
waarde zijn voor de prognose van patiënten, maar aspecifieke symptomen en ontbreken 
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van accurate screeningsmethoden verhinderen dit vaak. Het belang van population-
based onderzoek naar eierstokkanker wordt uiteengezet in het eerste hoofdstuk van dit 
proefschrift, waarin duidelijk wordt dat de lange-termijn overleving van patiënten met 
eierstokkanker in de afgelopen 25 jaar niet is verbeterd. Er is wel vooruitgang geboekt in het 
langer controleren van ziekteactiviteit, wat zich uit in een verbeterde vijfjaarsoverleving. 
De behandeling van deze patiënten bestaat uit een combinatie van uitgebreide chirurgie 
en chemotherapie. De beste ziektecontrole ontstaat wanneer alle zichtbare tumor wordt 
verwijderd bij een operatie. 

Dit proefschrift beschrijft population-based onderzoek dat is verricht naar de optimale 
behandeling voor patiënten met eierstokkanker in een gevorderd stadium. Met behulp 
van de Nederlandse Kankerregistratie is meer inzicht verkregen in de organisatie van zorg 
voor patiënten met eierstokanker in Nederland. Hiervoor zijn alle patiënten die tussen 
2008 en 2015 zijn gediagnosticeerd met eierstokkanker onderzocht. Van alle patiënten 
met eierstokkanker wordt ongeveer 75% gediagnosticeerd in een gevorderd stadium. Niet 
alle patiënten komen in aanmerking voor een uitgebreide operatie, onder meer door te 
uitgebreide tumormassa, co-morbiditeit of omdat zij geen operatie wensen te ondergaan. 
Dit betekent dat er ongeveer 650-700 patiënten per jaar worden geopereerd en dat 
expertise op het gebied van deze operaties essentieel is gezien deze relatief kleine groep 
patiënten. Uit eerder onderzoek is gebleken dat de chirurgische zorg voor vrouwen met 
eierstokkanker verbetert wanneer deze wordt uitgevoerd door gynaecoloog-oncologen in 
gespecialiseerde ziekenhuizen. Dit heeft geleid tot centralisatie van chirurgische zorg voor 
patiënten met eierstokkanker. Uit een van onze studies blijkt dat patiënten in Nederland 
sinds de centralisatie dezelfde chirurgische zorg krijgen aangeboden onafhankelijk van het 
eerste ziekenhuis waar zij binnenstapt, waarbij rekening gehouden wordt met patiënt- en 
tumorkarakteristieken. Dit verklaart voor een gedeelte waarom centralisatie van zorg heeft 
bijgedragen aan betere ziektecontrole in de algehele populatie.

In Nederland worden patiënten binnen acht oncologische regio’s behandeld. Omdat de 
kans op een operatie niet hetzelfde is als de kans op een succesvolle operatie (gedefinieerd 
als geen macroscopische restlaesies), is er in dit proefschrift ook geëvalueerd of de kans 
op een succesvolle operatie afhangt van de regio waarin patiënten geopereerd worden. 
Uit deze studie bleek dat er wel degelijk verschillen bestaan in de kans op een succesvolle 
operatie tussen regio’s. Dit vertaalt zich bovendien voor een deel in verschil in prognose 
tussen regio’s. Een van de redenen die hieraan ten grondslag kan liggen is dat de centralisatie 
van de chirurgische zorg, ten tijde van ons onderzoek, nog niet door elk ziekenhuis was 
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opgevolgd. In 2015 is geobserveerd dat 30% van de ziekenhuizen zich niet hield aan de 
minimale normen voor het aantal operaties per jaar. Voorstanders van gecentraliseerde 
zorg gaan daarom nog een stap verder en beargumenteren dat deze normen niet per 
ziekenhuis, maar per gynaecoloog zouden moet gelden. Ziekenhuisvolume is een makkelijk 
meetbare indicator, en derhalve populair in wetenschappelijk onderzoek, maar heeft 
als nadeel dat het slechts een globaal beeld van de kwaliteit van zorg weergeeft. Het 
blijven ophogen van volumenormen, per ziekenhuis of per gynaecoloog, zonder andere 
kwaliteitsindicatoren in ogenschouw te nemen, zal hoogstwaarschijnlijk niet leiden tot 
een blijvende toename in kwaliteit van zorg. Een voorbeeld hiervan is al geleverd in de 
darmkankerchirurgie, waaruit blijkt dat de overleving na een chirurgische darmresectie niet 
beter is in ziekenhuizen die 100 operaties per jaar uitvoeren in vergelijking met ziekenhuizen 
die 50 operaties per jaar uitvoeren. De verbeterde zorg wordt veelal verklaard door andere 
factoren die geassocieerd zijn met een hoog ziekenhuisvolume, zoals het beschikbaar zijn 
van gespecialiseerde (gastro-intestinale) chirurgen tijdens de operatie in consult kunnen 
worden gevraagd, de aanwezigheid van gespecialiseerde verpleegkundigen, uitgebreide 
multidisciplinaire overleggen, en de aanwezigheid van gespecialiseerde gynaecoloog-
oncologen. De variatie die we hebben geobserveerd in uitkomsten tussen de oncologische 
regio’s moet ons stimuleren om van elkaar te leren, zodat patiënten de hoogst mogelijk 
kwaliteit aan oncologische zorg krijgen ongeacht waar zij worden gediagnosticeerd en 
behandeld.

Naast de centralisatie van zorg, kan ook de volgorde van de behandeling ervoor zorgen dat 
de uitkomsten van de chirurgie zijn verbeterd over de afgelopen jaren. Traditioneel werden 
patiënten met eierstokkanker primair geopereerd gevolgd door zes kuren adjuvante 
chemotherapie. Een alternatief is drie kuren neoadjuvante chemotherapie gevolgd door 
interval-chirurgie en nogmaals drie kuren adjuvante chemotherapie. Neoadjuvante 
chemotherapie kan potentieel het initiële tumorvolume verkleinen waardoor de kans 
op een succesvolle operatie wordt vergroot. Uit gerandomiseerd onderzoek blijkt dat de 
overlevingsuitkomsten vergelijkbaar zijn tussen de twee behandelingsstrategieën, met 
minder morbiditeit na neoadjuvante chemotherapie. Dit heeft in Nederland geleid tot een 
aanzienlijke toename in het gebruik van neoadjuvante chemotherapie, met daarbij ook een 
stijging in het aantal complete operaties. Zoals eerder benoemd is de vijfjaars overleving 
in dezelfde periode ook gestegen, echter is de algehele overleving na tien jaar nog steeds 
vergelijkbaar met de uitkomsten rond 1990. Dat brengt ons  tot de vraag of de kwaliteit van 
zorg wel daadwerkelijk verbeterd is in de afgelopen jaren en of neoadjuvante chemotherapie 
een gelijkwaardig alternatief is in de behandeling van gevorderde eierstokkanker. Dat 
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antwoord is niet simpel te geven, maar is wel uitgebreid beschreven in de voorgaande 
hoofdstukken van het huidige proefschrift. Inzicht geven in de daadwerkelijke uitkomsten 
van de oncologische zorg is een belangrijk onderdeel om de dagelijkse praktijk te kunnen 
verbeteren. Veelal is er een globaal inzicht in de eigen uitkomsten, maar niet in die van de 
omliggende ziekenhuizen of van andere regio’s. De kracht, en het nut, van dit proefschrift 
ligt dan ook in het inzichtelijk maken van de kwaliteit van zorg en de evaluatie van de 
effecten van veranderingen in de zorg voor patiënten met gevorderd ovariumcarcinoom 
over de afgelopen jaren. 
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DANKWOORD

Het is zover, na drie jaar promoveren ligt er een boekje. Dat het een unieke ervaring is 
geworden komt door alle mensen die hieraan hebben bijgedragen, waarvan ik er een 
aantal in het bijzonder wil bedanken. 

Prof. dr. Kruitwagen, beste Roy, na een conisatie op de OK in het MUMC+ vroeg je me 
of ik al plannen had voor het komende jaar. Ik kreeg de kans om te solliciteren op een 
ontzettend mooi project wat heeft geleid tot dit boekje. Je betrokkenheid vanuit het warme 
zuiden heb ik enorm gewaardeerd. Er zijn weinig promotoren die zo betrokken zijn bij hun 
promovendi, waarbij ik je snelle, klinisch-relevante en waardevolle feedback altijd binnen 
enkele dagen kon verwachten. Een bezoekje aan Maastricht resulteerde standaard in een 
veelvoud aan nieuwe ideeën, waarbij je mijn motivatie continue wist aan te wakkeren om 
het nog verder uit te zoeken. Je enthousiasme, tactvolle benadering, klinische expertise, 
en rust (ook aan de operatietafel), maakt je tot een enorme inspirator. Ik hoop dat we in de 
toekomst nog vaak samen mogen werken!

Dr. van der Aa, lieve Maaike, toen je op mijn eerste mail, waarin ik je aansprak met dr. 
van der Aa, antwoordde “Hahahaha noem me maar Maaike” wist ik dat het wel goed 
zat. Een goede co-promotor is aanwezig als het moet, maar kan iemand tegelijkertijd 
ook ruimte geven. Je hebt ons KWF-project echt aan me toevertrouwd, waardoor ik me 
heb kunnen ontwikkelen tot een volwaardig lid van ons team. Ik heb je steun tijdens 
onze strubbelingen rondom de registratie als heel waardevol ervaren. Je betrokkenheid, 
toewijding, enthousiasme en vooral ook gezelligheid heb ik enorm gewaardeerd. Onze 
congresbezoeken waren memorabel, waarbij je je taak als begeleider tot in de late uurtjes 
heel serieus hebt genomen.

Dr. Sonke, beste Gabe, ik weet nog goed dat ik mijn eerste abstract voor een congres van 
je heb teruggekregen met de tekst; “Hele mooie eerste opzet”, en vervolgens een volledig 
rood document. Sindsdien is het iets minder rood geworden, maar hebben je klinische 
expertise, epidemiologische kennis en gave om een boodschap te verkopen enorm 
bijgedragen aan de kwaliteit van mijn manuscripten. Toen ik na twee jaar promoveren 
graag weer terug naar de kliniek wilde was jij heel duidelijk, en daarvoor ben ik je nu, met 
boekje op zak, erg dankbaar. 
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Prof. dr. Van de Vijver, beste Koen, het fundamentele gedeelte van dit project sprak mij in 
eerste instantie het minste aan. Maar na een aantal keer met jou gesproken te hebben, 
en samen achter de microscoop naar al die ovariumcarcinomen gekeken te hebben, heb 
je met weten te overtuigen van de mooie aspecten van de (moleculaire) pathologie. Je 
enthousiasme is aanstekelijk, en ook al ging je nog net iets zuidelijker dan Roy zitten, je 
betrokkenheid werd gelukkig niet minder.

Prof. dr. Amant, dr. De Boer, prof. dr. Dejong, prof. dr. Lemmens en prof. dr. Speel, dank voor 
het beoordelen van mijn proefschrift en het zitting nemen in de commissie. Ook veel dank 
aan alle co-auteurs voor de hulp bij het schrijven van de studies. 

 
Zonder de Nederlandse Kankerregistratie en onze toegewijde afdeling registratie was dit 
boekje er niet geweest. De HOOGSTOC-registratie was voor velen een blok aan het been, 
maar jullie hebben een enorme hoeveelheid werk verzet, waarvoor veel dank. Nacio, 
Christien en Mirjam, veel dank voor jullie enorme inzet bij het opstarten en begeleiden van 
de HOOGSTOC-registraties, jullie hebben me laten zien dat registreren een vak apart is! 
Reini, dank voor het maken van alle HOOGSTOC-bestanden en eerste hulp bij noodgevallen. 
Dr. Visser, beste Otto, er zijn weinig mensen die zoveel van kankerregistraties weten als jij. 
Ondanks onze meningsverschillen, en misschien wel dankzij, heb ik ontzettend veel respect 
voor de manier waarop je iedere keer de kwaliteit van de NKR weet te verbeteren en op 
een hoog niveau weet te houden. 

Dank aan alle collega’s in het NKI-AVL die me wegwijs hebben gemaakt in de wondere 
wereld van het fundamentele onderzoek. Dr. Horlings, beste Hugo, dank voor het 
waarnemen van Koen z’n taken in het NKI-AVL toen hij naar Gent vertrok. Je enthousiasme 
en ideeën zijn onuitputtelijk. Dr. Rosenberg, beste Efraim, dank voor je tijd, aanstekelijke 
enthousiasme, uitgebreide colleges die ik tussendoor kreeg en je nauwkeurigheid in het 
begeleiden van onze BRCA-mutatie analyses. Zonder jou en je team was ons manuscript 
er niet geweest. Rianne, veel dank voor je hulp bij het isoleren van het DNA, het opzetten 
van onze experimenten en me wegwijs maken in het lab. Michiel, wat hebben we genoten 
van de FISH-analyses, dank voor je doorzettingsvermogen. Lauri, ontzettend veel dank voor 
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ik enorm. Lieve papa, je hebt ons geleerd om altijd nieuwsgierig te zijn. Antwoorden 
op simpele vragen gaf je niet, maar de boeken waar het in stond werden in veelvoud 
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me hebt geleerd. Daarnaast hebben jullie samen voor een warm thuis gezorgd, waar we 
allemaal graag en veelvuldig naar terug komen (inclusief ons jaarlijkse wintersport tripje). 
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